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 Preface     

  The 7th edition of the  ‘ Textbook ’  refl ects the enor-
mous changes in the environment in which the phar-
maceutical industry and the pharmaceutical physician 
operate, many of which have occurred since 2009 
when the 6th edition was published. 

 The arrangement of the material is now in three 
parts:
   Part I: Research and Development;  
  Part II: Regulation;  
  Part III: Healthcare Marketplace.    
 There are fundamental changes in all three areas 
with new chapters on topics that have not featured in 
previous editions. These include biological therapeu-
tics, vaccines, drugs for cancer, drug development in 
paediatrics and neonates, pharmacovigilance, the 
European clinical trials directive, lifecycle manage-
ment of medicines, availability of medicines on - line 
and counterfeits and the supply of unlicensed medi-
cines. Several pre - existing chapters have undergone 
major revision, often by new authors. New chapters 
on the ethics of human experimentation in Part I 
and legal and ethical issues in Part III refl ect a 
greater emphasis on ethical issues, which are of such 
critical importance to the pharmaceutical industry 
as a whole. 

 The  ‘ Textbook ’  started 20 years ago as essential 
reading for the pharmaceutical physician preparing 

for the professional qualifi cation of the Diploma in 
Pharmaceutical Medicine and for Membership of the 
Faculty of Pharmaceutical Medicine of The Royal 
Colleges of Physicians of the UK. Over subsequent 
editions, the scope of the book has broadened and 
much of its content should now be pertinent to the 
wide range of personnel involved in the development, 
regulation and marketing of medicines. This includes 
clinical trial investigators and their research teams as 
well as those in the industry. We have attempted to 
make this book a  ‘ fi rst stop shop ’  for all these readers, 
with suffi ciently generous referencing to guide further 
detailed study included in each chapter. 

 It is to be hoped that the broad international scope 
will make the book of interest to those in the devel-
oped markets of Europe, North America, Japan and 
Australasia and also to those in the developing 
markets. 

 Whilst recognising that it is impossible for all its 
content to remain up to date, we thank the publisher 
Wiley - Blackwell for permitting late changes to some 
text where regulations have been updated very recently 
so that information is as up to date as it can be. 

   John P. Griffi n 
 John Posner 

 Geoffrey R. Barker        
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Introduction 

 Patients rely on discovery researchers to embrace 
innovation, make advances and deliver new therapies 
that will improve their lives. The discovery of drugs 
is a complex, costly and lengthy process involving 
several distinct stages on the path towards delivery
of a marketable drug (Figure  1.1 ). It is becoming 
increasingly important in the ever competitive enter-
prise of drug discovery for researchers to develop 
innovative drug discovery strategies in order to fi ll 
their pipelines. This chapter is designed to highlight 
these modern approaches to drug discovery and the 
changing therapeutic landscape for the currently 
available drugs.   

 Progress in drug discovery relies on fundamental 
biological research in pharmaceutical and biotech-
nology companies as well as academia to identify new 
biological targets, to implement target validation 
strategies and to confi rm target relevance in a disease 
state. Initially, drug discovery researchers select a 
target that can interact with a modulator, such as 
a protein or small molecule. After a target has 
been chosen, researchers must demonstrate that the 
target is relevant to a disease in both living cells and 
animal models. The promise of determining the 
whole genome sequence, new insights into molecular 
sources of disease, technological advances in both 
target and lead validation, and high - throughput 
screening (HTS) strategies all provide potentially 
novel opportunities for target validation in drug dis-
covery. After such validation, the search begins for a 
 ‘ hit ’  molecule that interacts with the desired target. 
These  ‘ hits ’  may originate from nature,  de novo  design 
or HTS but, in most cases, require optimisation to 

 ‘ leads ’  via cycles of altering the structure and proper-
ties of the molecules followed by iterative screening. 
During this process, lead compounds are further 
optimised for the desired  a bsorption,  d istribution, 
m etabolism,  e xcretion and  t oxicological (ADMET) 
properties. ADMET optimisation supplies the  ‘ lead 
compound ’ , which advances to later stages of drug 
development. 

 A case study around the investigation of phos-
phodiesterase (PDE) inhibitors illustrates the suc-
cessful applications of the principles of contemporary 
drug discovery and development. Based on the dis-
covery of an endothelium - derived relaxing factor 
and the interplay of nitric oxide, cyclic guanosine 
monophosphate (cGMP) and PDEs in vasodilation, 
researchers at Pfi zer reasoned that a PDE inhibitor 
might be advanced for the treatment of angina  [1] . 
Their comparison of the structure of cGMP, with 
consideration of how it may bind to PDEs, with that 
of the weak vasodilator Zaprinast, also a PDE inhibi-
tor, further supported their hypothesis. The screen -
ing of existing compound collections as well as the 
rational design of analogues produced active mole-
cules that targeted PDE - 5, a cGMP - specifi c PDE 
located in coronary smooth muscle. Further optimi-
sation of these compounds for the desired potency 
and ADMET properties led to a clinical candidate for 
angina; the compound was found to be ineffective, 
and its development as a cardiovascular drug was 
halted. During the clinical trials, however, some 
patients reported experiencing enhanced penile erec-
tions. Subsequently, PDE - 5 was identifi ed as the main 
cGMP - degrading enzyme in the corpus cavernosum. 
Thus, efforts were redirected toward proving the 
effectiveness of the lead compound as a treatment for 
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ment (R & D), clinical trials and marketing to intro-
duce drugs to market. However, fewer than one in 50 
drug discovery projects results in the delivery of a 
drug to market  [4] , and the average time from 
concept to market is 15 years, at a cost of nearly a 
billion dollars per drug  [5] . Further, since 2008, new 
drug approvals have declined sharply despite an 
increase in R & D spending  [6] . The observed high 
attrition rate is unsustainable and researchers must 
constantly reassess their tactics in order to translate 
discovery research into clinical success. 

 Despite the steady decline in overall new drug 
approvals there has been a steady increase of new 
products in the therapeutic areas of anti - infective, 
metabolic and orphan diseases, as well as a shift 
into specialty - care therapies (Tables  1.1 , Table  1.2 , 
Table  1.3  and Table  1.4 )  [7 – 9] . The majority of 
new molecular entities (NMEs) continue to be small 
molecules; however, vaccines and non - biological oli-
gonucleotides employed as macromolecular thera-
peutics are directed at enzymes and receptors that 
have been classically modulated by small molecule 
drugs.   

 In response to the decline in new drug approvals, 
new approaches have been put in place:
   1.     drug combinations that target multiple pathways 
continue to increase in drug discovery to modulate 
the interplay of complex chemical pathways involved 
in diseases;  

erectile dysfunction and the eventual approval of 
sildenafi l (Viagra) in 1998 as a prescription medicine 
for erectile dysfunction  [2,3] . 

 Important parts of drug discovery and develop-
ment are intellectual property protection and the 
ability to navigate around prior art. Pfi zer fi led patent 
applications proactively around the lead compound/
series, as well as its therapeutic use, to deter competi-
tors from achieving success in the PDE arena in 
similar chemical space. Others interested in advanc-
ing compounds in this therapeutic area became faced 
with searching for gaps in the patent coverage or pur-
suing alternative structural classes. Implementation 
of a  ‘ patent busting ’  strategy enabled the discovery of 
vardenafi l (Levitra). Analogues outside of the Pfi zer 
patents were identifi ed, optimised and evaluated in 
clinical trials ahead of product launch in 2003. Con-
versely, Icos and Lilly investigated an unrelated mol-
ecule as a longer - acting PDE - 5 inhibitor that led to 
the approval of tadalafi l (Cialis), also in 2003. Figure 
 1.2  highlights the structural similarities, and differ-
ences, of these three medicines.    

  Medicines  m arketed in the  y ears 
2008 – 2011 

 The pharmaceutical and biotechnology industries 
spend billions on cutting - edge research and develop-

     Figure 1.1     Drug discovery pipeline.  
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3.     collaboration strategies between pharmaceutical 
companies and academic research institutions have 
contributed to the drug discovery process  [10,11] .    
 While academic research is focused principally on the 
underlying mechanistic components of a disease and 

2.     drug repurposing has accounted for two - thirds 
of new drug applications. Increased focus on re -
purposing existing drugs for orphan indications 
emanates from disease - focused philanthropic groups; 
and

Table 1.1    New molecular entities ( NME ) approved 2008.  Reproduced from Hegde S, Schmidt M. To Market, To Market 

Annual Reports in Medicinal Chemistry 2009; 44: 577 with permission from Elsevier  [8]   

   Proprietary     Established     Applicant     Treatment/indication  

  Entereg    Alvimopan    GlaxoSmithKline/Adolor    Oral treatment of postoperative ileus 

following bowel resection surgery  

  Biomatrix    Biolimus drug - eluting stent    Biosensors    Antiresenotic  

  Lonasen    Blonanserin    Dainippon - sumitomo    Dual antagonist of dopamine D2 and 

serotonin 5 - HT2 for schizophrenia  

  Zeftera    Ceftobiprole medocaril    Basilea/Johnson & Johnson    New injectable cephalosporin antibiotic  

  Cimzia    Certolizumab pegol    UCB    TNF -  α  blocker for Crohn ’ s disease  

  Trilipix    Choline fenofi brate    Abbott/Solvay    PPAR α  dyslipidaemia  

  Cleviprex    Clevidipine    The Medicines Co.    IV treatement for hypertension  

  Pradaxa    Dabigatran    Boehringer Ingelheim    Oral administered anticoagulant  

  Pristiq    Desvenlafaxine    Wyeth    SNRI for antidepression  

  Intelence    Etravirine    Tibotec    NNRT antiviral for HIV  

  Toviaz    Fesoterodine    Pfi zer    Orally active pro - drug from treatment of 

overactive bladder  

  Ivemend    Fosapreptiant dimeglumine    Merck    Anti - emetic  

  Firazyr    Icatibant    Jerini    Hereditary angiodema (HAE)  

  Vimpat    Lacosamide    Schwarz Pharma    Anticonvulsant  

  Relistor    Methylnaltrexone bromide    Wyeth/Progenics    Opiod - induced constipation  

  Pirespa    Pirfenidone    Shinogi    Idiopathic pulmonary fi brosis (IPF)  

  Arcalyst    Rilonacept    Regeneron    Recombinant fusion protein for symptoms 

of inherited auto - infl ammatory syndrome  

  Xarelto    Rivaroxaban    Bayer/Ortho - McNeil    Anticoagulant  

  Nplate    Romiplostim    Amgen    Recombinant fusion protein for treatment 

of thrombocytopenia  

  Gracevit    Sitafl oxacin hydrate    Daiichi Sankyo    Antibacterial  

  Bridion    Sugammadex    Schering - Plough    Reversal of neuromuscular blockade  

  Tafl otan    Tafl uprost    Santen/Asahi Glass    Antiglaucoma  

  Recothrom    Thrombin alfa    Zymogenetics    Recombinant human protein for haemostat  

  Recomodulin    Thombomodulin    Asahi Kasei Pharma    Recombinant human protein as an 

anticoagulant  

   NNRT, non - nucleoside reverse transcriptase; PPAR, peroxisome proliferator - activated receptor; SNRI, serotonin –

 norepinephrine reuptake inhibitor; TNF, tumour necrosis factor.   
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Table 1.2     NME  approved 2009.  Reproduced from Hegde S, Schmidt M. To Market, To Market Annual Reports in Medicinal 

Chemistry 2010; 45: 467 with permission from Elsevier  [9]   

   Proprietary name     Established name     Applicant     Treatment/indication  

  Nuvigil    Aromodafi nil    Cephalon    Sleep disorder,  α 1 - adrenoceptor agonist  

  Saphris    Asenapine    Merck/Schering - Plough    Schizophrenia and bipolar 1, dual 

antagonist dopamine D2 and serotonin 

5 - HT2

  Besivance    Besifl oxacin    Baush  &  lomb    Antibacterial, ophthalmic use  

  Ilaris    Canakinumab    Novartis    Recombinant monoclonal antibody, 

anti - infl ammatory  

  Removab    Catumaxomab    Trion    Trifunctional monoclonal antibody, 

anticancer  

  Priligy    Dapoxetine    Janssen - Cilag    Premature ejaculation  

  Firmagon    Degarelix acetate    Ferring Pharmaceutical    Antagonist of GNRH, anticancer  

  Kapidex    Dexlansoprazole    Takeda    Gastroesophogeal refl ux disease  

  Multaq    Dronedarone    Sanofi  - Aventis    Anti - arrhythmic  

  Promacta    Eltrombopag    GlaxoSmithKline    Antithrombocytopenic  

  Zebinx    Eslicarbazepine    Eisai    Anti - epileptic  

  Adenuric    Febuxostat    Takeda/Teijin/Ipsen    Antihyperuricaemic, selective xanthine 

oxidase inhibitor  

  Simponi    Golimumab    Centocor Ortho    Recombinant monoclonal antibody, 

anti - infl ammatory  

  Onbrez breezhaler    Indacaterol    Novartis/Skye Pharma    Chronic obstructive pulmonary disease, 

inhaled β 2 adrenoceptor agonist  

  Victoza    Liraglutide    Novo Nordisk    Antidiabetic  

  Recalbon, bonoteo    Minodronic acid    Ono/Astella Pharma    Osteoporisis  

  Remitch    Nalfurafi ne hydrochloride    Toray/Japan Tobacco    Pruritus (chronic itching)  

  Arzerra    Ofatumumab    Genmab/GlaxoSmithKline    Recombinant monoclonal antibody, 

anticancer  

  Votrient    Pasopanib    GlaxoSmithKline    VEGF, anticancer  

  Mozobil    Plerixafor    Genzyme    Haematological malignancies, autologous 

haemtopoietic stem cell transplantation  

  Folotyn    Pralatrexate    Allos    Injectable DHFR inhbitior, anticancer  

  Effi ent    Prasugrel    Daiichi Sankkyo/Eli Lilly    Antiplatelet therapy  

  Onglyza    Saxagliptin    Bristol - Myers - Squibb/

Astrazeneca  

  Antidiabetic  

  Nucynta    Tapentadol    Ortho - McNeil - Janssen    Analgesic, pain intervention  

  Arbelic, vibativ    Telavancin    Theravance/Astellas Pharma    Antibiotic  

  Samsca    Taolvaptan    Otsuka America    Hyponatraemia  

  Ellaone    Ulipristal acetate    HRA Pharma    Contraceptive, progesterone receptor 

antagonist

  Stelara    Ustekinumab    Janssen - Ortho    Humanized IGG1K monoclonal 

antibody, antipsoriatic  

   DHFR, dihydrofolate reductase; GNRH, gonadotrophin - releasing hormone; VEGF, vascular endothelial growth factor.   
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Table 1.3     NME  approved 2010.  Reproduced from Bronson J, Dhar M, Ewing W, Lonberg N. To Market, To Market Annual 

Reports in Medicinal Chemistry 2011; 46: 433 with permission from Elsevier  [7]   

   Proprietary name     Established name     Applicant     Treatment/indication  

  Lastacaft    Alcaftadine    Vistakon Pharmaceuticals    Ophthalmologic, histamine antagonist  

  Nesina    Alogliptin    Takeda/Furiex Pharmaceuticals    Antidiabetic, DPP - 4  

  Bilaxten    Bilastine    Faes Farma, Menarini, Pierre 

Fabre, Merck - Serono  

  Antiallergy, histamine antagonist  

  Jevtana    Cabazitaxel    Sanofi  - Aventis    Anticancer, tubulin inhibitor  

  Tefl aro    Ceftaroline fosamil    Forest Laboratories    Antibacterial, bacterial cell wall synthesis 

inhibitor  

  Elonva    Corifollitropin    Merck    Infertility, FSH agonist  

  Ampyra    Dalfampridine    Acorda Therapeutics    Multiple sclerosis, potassium channel blocker  

  Prolia / xgeva    Denosumab    Amgen    Osteoporosis, recombinant monoclonal 

antibody  

  Diquas    Diquafosol    Santen    Ophthalmologic dry eye, P2Y2 purinergic 

receptor agonist  

  Kalbitor    Ecallantide    Dyax Corp    Angiodema, plasma kallikrein inhibitor  

  Halaven    Eribuline    Eisai    Anticancer, tubulin inhibitor  

  Gilenya    Fingolimod    Novartis    Multiple sclerosis, S1P receptor agonist  

  Inavir    Laninamivir    Daiichi - Sankyo    Antiviral, neuraminidase  

  Lurasidone    Lurasidone    Dainippon Sumitomo Pharma    Schizophrenia, dopamine 5 - HT receptor 

antagonist

  Junovan    Mifamurtide    Takeda    Anticancer  

  Rapiacta    Peramivir    Biocryst Pharmaceuticals    Antiviral, neuraminidase inhibitor  

  Daxas    Rofl umilas    Nycomed    Chronic obstructive pulmonary disorder, 

PDE4 inhibitor  

  Istodax    Romidepsin    Celgene    Anticancer, histone deacetylase inhibitor  

  Provenge    Sipuleucel - t    Dendreon    Anticancer, therapeutic cancer vaccine  

  Egrifta    Tesamorelin    Theratechnologies    HIV lipodystrophy, growth hormone -

 releasing factor  

  Brilique    Ticagrelor    Astra - Zeneca    Antithrombotic, P2Y12 antagonist  

  Brinavess    Vernakalant    Merck/Cardiome Pharma    Anti - arrhythmic, atrial potassium channel 

blocker  

  Javlor    Vinfl unine    Pierre Fabre    Anticancer, tubulin inhibitor  

  Civanex    Zucapsaicin    Winston    Analgesic, TRPV1 channel activator  

   FSH, follicle stimulating hormone; PDE4, phosphodiesterease 4; TRPV1, transient receptor potential cation channel 

subfamily V member 1.   
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Table 1.4     NME  approved 2011.  Reproduced with permission from U.S. Food and Drug Adminstration,  ‘ How Drugs are 

Developed and Approved? ’ ,  http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/

DrugandBiologicApprovalReports/ucm121136.htm . Last accessed 13 Aug 2012  

   Proprietary name     Established name     Applicant     Treatment / indication  

  Zytiga    Abiraterone    J & J    Advanced prostate cancer  

  Eylea    Afl ibercept    Regeneron/Bayer    Wet AMD  

  Edarbi    Azilsartan    Takeda    Hypertension angiotensin II receptor blocker  

  Nulojix    Belatacept    Bms    Renal transplant  

  Benlysta    Belimumab    HGSI, GSK    Lupus  

  Victrelis    Boceprevir    Merck    Hepatitis C  

  Adcetris    Brentuximab vedotin    Seattle Genetics    Hodgkin lymphoma, anaplastic large cell 

lymphoma  

  Tefl aro    Caftaroline    Cerexa    Acute bacterial skin infections and 

pneumonia

  Erwinaze    Crisantaspase    Eusa    ALL  

  Xalkori    Crizotinib    Pfi zer    NSCLC  

  Promacta    Eltrombopag    GSK    Chronic immune (idiopathic) 

thrombocytopenic purpura  

  Potiga    Ezogabine    GSK, Valeant    Epilepsy  

  Corifact    Factor xiii    Behring    Prevention of bleeding with genetic defects 

in factor XIII  

  Horizant    Gabapentin enacarbil    GSK, Xenoport    Restless legs syndrome  

  Firazyr    Icatibant    Shire    Hereditary angioedema  

  Arcapta neohaler    Indacaterol    Novartis    COPD  

  Yervoy    Ipilimumab    Bms    Metastatic melanoma  

  Tradjenta    Linagliptin    Lilly, Boehringer Ingelheim    Type 2 diabetes  

  Edurant    Rilpivirine    J & J    HIV  

  Xarelto    Rivaroxaban    Bayer, J & J    Blood clot prevention  

  Daliresp    Rofl umilast    Forest    COPD  

  Jakafi     Ruxolitinib    Incyte, Novartis    Myelofi brosis  

  Natroba    Sphinosad    Parapro    Head lice  

  Incivek    Telaprevir    Vertex, J & J, Mitsubishi Tanabe    Hepatitis c  

  Brilinta    Ticagrelor    Astra Zeneca    Blood clot prevention  

  Caprelsa    Vandetanib    Astra Zeneca    Medullary thyroid cancer  

  Zelboraf    Vemurafenib    Roche, Daiichi Sankyo    Melanoma  

  Zictifa    Vendetanib    Astra Zeneca    Thyroid cancer  

  Viibryd    Vilazodone    Forest, Merck KGAA    Major depressive disorder  

   ALL, acute lymphocytic leukaemia; AMD, acute macular degeneration; COPD, chronic abstructive pulmonary disease; 

NSCLC, non - small cell lung cancer.   
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by the compatibility of that target with an HTS 
approach to enable rapid and cost - effective evalua-
tion of hundreds of thousands of compounds from 
screening collections. 

 Much debate continues around the relative effec-
tiveness of the two models outlined earlier. The 
premise that high - affi nity binding to a single biologi-
cal target that is associated with a disease state will 
afford a therapeutic benefi t in humans  [13,14]  has 
been countered by opinions that pharmaceutical 
products developed pre - HTS in fact do  not  act on a 
single target, and are actually more promiscuous than 
previously thought, thereby exposing a defi ciency in 
the HTS approach. Off - target binding could have an 
important role in the effi cacy of a drug candidate 
that: (i) underscores not only the importance of 
target selection, but also the choice of the R & D stra-
tegic model; and, (ii) provides one plausible explana-
tion for the success of the  in vivo  screening model in 
delivering NMEs.  

Impact of combinatorial chemistry
on drug discovery

 The paradigm of drug discovery experienced changes 
at the end of the last century. The acceptance of HTS 
methodologies reinforced opinions to prepare larger, 
diverse collections of test compounds, especially pep-
tides and small molecules. Solid - phase chemistry  [15]  
enabled the assembly of complex polypeptides on a 
polymer support, simultaneously providing access to 
previously unattainable molecules and foreshadow-
ing the use of automation. The overarching features 
of this approach were the use of substrates covalently 
bound to a solid - support (polypropylene, polysty-
rene or other polymeric beads) and an excess of rea-
gents to drive reactions to completion that could be 
washed away, thus eliminating the need for tradi-
tional purifi cations  [16] . Means of accessing larger 
numbers of polypeptides as well as complex arrays of 
polypeptides naturally emerged  [17,18] . Another 
methodology used in combination with automated 
parallel synthesis equipment enabled the synthesis of 
sets of compounds (libraries) containing literally mil-
lions of members. This  ‘ split - and - mix ’   [19 – 21]  meth-
odology relied on a three - step regimen to build 
libraries of compounds on a solid support: perform-
ing the initial reactions on the beads, mixing the 
beads and then partitioning the beads for the next 
reaction. This process could be repeated many times, 
limited only by the targeted size of the fi nal products. 

the pharmaceutical industry focuses on pro gressing 
discovery projects, a willingness to share expertise 
through these research alliances has resulted in 
advances in poorly funded rare diseases.  

Impact of high throughput 
screening in  drug discovery

 A judicious choice of therapeutic area and biological 
target, along with an acceleration of development 
time through scientifi c innovation, are critical to a 
successful R & D drug discovery programme. Pharma-
ceutical companies often engage in economic balanc-
ing when choosing therapeutic areas in which to 
begin research by weighing the probability of deliver-
ing a product against potential sales of this product. 
Additionally, companies must consider development 
costs and regulatory hurdles when choosing their 
research path. As an example, since 2000, the propor-
tion of R & D projects from available corporate port-
folios in the area of antineoplastic agents has increased 
by about 7%  [12] . The average sales per year for an 
antineoplastic agent developed since 2000 was 92 
million dollars, among the highest of the major thera-
peutic classes. However, the probability of success for 
reaching the market from the preclinical phase for an 
antineoplastic development project is quite low due 
to project attrition  [12] . 

 The drug discovery paradigm has evolved in recent 
times. In the simplest example, the mode of action 
of a compound (drug) centres on its binding to 
a receptor (target) that infl uences a biochemical 
pathway, which is relevant to a physiological process, 
and the sum of these events provides a therapeutic 
benefi t to a disease state. In many cases the reality 
is not that simple, thus additional approaches have 
become necessary. Prior to 1990, the standard 
approach to small molecule drug discovery relied 
on iterative, low - throughput  in vivo  screening and 
optimisation of compounds to improve chemical or 
biochemical parameters (e.g. potency, selectivity or 
pharmacokinetic properties). Antihypertensive beta -
 blockers were developed through this process from 
adrena  line (epinephrine)  [12]  where analogues were 
synthesised individually and evaluated in concurrent 
assays (often  in vivo ) and optimised via medicinal 
chemistry to progress compounds to clinical trials. 
With the advent of HTS and the availability of large 
collections of compound libraries, this model was 
criticised for being slow, expensive and obsolete. 
Target selection has since become heavily infl uenced 
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 [23] . Also, the recognition of relationships between 
compound structure and biological activity has 
enabled enhancements towards library design based 
on  physicochemical  properties (properties that can be 
measured  such as logD or solubility) and  constitutive
properties (features that can be derived, or calculated, 
from the arrangement of atoms in a compound)  [33] . 
A popular example of the usage of constitutive prop-
erties was fi rst described by Lipinski et al.  [34,35]  
who developed a guide widely known as the  ‘ Rule of 
Five ’  that states drug - like molecules should have: a 
molecular weight (MW) of  ≤ 500;  ≤ 5 hydrogen bond 
donors;  ≤ 10 hydrogen bond acceptors and a logP of 
≤ 5. The  ‘ Rule of Five ’  has helped guide library design 
to bias a set of molecules towards having properties 
similar to known drugs. 

 The realisation that making large libraries alone 
would not necessarily provide chemical leads for drug 
discovery programmes was intimately associated with 
advances in computational methods. During this 
time, computational chemists were developing tools 
to assist with the design and selection of compounds 
for synthesis and screening. Chemists were equipped 
to engineer focused libraries with drug - like proper-
ties, and arguably a higher chance of success, as well 
as libraries to address specifi c questions or probe spe-
cifi c structure – activity relationships during a lead 
optimisation programme.  

Fragment -based design

 Fragment - based drug discovery (FBDD) is a recent 
addition to the set of tools available to pharmaceuti-
cal scientists. In FBDD, collections of low molecular 
weight compounds, or  ‘ fragments ’ , are screened using 
biophysical methods to identify weak, as character-
ised by dissociation constants in the micromolar 
to millimolar range, but effi cient binders to a target 
of interest, usually a purifi ed protein. The fragments 
thus identifi ed serve as starting points for further 
optimisation with the goal of producing potent drugs 
with favourable properties. Herein we discuss the 
key concepts of FBDD, the biophysical techniques 
involved, recent advances in the area and some FBDD 
successes. 

 Fragment criteria as well as the properties of col-
lections are topics often debated in this fi eld. A frag-
ment in the context of FBDD is smaller and more 
polar than most drug molecules. Fragments are 
often fi ltered by a  ‘ Rule of Three ’   [36]  (analogous to 

As the number of fi nal products increases by mul-
tiplication whereas the number of reagents and 
reactions used increases only by addition, this com-
binatorial approach could rapidly provide libraries 
of more complex compounds. Of course the inherent 
diffi culty of assigning specifi c structures to the syn-
thesised molecules became an issue, in terms of relat-
ing a chemical structure to a  ‘ hit ’  from a biological 
assay. The use of inert chemical  ‘ tags ’  (or labels) as an 
encoding strategy to describe the chemical reagents 
used for any member of a library offered a method to 
decipher structures associated with  ‘ hits ’   [22] . 

 Large investments in drug discovery, along with the 
advent of HTS methodologies and the ability to syn-
thesise very large libraries led to a mistaken sense of 
exuberance in the fi eld based on the founding (but 
fl awed) principle that,  ‘ given a suffi ciently large and 
diverse set of compounds to test, the discovery of an 
ideal drug for any given disease state would be statis-
tically unavoidable ’   [23] . Combinatorial libraries of 
peptides/nucleotides did not readily translate to func-
tional and commercial drugs for a variety of reasons: 
(i) although millions of molecules were made, they 
represented only a minute fraction of the possible 
compounds that could be made  [24] ; (ii) the de -
 convolution of large libraries is not practical because 
the split - and - mix method requires the concomitant 
resynthesis (or partial resynthesis) to relate a  ‘ hit ’  to 
a discrete chemical structure; and (iii) combinatorial 
chemistry produced libraries of compounds with 
physicochemical properties that deviated substan-
tially from either drug - like or natural product - 
like compounds  [25] . Despite these shortcomings, 
combinatorial chemistry efforts have produced one 
success story. The preparation and testing of approxi-
mately 200,000 compounds in a HTS assay for Raf1 
kinase inhibition  [26]  identifi ed a weak inhibitor of 
Raf1 kinase that was optimised to sorafenib, approved 
for the treatment of renal cell carcinoma after just 11 
years of R & D. 

 Although the desire for drug discovery pro-
grammes to produce large [ > 10,000 new chemical 
entity (NCE)] libraries by the split - and - mix method 
eventually waned, medicinal chemists have developed 
a repertoire of tools for parallel synthesis. The 
advances in the use of parallel platforms have been 
employed to prepare smaller collections to enhance 
medicinal chemistry hit - to - lead programmes  [27 –
 32] . Furthermore, the skill sets developed by medici-
nal chemists have been adopted by the fi elds of 
agricultural chemistry, chemical biology, catalyst 
discovery, process chemistry and material science 



Discovery of new medicines 11

resonance is observed for every  1 H -  15 N pair in the 
protein; chemical shift changes in the presence of 
fragments reveal the area of the protein involved in 
binding. Recent work describes the use of  19 F - NMR 
in screening fragments  [44,45] . Regardless of the 
techniques selected, more than one technique should 
be used to validate fragment binding, preferably in an 
orthogonal fashion  [40,46]  prior to further develop-
ment of a FBDD programme. 

 Various strategies are employed subsequently 
to transform a selected fragment into a viable lead 
compound. The earliest approaches, fragment 
linking, advocated connecting multiple fragments 
that bind in different areas of the binding pocket. 
However, fragment linking has struggled to maintain 
the stringent distance and angular requirements 
between fragments while preserving their original 
binding modes. More common approaches have been 
described as fragment elaboration or fragment 
growth, where functional groups are added iteratively 
to assess potency and other properties  [40] . Impor-
tantly, the growth of the fragment is guided by the 
structural information obtained from the biophysical 
techniques described previously. 

 The success of FBDD can be measured in several 
ways. Many companies have been founded on FBDD 
platforms or have incorporated fragment - based 
approaches into their discovery programmes. How-
ever, the real success of any drug discovery paradigm 
is the ability to deliver marketed drugs and improve 
patient outcomes. At last count, 17 compounds that 
originated from FBDD programmes had reached 
clinical trials, including seven that reached phase II 
and one, vemurafenib, that reached phase III  [40] . 
Vemurafenib, a selective inhibitor of the B - Raf kinase 
for the treatment of malignant melanoma, was 
recently approved as Zelboraf by both the FDA and 
the European Commission and represents the fi rst 
success for FBDD.  

Examples in drug discovery

Hepatitis C virus
 Hepatitis C virus (HCV) is a positive sense RNA virus 
of the family  Flaviviridae  which was fi rst identifi ed in 
1989  [47]  and causes an infection of the liver that is 
transmitted via blood and mother - to - child transmis-
sion. HCV does not kill the cells it infects, but it 
instead triggers an immune - mediated infl ammatory 
response that either rapidly clears the virus or slowly 
destroys the liver. It is estimated that 130 – 170 million 

Lipinski ’ s  ‘ Rule of Five ’   [34,35] ), to have MW  < 300, 
hydrogen bond donors or acceptors  ≤ 3, the number 
of rotatable bonds  ≤ 3 and ClogP  ≤ 3 (there has been 
success, however, with a  ‘ non - Rule of Three ’  compli-
ant library  [36] ). Fragments bind to their targets 
weakly but very effi ciently relative to their size. The 
concept of ligand effi ciency stems from a better 
understanding of the free energy changes involved 
in the binding of a ligand to a protein. In fact, the 
free energy increases steadily as the number of non -
 hydrogen ligand atoms approaches 15, and plateaus 
as the number of non - hydrogen atoms in the ligand 
continues to rise  [37] . 

 Another often cited advantage of FBDD is the 
ability to sample diverse chemical space. The number 
of possible fragments has been estimated at around 
108   [38]  as opposed to 10 60  for discrete drug - like com-
pounds with MW 500. Thus, a collection of even a 
few thousand fragments samples a relatively larger 
proportion of the available pool of entities, thereby 
increasing the chances of identifying hits. 

 Optimising a library toward a particular target is 
also feasible when dealing with only a few thousand 
fragments; for example, rigid fragments and those 
with aromatic rings may target protein – protein 
interactions  [39] . Recent work demonstrates that 
additional key factors to consider when selecting 
fragments include solubility, reactivity and the ten-
dency to aggregate in solution; these characteristics 
can confound data analysis and hinder the ability to 
identify successful binders correctly  [40] . 

 A range of biophysical techniques has been used to 
identify compounds that bind target proteins. The 
most popular techniques for FBDD are X - ray crystal-
lography, nuclear magnetic resonance (NMR), 
surface plasmon resonance and isothermal calorim-
etry  [40] . X - ray crystallography both identifi es frag-
ments that bind to the target and provides detailed 
structural information in a single experiment; 
however, expense precludes the use of X - ray crystal-
lography as a primary screening tool. NMR can be 
utilised effectively to screen fragments against a 
target protein and has become a workhorse of FBDD. 
Saturation transfer difference  [41]  and WaterLOGSY 
 [42]  experiments can identify binding interactions 
between the fragment and protein. Isotopically 
labelled protein is not required, and these methods 
are more effective for larger protein targets. When the 
target protein is relatively small ( < 30,000 Da), tech-
niques such as structure – activity relationships by 
NMR  [43]  can be used to acquire a 2D  1 H -  15 N HSQC 
NMR spectrum of a  15 N labelled protein. A separate 
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4.     mutagenesis resulting in reduced virion 
infectivity.    
 Despite the success of this therapy, less than 50% of 
the patient population exhibit sustained virological 
response (SVR). 

 Since 2008, the FDA has approved two drugs for 
treating HCV infection: boceprevir (2011) and tel-
aprevir (2011), both of which are serine NS3/4A pro-
tease inhibitors. Boceprevir has been approved for 
treating HCV genotype 1 in combination with peg -
 IFN -  α /ribavirin  [54,55] . Boceprevir covalently, yet 
reversibly, binds to the active site of NS3 protease at 
a serine residue (S139) via an  α  - ketoamide, inhibiting 
the activity of HCV genotype 1a and 1b NS3/4A pro-
tease  [56] . In clinical trials with genotype 1 HCV, 
boceprevir taken in combination with peg - IFN -  α /
ribavirin exhibited a SVR higher (63 – 66%) than 
those subjects taking peg - IFN -  α /ribavirin alone 
(38%). Telaprevir has also been FDA - approved for 
treating HCV genotype 1 in combination with peg -
 IFN -  α /ribavirin  [57,58] . Telaprevir inhibits protease 
NS3/4A in the same manner as described for bocepre-
vir. In clinical trials involving patients with genotype 
1 HCV infection, telaprevir taken in combination 
with peg - IFN -  α /ribavirin exhibited an SVR higher 
(79%) than those subjects taking peg - IFN -  α /ribavi-
rin alone (46%). 

 HCV drug discovery is relatively young, with the 
fi rst enzyme - targeting drugs being approved by the 
FDA in 2011. While these new drugs provide alterna-
tives to what has been the standard of the care, they 
both still require co - administration of peg - IFN -  α /
ribavirin and are limited to treating only those with 
genotype 1 HCV infection. Hence, there is still a great 
need for new therapeutics with different modes of 
action that, it is hoped, can treat all genotypes of 
HCV, either alone or in combination with one 
another, but in the absence of peg - IFN -  α /ribavirin. 
Promising targets include NS5A and B inhibitors, 
entry/fusion inhibitors, nucleosides and inhibitors of 
host targets that are integrated in the HCV life cycle, 
such as cyclophilin.  

HIV
 Human immunodefi ciency virus (HIV) is a positive 
sense RNA retrovirus of the family  Retroviridae
which was fi rst identifi ed in 1981. It is transmitted via 
sexual contact, blood and mother - to - child transmis-
sion and primarily infects T - helper cells (CD4 Th 
cells)  [59] . HIV kills T cells by directly killing infected 
cells, increasing the rate of apoptosis in infected cells 
and killing infected cells by cytotoxic CD8 TC cells 

people are chronically infected with HCV, with 3 – 4 
million newly infected people each year, and that 
more than 350,000 people die from hepatitis C - related 
liver diseases each year  [48] . The nucleotide sequence 
of HCV is variable and has been grouped into six 
main genotypes, each with multiple subtypes, based 
on sequence data  [49] . HCV genotypes/subtypes and 
areas of prevalence are as follows:
   North America  –  genotype 1a;  
  South America  –  genotype 1a, 1b, and 3;  
  Europe, Asia  –  genotype 1b;  
  Egypt, Zaire  –  genotype 4;  
  South Africa  –  genotype 5; and  
  Hong Kong  –  genotype 6  [50,51] .    

 HCV infects a liver cell by fi rst binding to surface 
receptors on the host cell membrane  [50,51] . 
Receptor - mediated endocytosis promotes entry of 
the virion into the cell, where it is uncoated and 
releases its positive single - stranded RNA (ssRNA) 
genome. This ssRNA is then translated by host cell 
ribosomes via an internal ribosome entry site into 
a polypeptide that codes for 10 proteins including 
four structural proteins: capsid protein C (genome 
encapsidation), envelope proteins E1 and E2 (glyco-
proteins) and p7 (ion channel). In addition, six non -
 structural proteins are part of this replication: NS2 
(cysteine protease); NS3 (serine protease, RNA heli-
case); NS4A (serine protease co - factor); NS4B (mem-
brane altercations); NS5A (phosphoprotein); and 
NS5B (RNA - dependent RNA polymerase). The 
polypeptide is then cleaved into these 10 functional 
proteins. The NS5B protein then catalyses the replica-
tion of HCV RNA. 

 Unlike hepatitis A and B, there is currently no 
vaccine to prevent HCV infection  [52] . Until 2011, 
the only FDA - approved treatment of HCV infection 
consisted of peg - interferon alpha (peg - IFN -  α ) and 
ribavirin for 48 weeks. IFN -  α  does not act directly on 
the virus or replication complex. Instead it induces 
IFN - stimulated genes, which establish a non - virus -
 specifi c antiviral state within the cell, mediated by 
IFN cell surface receptor subunits, JAK1, TYK2, 
STAT1 and STAT2, and IFN - regulatory factor 9 (IRF -
 9), which leads to the expression of multiple IFN -
 stimulated genes, many of which are related to 
antiviral activity  [53] . Ribavirin is thought to inhibit 
HCV by four proposed mechanisms:
1.     immunomodulation of T - helper - 1 (Th1) over 
T - helper - 2 (Th2) phenotype;  
2.     inhibition of inosine monophosphate dehydroge-
nase leading to guanosine diphosphate depletion;  
3.     direct inhibition of HCV RNA polymerase; and  
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ine exhibited anti - HIV activity (83% virologic re -
sponse) comparable to efavirenz (80% virologic 
response) and superior to etravirine (60% virologic 
response), but offers a more favourable safety and 
tolerability profi le. The other two drugs, nevirapine 
XR (extended release) and Complera, are composed 
of previously approved drugs. 

 HIV drug discovery is a signifi cantly mature fi eld, 
with 35 FDA - approved drugs over 25 years that span 
six mechanisms of action, and many of these can be 
taken in combination with one another in order to 
combat resistance. Challenges that remain include the 
further development of drugs with high barriers to 
resistance such as second generation non - nucleoside 
reverse transcriptase inhibitors and, due to failure to 
cure, a strong safety profi le that can be taken for a 
long period of time. Ultimately, the ability to achieve 
cure and not simply stasis of the disease is desired.  

Central  nervous system therapeutic  area 
Multiple sclerosis 
 Multiple sclerosis is an autoimmune disease affecting 
the brain and spinal cord of people typically between 
the ages of 20 and 40, although it can be diagnosed 
at any age. Caused by damage to the myelin sheath, it 
remains a signifi cant unmet medical need and the 
subject of research at many pharmaceutical and 
biotechnology companies. The majority of patients 
(85%) suffer from the so - called relapsing - remitting 
form of MS in which acute fl are - ups are followed by 
symptom - free periods, often progressing to the sec-
ondary progressive form. 

 The management of MS consists of two lines of 
therapy. In the fi rst, symptoms associated with muscle 
spasms and acute fl are - ups are treated. Use of muscle 
relaxants for spasms and high doses of steroids for 
vision loss are two of the common treatments. Drugs 
used to slow the progression of MS have seen varying 
degrees of success. Most of the currently used thera-
pies involve modulation of the immune system. 
There are a number of different versions of IFN 
β  - 1b, which work by limiting the effects of anti -
 infl ammatory cytokines. There is also evidence that 
they improve the integrity of the blood – brain barrier 
which is generally compromised in MS patients. 
Mitoxantrone is a known anticancer drug prescribed 
for MS based on its immunomodulatory effects. 
Another approved therapy is glatiramer acetate which 
is a random polymer of four amino acids found in 
myelin basic protein. The mechanism of action is 
unknown but several proposals have been put forth. 
One proposal has shown that glatiramer converts 

that recognise infected cells. When the CD4 Th cell 
number decreases below 200 cells/ μ L, the condition 
is categorised as acquired immunodefi ciency syn-
drome (AIDS), during which cell - mediated immu-
nity is lost, and the body becomes progressively more 
susceptible to opportunistic infections  [60] . Accord-
ing to a 2009 UNAIDS report, 60 million people have 
contracted the HIV virus since its discovery in 1981, 
of whom 25 million have died from AIDS - related 
causes, and 33.3 million people are currently infected 
by HIV/AIDS  [61] . There are two types of HIV: 
HIV - 1 and HIV - 2. HIV - 1 is the more virulent and 
infective of the two, and is the predominant HIV 
virus globally, while HIV - 2 is largely restricted to 
West Africa  [62] . 

 HIV infects a T cell by fi rst binding to CD4 surface 
receptors on the host cell membrane  [63] . Fusion 
between the HIV virion and the host is mediated by 
a fusogenic domain in gp41 and CXCR4, a G - protein -
 linked receptor in the target cell membrane. The 
nucleocapsid - containing viral genome and proteins 
then enter the host cell and are released following the 
removal of core proteins. Viral reverse transcriptase 
catalyses the reverse transcription of ssRNA, forming 
RNA - DNA hybrids. The original RNA template is 
then partially degraded, and the synthesis of a second 
DNA strand affords HIV double - stranded DNA. The 
viral double - stranded DNA is then translocated to 
the nucleus and integrated into the host cell DNA by 
the viral enzyme integrase. 

 Currently, there is no cure for HIV infection, nor 
is there any vaccine that protects individuals from 
HIV infection, thus the search continues for new 
therapies. Current treatment entails highly active 
retroviral therapy, which typically consists of com-
binations of drugs that inhibit different proteins in 
the HIV life cycle. These drugs are categorised as 
fusion/entry inhibitors, reverse transcriptase inhibi-
tors, integrase inhibitors and protease inhibitors 
 [64,65] . Since 2008, the FDA has approved four drugs 
for treating HIV  [64] . Three of these are non -
 nucleoside reverse transcriptase inhibitors: etravirine 
(2008), nevirapine XR (2011) and rilpivirine (2011), 
while the fourth is a multi - class combination product 
Complera (a single tablet, fi xed dose combination of 
emtricitabine/rilpivirine/tenofovir disoproxil fuma-
rate) (2011). Etravirine  [66 – 69]  has been approved 
for treating HIV - 1 in combination with other antiret-
roviral agents  [70] . Likewise, rilpivirine  [71,72]  has 
been approved for treating HIV - 1 in combination 
with other antiretroviral agents, and it has the same 
mechanism of action as etravirine  [73] . Rilpivir -
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which targets the B - cell component of the immune 
system. The mechanism is currently unclear, but 
ocrelizumab appears to target a B - cell surface protein, 
CD20, which primes T cells for myelin attack  [82] . 
Continued forward progress in the management of 
symptoms and disease progression will allow patients 
to optimise treatment on an individual basis. Drugs 
that actually repair damage to the myelin sheaths and 
permit some level of neurological restoration will be 
the next desirable addition to the MS pipeline.   

Alzheimer’s disease
 Alzheimer ’ s disease (AD) is the most common form 
of dementia. Prevalence increases dramatically with 
age, with up to 50% of patients over the age of 85 
having been diagnosed with AD. Onset is slow and 
insidious; progression is gradual with the average 
time from onset of symptoms to death being 8 – 10 
years  [83] . 

 Although the exact pathophysiology is unknown, 
there are prominent fi ndings that are characteristic 
of AD, including amyloid plaques, neurofi brillary 
tangles and neuronal degeneration  [84] . Amyloid 
plaques are deposits of beta - amyloid and are believed 
to disrupt neuronal activity by increasing the produc-
tion of free radicals, resulting in oxidative cell damage 
and eventual death of the affected cells. The second 
most prominent fi nding in the brains of patients with 
AD is the formation of neurofi brillary tangles. These 
tangles are primarily composed of tau protein which 
is essential for the growth and development of the 
axons of strong healthy neurones. Tau proteins can 
become hyperphosphorylated and form tangles, thus 
making it more diffi cult for neurones to maintain 
their normal formation of microtubules. It is interest-
ing to note that the number of neurofi brillary tangles 
can be correlated with the severity of dementia (i.e. 
impaired cognition and memory loss)  [83,84] . The 
third characteristic of neuronal degeneration (as well 
as subsequent synapse loss) can be directly correlated 
with the formation of neurofi brillary tangles. The 
death of cholinergic neurones ultimately leads to a 
loss of acetylcholine, necessary for synaptic transmis-
sion, which, in turn, leads to progressive memory 
decline. 

 The loss of cholinergic synapses along with dimin-
ished acetylcholine activity led to the initial develop-
ment of acetylcholinesterase (AChE) inhibitors to 
treat patients with AD. AChE inhibitors help prevent 
the breakdown of the neurotransmitter acetylcholine 
(by the enzyme acetylcholinesterase) in the synapses 
of cholinergic neurones, thus improving cholinergic 

pro - infl ammatory Th1 cells into regulatory Th2 cells 
that are immunosuppressive  [74] . Another proposal 
is that the resemblance to myelin basic protein causes 
glatiramer to decoy the autoimmune response to 
myelin in the myelin sheath  [75] . Glatiramer acetate, 
unlike the other treatments, has shown no effective-
ness in halting disability progression and thus has 
been approved only for reducing the frequency of 
relapses  [76] . 

 One of the more signifi cant advances occurred in 
2004 with the approval of natalizumab (Tysabri). 
Natalizumab is a humanised monoclonal antibody 
that acts against the cellular adhesion molecule  α 4 -
 integrin to prevent penetration of the blood – brain 
barrier by infl ammatory cells. It has shown effi cacy 
in preventing relapse, vision loss and cognitive 
decline. Serious side effects are known, especially if 
co - dosed with interferon, and have muted enthusi-
asm for natalizumab. However, it has shown a signifi -
cant improvement in quality of life for those MS 
patients who can tolerate it. 

 The success of these medications, and their limita-
tions, continue to drive efforts to identify novel treat-
ments that are effi cacious and orally bioavailable. 
Two such drugs approved in 2010 are fi rst in class 
molecules that extend the mechanism - based approach 
to MS treatments. Dalfampridine is the fi rst drug 
approved by the FDA to improve walking in patients 
with MS. A voltage - gated potassium channel blocker, 
it acts by readily penetrating the blood – brain barrier 
and increasing the conduction and duration of action 
potential across nerve fi bres. The result is improved 
functionality of the damaged myelinated fi bres and 
improved locomotion  [77] . 

 The second new drug to be released in 2010 was 
fi ngolimod hydrochloride. A series of studies  [78,79]  
showed that fi ngolimod is converted to fi ngolimod 
phosphate by sphingosine kinase - 2 and this phos-
phate binds to multiple sphingosine - 1 - phosphate 
(S1P) receptors. Binding to the S1P1 receptor leads to 
internalisation of the receptor and sequestration of 
autoimmune reactive T cells in the lymph nodes. 
Because these T cells are believed to be responsible 
for the infl ammation and myelin sheath damage 
observed in MS, their reduced circulation leads to 
improved symptom management and signifi cant 
reduction in disease progression  [80,81] . 

 Despite these advances, MS remains a debilitating 
disease and an active area of research in both academia 
and industry. Indeed, several new drugs are in various 
stages of clinical trials and are utilising new concepts 
in the biology of MS. One such drug is ocrelizumab 
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protein to form beta - amyloid peptides. It is believed 
that inhibition of this enzyme would decrease beta -
 amyloid production. Past research strategies have 
focused on selective inhibitors of gamma - secretase, 
but these have resulted in the accumulation of a 
potential neurotoxin; therefore, much of the focus 
has shifted to BACE. Some research fi ndings involv-
ing BACE inhibitors have found that when covalently 
linked to a peptide that promoted transport into the 
brains of mice, levels of beta - amyloid in plasma and 
brain were signifi cantly lower post - intraperitoneal 
administration. Such a result suggests that an orally 
active BACE inhibitor able to cross the blood – brain 
barrier would lower beta - amyloid levels in the brain. 
The key feature of the most active BACE inhibitors is 
the ability to mimic a transition state at the active site, 
thus conferring low nanomolar potency  [83,88] . 

 Glycogen synthase kinase - 3 (GSK - 3) is a proline -
 directed serine/threonine kinase that is involved in 
the phosphorylation of a number of substrates affect-
ing numerous cellular functions. GSK - 3 inhibition 
has become a subject of interest because of its role in 
the phosphorylation of tau protein which, in turn, is 
directly involved in beta - amyloid formation. Chal-
lenges involved in developing an effective GSK - 3 
inhibitor will be those of selectivity and the ability 
to cross the blood – brain barrier. Because GSK - 3 is 
involved in many cellular processes, the issue of selec-
tivity will be very important, especially to avoid toxic-
ity in a clinical setting. Two classes of compounds that 
have been prominent in the literature surrounding 
GSK - 3 inhibition are the indirubins and maleimides. 
While both classes have shown activity in kinase inhi-
bition, fi nding a GSK - 3 specifi c inhibitor has been 
challenging work. To date, neither class has a repre-
sentative GSK - 3 specifi c agent ready to enter the 
market. It is interesting to note that other established 
drugs may have the added mechanism of GSK - 3 inhi-
bition as part of their pharmacological activity. 
Donepezil, currently marketed as an AChE inhibitor, 
was shown to reduce tau phosphorylation in a study 
using primary cortical neurone cultures treated with 
donepezil and challenged with beta - amyloid. This 
result suggests GSK - 3 inhibition as a potential mech-
anism. Olanzapine, an atypical antipsychotic agent, 
has demonstrated GSK - 3 inhibition in the brains of 
mice and has since been shown to be a potent inhibi-
tor of GSK - 3 (beta isoform). Other existing drugs 
of interest as GSK - 3 inhibitors include cimetidine, 
hydroxychloroquine and gemifl oxacin  [88,89] . 

 To date, current therapies in the treatment of AD 
have only been able to address the symptoms of the 

transmission in the surviving neurones  [83] . AChE 
inhibitors were the fi rst agents to be approved by the 
FDA in the treatment of AD and include donepezil, 
rivastigmine, galantamine and tacrine. All of these 
are indicated for mild - to - moderate symptoms of AD. 
Donepezil is also indicated for moderate - to - severe 
symptoms and is available as an orally disintegrating 
tablet for patients who have trouble swallowing. A 
transdermal patch is an alternative to oral dosing in 
patients taking rivastigmine. Tacrine is rarely used in 
current therapeutic regimens due to its rigid dosing 
schedule and potential for causing hepatotoxicity 
 [83,85] . 

N  - methyl -  d  - aspartic acid (NMDA) antagonists 
have been the most recent agents to be approved for 
treating AD. The drug memantine is indicated in the 
treatment of moderate - to - severe symptoms of AD. It 
is surmised that by blocking the NMDA receptor, 
over - stimulation of the glutamatergic system is pre-
vented. Because excess glutamate has been shown 
to lead to destruction of cholinergic neurones, the 
reduced levels of glutamate may prevent neurotoxic-
ity without interfering with the role of glutamate in 
normal memory  [83,85] . 

 It is important to note that existing therapies do 
not reverse the progression of AD, but only slow the 
worsening of symptoms and improve quality of life. 
A principal thrust of current research seeks to inves-
tigate ways to prevent, slow or possibly cure AD. 

 Muscarinic agonists (especially M1 muscarinic 
receptor agonists) have been of interest in the fi ght 
against AD because they may prevent beta - amyloid 
formation via activation of alpha - secretase. If ulti-
mately effective, these agents would have the potential 
to treat memory defi cits as well as halt the disease 
process itself. Although none is currently marketed 
for AD, several muscarinic agonists have shown 
promise and are under investigation. Xanomeline, 
CDD - 0102A, cevimeline and talsaclidine are M1 
agonists currently under investigation. In 2009, the 
FDA allowed further clinical development of CDD -
 0102A to take place. At last report, the compound 
was in clinical trials and re - designated as MCD - 386. 
Cevimeline has been used in the treatment of xeros-
tomia (i.e. dry mouth) associated with Sj ö gren ’ s syn-
drome, but its selectivity for muscarinic receptors is 
of great interest in AD. Interestingly, both cevimeline 
and talsaclidine have shown the ability to promote 
clearance of beta - amyloid from the cerebrospinal 
fl uid of AD patients  [86,87] . 

 Beta - secretase (BACE) is an aspartic protease that 
cleaves the type I transmembrane amyloid precursor 



16 Chapter 1 

 Angiotensin converting enzyme (ACE) inhibitors 
and angiotensin II receptor blockers (ARBs) have 
long been prescribed for management of hyper-
tension. The renin – angiotensin – aldosterone system 
regulates blood pressure; ACE inhibitors interrupt the 
conversion of angiotensin I to angiontesin II to mini-
mise vasoconstriction and prevent high blood pres-
sure. Aliskiren, introduced in 2007, represents a 
fi rst - in - class treatment for its direct suppression of 
renin upstream of the ACE/ARBs  [97,98] . Aliskiren is 
differentiated from existing treatments by its long 
duration of action (24 - hour half - life) and reduction 
in the incidence of side effects (e.g. angioedema and 
coughing). However, high doses of aliskiren can result 
in diarrhoea. By contrast, clevipidene is a very short 
duration vasodilator used primarily for urgent treat-
ment of hypertension during surgery  [99,100] . Intro-
duced is 2008, clevipidine is a calcium channel 
blocker administered intravenously and is so rapidly 
eliminated from the bloodstream that the dose can be 
titrated against the patient ’ s blood pressure. In prac-
tice, the target blood pressure is reached within 30 
minutes of administration. Common side effects 
include nausea, vomiting and headaches. 

 Hereditary angioedema is a rare but potentially 
life - threatening disorder when swelling occurs in the 
upper airway. Two new drugs for treatment of heredi-
tary angioedema were introduced: ecallantide (2010, 
a 60 amino acid recombinant protein)  [101,102]  
and icatabant (2008, a peptidomimetic)  [103,104] . 
Both work to control bradykinin which, when present 
in elevated concentrations, leads to vasodilation 
and hypotension. Icatabant is a selective  β2  receptor 
antagonist while ecallantide inhibits plasma kal-
likrein, an immediate precursor of bradykinin, in the 
renin – angiotensin – aldosterone system system. 

 Three new treatments have recently been launched 
for the treatment of atherothrombotic events associ-
ated with acute coronary syndrome. Rivaroxaban 
(2008) is a highly potent inhibitor of factor Xa which 
is responsible for the conversion of prothrombin to 
thrombin during coagulation  [105,106] . Prasugrel 
(2009) is employed for antiplatelet therapy and is a 
third generation thienopyridine following in the 
footsteps of clopidogrel  [107,108] . Prasugrel inhibits 
platelet aggregation and is 10 times more effi cacious 
than clopidogrel. Thienopyridine drugs irreversibly 
bind to the P2Y 12  receptor. Ticagrelor (2010) differs 
in that it is reversibly bound to the same receptor and 
as such the risk for uncontrolled bleeding is reduced 
 [109,110] .  

disease rather than its underlying aetiology. Contin-
ued research and emphasis on development of com-
pounds that can combat the biological mechanisms 
seen in AD are of greatest importance. Specifi cally, 
research focused on medicinal agents that can prevent 
the formation of neuritic plaques or neurofi brillary 
tangles (or hasten their clearance) is key in the fi ght 
against AD.  

Cardiovascular  disease
 Two new medicines were approved for treatment of 
atrial fi brillation (AF) which accounts for approxi-
mately 35% of arrhythmia - related hospitalisations in 
the USA annually. In combination with electrical car-
dioversion, anti - arrhythmic drugs are used to main-
tain a normal sinus rhythm. The standard of care for 
AF is amiodarone, whose effi cacy is believed to arise 
from a combination of effects. It has been shown to 
prolong certain cardiac action potentials, possess ion 
channel effects  –  both sodium and potassium  –  and 
bind to the nuclear thyroid receptor. Undoubtedly, 
these combinations of activities contribute to its use-
fulness, but also to its side effects. These include inter-
stitial lung disease, pulmonary fi brosis and abnormal 
thyroid function, due to high iodine content. Dron-
edarone , an analogue of amiodarone, was introduced 
in 2009. It is a potassium ion channel blocker that 
has lower effi cacy but fewer side effects than amio-
darone  [90] . The reductions in side effects are related 
to reduced lipophilicity, reduced half - life and the 
absence of iodine in dronedarone. Vernakalant is also 
a potassium channel blocker which was introduced 
for treatment of AF in Europe in 2010  [91 – 94] . Ver-
nakalant has been used successfully to treat 51% of 
patients with short duration paroxysmal AF (up to 7 
days) but is far less effective (8% of patients) in treat-
ment of persistent AF. 

 In the fi eld of lipidaemia there has been relatively 
little progress in terms of newly approved drugs. 
Choline fenofi brate was introduced in 2008 and is 
used in combination with a statin to increase levels 
of high - density lipoprotein cholesterol and lower 
concentrations of triglycerides in patients with mixed 
dyslipidaemia and coronary heart disease  [95,96] . As 
a stand alone treatment it is indicated for patients 
with severe hypertriglyceridaemia. Choline fenofi -
brate is a salt form of fenofi bric acid, an active metab-
olite of fenofi brate which was previously marketed 
for treatment of hypercholesterolaemia. As such, the 
mechanism of action of choline fenofi brate is consist-
ent with fenofi brate. 
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infl ammatory process. Rofl umilast is indicated for 
maintenance treatment of severe COPD associated 
with chronic bronchitis in adult patients with a 
history of frequent exacerbations as an add on to 
bronchodilator treatment  [131,132] . 

 Pharmacological therapy is used to prevent and 
control symptoms, reduce the frequency and severity 
of exacerbations, improve health states and improve 
exercise tolerance in patients with COPD. While 
existing drugs do not modify the long - term decline 
in lung function or disease progression  [133] , these 
shortcomings should not preclude efforts to use med-
ications to prevent or reduce symptoms.  

Diabetes
 Diabetes mellitus is a group of metabolic diseases for 
which there is no true cure; however, all forms of the 
disease are treatable. The administration of insulin 
through external sources, the preferred treatment for 
type 1 diabetes, aids the body in processing blood 
glucose levels by providing a source of the hormone 
that is, in many cases, no longer secreted by the 
pancreas. Because of the structural nature of insulin 
and the related peptidic hormone amylin, oral 
administration of hormone - based drugs is ineffec-
tive: peptide - based drugs typically have poor phar-
macokinetic and ADMET properties. Therefore, 
drugs in this class are chiefl y injectables, although 
recent years have seen advances in formulations that 
offer hope for the development of oral insulin  [134] . 
The vast majority of diabetes patients present with 
type 2 disease, where insulin levels may be insuffi cient 
to diminish the blood sugar concentration of patients. 
Those with type 2 diabetes are treated with a variety 
of pharmaceuticals developed specifi cally to combat 
the disease, which include combinations of newer 
medications with older therapeutics  [135] . Attributes 
of non - related classes of therapeutics have positioned 
these entities for the treatment of type 2 diabetes as 
well. For example, colesevelam, a bile acid seques-
trant, proved to lower blood sugar levels and was 
approved by the FDA in 2008; the orally administered 
drug is not absorbed by the body and therefore must 
function within the digestive tract  [136] . Another 
such example, approved in 2009, is bromocriptine, a 
powerful D2 dopamine receptor agonist that lowers 
blood sugar levels in patients.  [137] . 

 Glucagon - like peptide 1 (GLP - 1) is a digestive pro -
 hormone secreted by L cells found in the intestinal 
wall and metabolised into the active forms GLP - 1 - 
(7 - 37) and GLP - 1 - (7 - 36), all of which are under 

Chronic  obstructive pulmonary disease
 Chronic obstructive pulmonary disease (COPD) is a 
chronic infl ammatory disease that is characterised 
by increased numbers of neutrophils, macrophages 
and T lymphocytes  [111]  present in the proximal 
airways, lung parenchyma and lung vasculature 
 [112] . Repeated injury and repair leads to progressive 
structural changes that increase with disease severity 
 [113] . COPD was ranked as the sixth leading cause of 
death worldwide in 1990 and is projected to be the 
fourth leading cause of death by 2030 because of an 
increase in smoking rates and demographic changes 
in many countries  [114] . 

 Bronchodilator medications are central to the 
symptomatic treatment of COPD  [115 – 118] . They 
are given either on an as - needed basis for relief of 
persistent or worsening symptoms or on a regular 
basis to prevent or reduce symptoms. Acute applica-
tion of inhaled glucocorticosteroids is appropriate 
for patients with severe COPD accompanied by 
repeated exacerbations  [119 – 122] ; however, chronic 
treatment is discouraged because of a plethora of 
potential side effects including neutrophilia, hyperg-
lycaemia, immunodefi ciency and steroid myopathy, 
which contributes to respiratory failure in advanced 
COPD cases  [123 – 125] . Recently, two new molecular 
entities received regulatory approval from the FDA 
and European Medicines Agency (EMA). A new 
bronchodilator approved for COPD, indacaterol acts 
as an agonist on the  β2  - adrenoceptor. This agonism 
causes smooth muscle relaxation resulting in dilation 
of bronchial passages  [126,127] . Indacaterol is an 
ultra - long - acting agent with duration of action suit-
able for once - a - day dosing. It is supplied as the 
maleate salt in an aerosol formulation and is admin-
istered via a dry powder device  [128] . Recently 
approved for COPD, the anti - infl ammatory rofl umi-
last is a selective, orally active PDE - 4 inhibitor. The 
selectivity observed with rofl umilast is in contrast 
to long - used theophylline, a non - selective PDE in -
hibitor, and is refl ected in the improved side effect 
profi le of rofl umilast. Interestingly, the improvement 
observed with rofl umilast may be brought about by 
an appropriate balance between binding at low -  and 
high - affi nity sites on PDE - 4 and not simply isozyme 
specifi city  [111,129] . PDE - 4 is expressed in several 
tissue types involved in diseases of the airway and is 
known to have a role in infl ammation  [130] . Inhibi-
tion of PDE - 4 blocks the hydrolysis of cyclic adeno-
sine monophosphate (cAMP), leading to elevated 
levels of cAMP, which in turn downregulates the 
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during testing of saxagliptin  [141] . Linagliptin, 
another DPP - 4 inhibitor, emerged in 2011. Again, 
based upon studies of the toxicity of linagliptin, 
the benefi cial affects outweighed the small risk of 
tumour development associated with the class of 
molecules  [142] .  

Osteoporosis 
 Osteoporosis is a disease characterised by low bone 
mass and structural deterioration of bone tissue 
that gradually weakens bones and often leads to 
painful and debilitating fractures.  [143 – 148]  Bone 
remodelling, the process through which bone tissue 
continuously renews and changes, is essential for 
adult bone homeostasis. The remodelling cycle con-
sists of two distinct stages: bone resorption and bone 
formation. During bone resorption, surface osteo-
clasts dissolve bone tissue and create small cavities. 
During bone formation, osteoblasts then refi ll these 
cavities with new bone tissue. The failure or disrup-
tion of this process often leads to the development of 
osteoporosis  [149] . Progress in understanding the 
bone remodelling process has been at the core of 
efforts leading to the discovery of drugs for the treat-
ment of osteoporosis  [150] . These drugs may stimu-
late bone formation, such as teriparatide, or may 
retard bone resorption, such as the selective oestro-
gen receptor modulator raloxifene and salmon calci-
tonin products. 

 Bisphosphonates have been the drugs of choice for 
preventing and treating osteoporosis over the last 20 
years  [151] . Studies indicate that these drugs are 
effective and safe for at least 10 years but note that 
bone loss does continue, albeit at a reduced rate. This 
continued loss is believed to result from the interrup-
tion of bone remodelling which ultimately impairs 
the bone formation portion of the process  [152] . 
Complications have been reported with prolonged 
use of bisphosphonate drugs. The most serious, but 
rare, side effects are bone loss in the jaw (osteonecro-
sis)  [152] , a possible increase in the risk of unusual 
fractures of the thigh bones (femur) and atrial fi bril-
lation  [153,154] . In general, the benefi ts of bisphos-
phonates outweigh the risks they present. Nonetheless, 
the FDA continues to monitor the long - term effects 
of this important class of therapeutics. 

 Denosumab was approved by the FDA in 2010 for 
the treatment of osteoporosis. It has a novel mecha-
nism of action, improved dosing convenience and 
provides an alternative to bisphosphonate drugs. 
Denosumab is the fi rst human monoclonal antibody 
that inhibits the formation, function and survival of 

investigation as therapeutics for type 2 diabetes. 
GLP - 1 seems to retard apoptosis of pancreatic  β  - cells 
thereby increasing the secretion of insulin, as needed, 
during postprandial periods; unfortunately, the active 
forms of GLP - 1 are very short - lived in the body with 
an estimated half - life of less than 2 minutes  [138] . 
GLP - 1 (and its active forms) not only upregulate 
insulin secretion, but they also slow  ‘ gut emptying ’  
which delays the digestion and uptake of carbohy-
drates after eating. This effect promotes satiety thus 
delaying the desire to eat and subsequent need for 
insulin production. In 2010, a GLP - 1 mimic, liraglu-
tide, was approved by the FDA for use in patients with 
type 2 diabetes in the USA; it had been previously 
approved for use in Europe in 2009. Liraglutide is a 
mimetic of human GLP - 1 - (7 - 37) that has been modi-
fi ed through the addition of a fatty acid residue to the 
peptidic backbone of the hormone. This change pro-
motes binding with albumin in the bloodstream and 
subcutaneous tissues resulting in sequestration that 
extends the half - life of the drug to nearly 12 hours. 
Liraglutide is released from the albumin at a slow 
steady pace to maintain insulin concentration at effi -
cacious levels  [139] . 

 Entities with modes of action related to human 
GLP - 1 are also of interest. Exenatide is a synthetic 
form of exendin - 4, a hormone found in the saliva of 
Gila monsters, which stimulates pancreatic activity. 
Exenatide has approximately 50% amino acid homol-
ogy to human GLP - 1 and displays a prolonged  in vivo
half - life. In 2005, exenatide was approved as an inject-
able medication for the treatment of type 2 diabetes; 
it was originally used in conjunction with other oral 
drugs for the control and treatment of elevated blood 
glucose concentration. 

 While increasing the amount of GLP - 1 or mimick-
ing its mode of action in the body achieves the desired 
affects for treatment of type 2 diabetes, another tactic 
that has gained momentum is to prevent the metabo-
lism of GLP - 1. It has been shown that dipeptidyl 
peptidase - 4 (DPP - 4) is critical in the degradation of 
GLP - 1 and inhibitors of DPP - 4 therefore prolong the 
half - life of active forms of GLP - 1 in the bloodstream. 
Recently, small molecules that modulate DPP - 4 have 
been developed to delay the breakdown of hormones 
crucial to the stimulation of pancreatic  β  - cells. These 
drugs not only increase serum GLP - 1 levels, but they 
also can be administered orally  [123 – 125] . The fi rst 
of the DPP - 4 inhibitors, sitagliptin, was released in 
2006  [140] , with saxagliptin following in 2009. While 
there is a risk that DPP - 4 inhibitors do promote pro-
gression of some cancers, few side effects were noted 
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duction by up to 99%. Acid production recovers as 
the enzymes are destroyed and recycled through 
typical metabolism  [159] . Dexlansoprazole, which is 
an enantiopure form of lansoprazole (Prevacid), was 
approved for use in the USA in 2009  [160] . 

 Lower gastrointestinal tract infl ammation is 
usually classifi ed as infl ammatory bowel diseases and 
is normally diagnosed as either ulcerative colitis or 
Crohn ’ s disease. Ulcerative colitis is typically restricted 
to the colon and rectum and affects only the inner-
most layers of the organs. It differs from Crohn ’ s 
disease as it is usually restricted to the colon and last 
parts of the gastrointestinal tract, whereas Crohn ’ s 
disease can be found almost anywhere throughout 
the lower gastrointestinal tract  [161] . 

 Treatment of ulcerative colitis has traditionally 
been through the use of anti - infl ammatory drugs or 
via immunosuppressive agents and, in some cases, 
through a combination of the two types of drugs. 
Corticosteroids, sulfasalazine and mesalamine are 
common anti - infl ammatories used to treat the 
disease, with mesalamine being the preferred com-
pound prescribed  [162] . Immunosuppressants such 
as infl iximab and ciclosporin are also used to treat the 
disease but, as they are systemically active, additional 
concerns accompany these treatments. 

 Crohn ’ s disease is more widely distributed along 
the gastrointestinal tract and has signifi cantly differ-
ent pathology from ulcerative colitis; fevers, fi stulae 
and weight loss are common with Crohn ’ s disease. It 
also affl icts deeper layers of tissue in the gastrointes-
tinal tractthan does ulcerative colitis. There is no cure 
for Crohn ’ s disease, but it can be managed with 
several of the same drugs that are prescribed for 
ulcerative colitis. Anti - infl ammatories have been used 
to combat some of the symptoms of Crohn ’ s disease, 
but mesalamine is typically not effective for fl are - ups 
outside of the large intestine. Fortunately, the disease 
seems to respond better to immunosuppressive medi-
cations, such as infl iximab and ciclosporin  [163,
164] . Recently, monoclonal antibody treatments have 
moved to the forefront of treatments for patients with 
Crohn ’ s disease. These molecules, which bind to 
TNFα , have recently been approved for use in the 
USA, although the European market is still hesitant 
to move some of the antibodies to market because 
of safety concerns. By binding to TNF α  these medi-
cations downregulate the infl ammation response, 
which helps to relieve symptoms. Because TNF α  is 
regulated by the body ’ s immune system, these drugs 
are still immunosuppressive and their dosing regi-
mens are typically short to prevent further damage to 

osteoclasts. Elucidation of this new mode of action 
started with fi ndings that tumour necrosis factor 
(TNF) increased the formation of osteoclasts  [155] . 
Later, researchers identifi ed a novel soluble TNF 
receptor, eventually named osteoprotegerin (OPG), 
which increased bone density by decreasing bone 
resorption  [155] . Further studies showed that the 
TNF - like molecule receptor activator of nuclear 
factor - kB ligand (RANKL), existing in both trans-
membrane and soluble forms, was an OPG ligand. 
RANK – RANKL binding stimulates the differen-
tiation, activity and survival of osteoclasts to am -
plify bone resorption. Denosumab binds RANKL 
thereby preventing the RANK – RANKL interaction, 
and encouraging bone formation through the OPG -
 mediated inhibition of bone resorption. Long - term 
studies are underway to address concerns regarding 
the effects of prolonged suppression of bone turnover 
as well as possible adverse effects on the immune 
system that might lead to increased risk of infection 
or malignancy.  

Gastrointestinal  diseases
 Traditionally, the human gastrointestinal tract is 
divided into two parts: the upper gastrointestinal 
tract stretches from the mouth to the duodenum and 
the lower gastrointestinal tract extends from the 
jejunum to the rectum  [156] . Infl ammation of the 
upper gastrointestinal tract, referred to as oesophagi-
tis in the oesophagus and gastritis in the stomach or 
collectively as gastroesophogeal refl ux disease, can 
result from a variety of reasons, the two most 
common being allergic reactions and refl ux of 
stomach acid into the oesophagus  [157] . One of the 
earliest treatments for upper gastrointestinal tract 
infl ammation was the development of the H2 -
 antagonists that bind to histamine - 2 receptors in the 
parietal cells of the stomach  –  the cells that control 
the secretion of acid in the stomach. These com-
pounds act as inverse agonists of the histamine 
receptor - 2, which is a molecule that binds to the same 
receptor as the agonist, but induces a response oppo-
site to that of the agonist, in this case, histamine 
 [158] . The H2 - receptor antagonists were replaced by 
the proton - pump inhibitors. These compounds bind 
to the hydrogen/potassium adenosine triphosphatase 
(H+ /K +  ATPase, more commonly referred to as the 
 ‘ proton pump ’ ) system in the parietal cells of the 
stomach ’ s lining. The proton pump is at the end of 
the acid secretion step, and is therefore a logical target 
for lowering acid secretion. These compounds bind 
irreversibly to the enzyme, thus lowering acid pro-
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scaffolds for intermolecular interactions and offer a 
means of selectively modulating protein targets of 
therapeutic interest. Oligonucleotides with the 
desired binding properties are iteratively selected and 
enzymatically amplifi ed from a complex library 
(SELEX  –  Systematic Evolution of Ligands by EXpo-
nential enrichment  [176,177] ). 

 Aptamers, like monoclonal antibodies, can be 
selected for binding to multiple targets, but, unlike 
antibodies, can be synthesised chemically, thus 
simplifying manufacturing. One aptamer drug, 
pegaptanib, is currently marketed for the treatment 
of age - related macular degeneration, and a number 
of others are currently in clinical development 
 [34,35,178] . 

 Oligonucleotide - based therapeutics, like all drug 
classes, face challenges of  in vivo  stability, uptake, tox-
icity and delivery. Incorporation of chemically modi-
fi ed nucleotides can address stability and cellular 
uptake  [175,178,179] . Such modifi cations are toler-
ated differently in the four classes. Antisense and 
siRNA oligonucleotides are the least tolerant of 
changes, as both base - pairing and interaction with 
cellular enzymes must be preserved. Steric - blocking 
oligonucleotides tolerate somewhat more chemical 
diversity, for while they must retain base - pairing 
properties, functional interactions with cellular 
enzymes do not need to be preserved. Aptamers 
accommodate the most chemical diversity, as long as 
the desired binding properties are maintained. Con-
jugation of polymers such as polyethylene glycol 
(PEG) is frequently used to reduce renal fi ltration 
rates and prolong systemic circulation times of 
oligonucleotides  [179] . Off - target toxicities of oligo-
nucleotides include anticoagulation, complement 
activation and innate immune stimulation, and 
may be addressed by strategies including chemical 
modifi cation and dose limitations  [179,180] . The 
two approved oligonucleotide - based drugs, fomi-
virsen and pegaptinib, are both delivered locally by 
intravitreal injection, and effective formulation for 
systemic delivery of oligonucleotides remains an 
active research area. 

 In summary, oligonucleotide - based drugs are 
poised to join protein biologics in the pantheon of 
macromolecular therapeutics. Their mechanistic ver-
satility holds the potential of impacting previously 
undruggable targets, and thus of effi cacy in hereto-
fore untreatable diseases. Full realisation of this 
promise will depend upon continued innovation in 
translating mechanistic rationale to clinical reality. 

the autoimmune system  [163,164] . While they are 
not cures, remission of the disease has been reported. 
Certolizumab pegol is a pegylated antibody that was 
approved for use in the USA in 2008 and then for use 
in Europe in 2009  [165] . Adalimumab (Humira) was 
the fi rst fully human monoclonal antibody treatment 
approved for use against infl ammation diseases 
 [166] ; in 2007, it was approved for treatment against 
Crohn ’ s disease  [167] .   

Oligonucleotide-based therapeutics 

 Non - biological oligonucleotides employed as macro-
molecular therapeutics can address targets beyond 
the proteins classically modulated by small molecule 
drugs. Three major mechanistic classes  –  antisense, 
small interfering RNA (siRNA) and steric - blocking 
oligonucleotides  –  target gene - specifi c pre - mRNA or 
messenger RNA (mRNA) carriers of genetic informa-
tion from the chromosomes to the ribosomal protein 
production apparatus. Aptamers, folded olignucle-
otides that bind to various molecular targets, com-
prise a fourth class. 

 The fi rst three classes rely on base - pairing with the 
target mRNA, and are designed to have genetic com-
plementarity to the target mRNA sequence. Antisense 
and siRNA oligonucleotides modulate protein pro-
duction by inducing enzymatic degradation of the 
targeted mRNA, resulting in reduced production or 
removal of the encoded protein (e.g. an oncogene -
 encoded protein or a pro - infl ammatory cytokine). 
Targeting of a specifi c RNA by a single - stranded 
antisense oligonucleotide was fi rst described in 
1978  [168] . siRNA oligonucleotides, double - stranded 
RNA fragments that are 21 – 22 nucleotides long, 
mediate degradation of the targeted mRNA by 
recruiting the multiprotein RNA - induced silencing 
complex, a process fi rst described in nematodes and 
subsequently demonstrated in human cells  [169,
170] . Steric - blocking oligonucleotides modulate 
protein production by preventing access of cellular 
enzymes to the target mRNA, resulting in altered 
processing of pre - mRNA to the mature species, 
reduced protein translation or other changes in RNA 
function  [171,172] . Representatives of all three classes 
are being developed as therapeutic candidates, and 
one antisense drug, fomivirsen, has received FDA 
approval for treatment of cytomegalovirus - induced 
retinitis  [173 – 175] . Aptamers, single - stranded oligo-
nucleotides that fold in complex shapes, serve as 
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Neglected tropical  diseases
 Neglected tropical diseases (NTDs) are infectious dis-
eases such as malaria, tuberculosis, diarrhoeal dis-
eases, fi lariasis, various helminthiases and those 
caused by kinetoplastids such as sleeping sickness, 
leishmaniasis and Chagas disease. NTDs affect over 1 
billion people in developing regions of Africa, Asia 
and the Americas  [195] . Because individuals in the 
regions affected are poor, their health systems have 
very limited resources and political capacity to infl u-
ence global policy makers. There is also very little 
incentive for major pharmaceutical companies to 
develop basic treatments for these limited markets. 
For example, of the 1393 NCEs approved between 
1975 and 1999, only 16 targeted NTDs  [196] . Nine 
were targeted to the most neglected while the rest 
were developed for malaria and tuberculosis, which 
along with HIV account for 80% of all R & D spending 
in this fi eld  [197] . A more recent study has refi ned the 
number of new NTD approvals during this period to 
46, with 85% of these being placed on the WHO 
Essential Drug List  [198] . 

 Investments in NTD drug development have 
increased dramatically in the past decade  [199]  and a 
signifi cant proportion of these advancements are 
channelled through product development partner-
ships such as TB Alliance, DNDi for kinetoplastids 
and Medicines for Malaria Venture which bring 
together industry expertise and other partners with 
NTD experiences. A recent survey identifi ed 173 drug 
products that are in various phases of development 
for treatment of NTDs  [200] . However, the actual 
number of new drug approvals for NTDs from 2007 
to 2012 is limited because of the relatively recent 
increase in R & D spending. Medicines for Malaria 
Venture has an impressive portfolio of new treat-
ments launched in the past 4 years for uncomplicated 
malaria exemplifi ed by various combinations such 
as Coartem, ASAQ, Eurartesim and Pyramax  [201] . 
Tafenoquine for relapsing malaria, the synthetic per-
oxide (OZ439) and a spiroindolone (NITD609) rep-
resent novel classes of compounds that are in clinical 
development. With a robust portfolio of new malaria 
compounds and advancement in understanding of 
parasite biology, the goal has shifted from treatment 
to eradication  [202] . TB Alliance is currently manag-
ing a portfolio of over 20 development products 
with three new drugs in late stage development 
 [203] . TMC207 is a fi rst - in - class diarylquinoline 
compound that inhibits bacterial ATP synthase. 
PA - 824 is a pro - drug of the nitroimidazole class 

Orphan  diseases
 Diseases that affect a limited population are collec-
tively termed  ‘ orphan ’  or  ‘ rare ’  diseases and, like the 
neglected tropical disease, have remained an attractive 
area for drug discovery research  [181] . Since 2008, 
over 750 drugs have gained orphan drug designation 
with 78 receiving approval by the FDA  [182]  for treat-
ment of orphan indications; in the same period, 22 
drugs have received European marketing approval for 
treatment of orphan indications. Reasons for devel-
oping a new drug, or repurposing an existing drug, for 
an orphan indication vary, but it is widely accepted 
that the associated economic incentives, as established 
by the US Orphan Drug Act (1983) and adopted by 
the European Commission (2000), have stimulated 
efforts in this area  [183,184] . In addition, the aca-
demic community has taken increasing interest in 
these diseases, in some cases via industrial part-
nerships, thus furthering the successes of research 
efforts  [185,186] . Furthermore, the emergence of 
disease - focused philanthropic groups (e.g. the Cure 
Huntington ’ s Disease Initiative, the Michael J. Fox 
Foundation for Parkinson Disease and ALS Founda-
tion), academic consortia (e.g. Drugs for Neglected 
Diseases initiative  –  DNDi) and the establishment of 
the National Institutes of Health Therapeutics for 
Neglected and Rare Diseases (TRND) programme 
have contributed to a recent, increased focus on these 
diseases. As a testimony to this focus, TRND has solic-
ited proposals for collaborations since its inception in 
2009 and is currently pursuing programmes in sickle 
cell disease, acute myeloid leukemia, Duchenne mus-
cular dystrophy and Niemann – Pick disease  [187] . 

 While the majority of drugs approved for orphan 
diseases have been repurposed from other indica-
tions, new drugs specifi cally targeted to an orphan 
disease are beginning to emerge. One such example 
is eltrombopag, a thrombopoietin receptor agonist 
which has been developed for treatment of chronic 
immune thrombocytopenic purpura (ITP)  [188,189] . 
ITP is an acquired disease characterised by low plate-
let count and occurs at a rate of 2 – 6 per 10 5  individu-
als annually  [190] . An acute form of the disease in 
children is normally self - curative, but chronic ITP 
carries more signifi cant long - term health challenges 
with surgical removal of the spleen as an alternative 
treatment in severe cases  [191] . Eltrombopag was 
approved by the FDA for treatment of chronic ITP in 
2008  [192]  and by the EMA in 2010  [193] , and may 
also be effective in treatment of thrombocytopenia in 
patients with HCV infection  [194] .  
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tion techniques. Pharmaceutical companies are 
harnessing the potential of natural products by 
including research efforts based on traditional medi-
cines of specifi c regions of the world  [210] . In fact, a 
total of 19 natural product - based drugs were approved 
between 2005 and 2010. 

 The success of natural products as leads for 
approved drugs has been achieved in the therapeutic 
areas of oncology, antibacterials and pain manage-
ment. A recent review on natural products in drug 
discovery highlights some of these drugs in more 
detail  [211] . For example, everolimus, an mTOR 
inhibitor derived from sirolimus, a natural product 
immunosuppressant perhaps better known as ra -
pamycin, has been approved as both an immuno-
suppressant and for use in treatment of advanced 
renal cell carcinoma. Telavancin, a synthetic deriva-
tive of the natural product vancomycin, has been 
developed to inhibit bacterial growth of Gram -
 positive methicillin - resistant  Staphylococcus aureus
(MRSA) and pneumonia. Additionally, romidepsin, 
a histone deacetylase inhibitor, was approved for 
treatment of T - cell lymphoma, and capsaicin, a vanil-
loid receptor inhibitor, was approved for treatment 
neuropathic pain and, more recently, for cystic 
fi brosis.   

Drug repositioning

 Drug repositioning has grown into a mainstream 
strategy in academia, government, biotechnology 
and pharmaceutical companies as a cost - effective and 
lower risk approach to developing drugs on a faster 
timeline  [212 – 214] . The process of drug reposition-
ing or repurposing is the use of existing compounds 
or drugs for new indications. These efforts include 
repurposing: (i) clinical candidates removed from 
development for reasons other than safety; (ii) 
projects discontinued for commercial reasons; (iii) 
currently marketed drugs, particularly those facing 
patent expiration; and, (iv) drugs formerly marketed. 
Drug repurposing decreases the cost of bringing 
a drug to market by relying on a compound with 
known safety and pharmacokinetic profi les and 
established routes of manufacture and formulation. 
Repurposed drugs accounted for 30% of the 51 new 
medicines that reached their fi rst markets in 2009, 
and approximately two - thirds of new drug applica-
tions currently involve repositioning strategies  [215] . 

 While drug repositioning is not new, its strategic 
use has been bolstered by several recent notable 

requiring bioreductive activation of an aromatic 
nitro group to exert an antitubercular effect. The 
most advanced of the three comes from repurposing 
the fl uoroquinoline moxifl oxacin. New drugs or 
combinations are also emerging for treatment of 
NTDs caused by kinetoplastid protozoan parasites. 
Nifurnimox – efl ornithine combination treatment was 
made available to patients in 2009 for the treatment 
of sleeping sickness to replace the often fatal melar-
soprol regimen  [204] . SCYX - 7158, a novel boron 
containing compound, and fexinidazole, a nitroimi-
dazole compound, are in clinical development as 
potentially safer alternatives for sleeping sickness 
 [205,206] . For visceral leishmaniasis, a single dose 
ambisome and a three drug (ambisome, miltefosine 
and paromomycin) combination treatment were 
launched recently  [207] . New antifungal azole deriva-
tive E - 1224 and posaconazole inhibitors of parasite 
ergosterol biosynthesis are in clinical development for 
treatment of Chagas disease.   

Recent drug discovery strategies 
to improve  success

Natural  products in  drug discovery
 Natural products are valuable as lead candidates in 
drug discovery research  [208] . Well - established struc-
tural features of these chemical compounds, such as 
chirality and rigidity, are known to enhance specifi -
city and effi cacy. Because natural products are replete 
with these structural features, they are favoured as a 
starting point for lead discovery over entities obtained 
from combinatorial chemistry libraries. Approved 
NMEs are often derived from natural products 
with examples in multiple therapeutic areas such 
as infectious disease, oncology, hypertension and 
infl ammation. 

 Despite the aforementioned advantages, natural 
products have not always been favoured as lead 
candidates for several reasons. Natural products are 
poorly suited for both HTS, the current standard 
method for lead identifi cation, and combinatorial 
chemistry, a common medicinal chemistry synthetic 
technique used for generating large numbers of 
derivative molecules  [209] . Further, drug discovery 
in microbial disease, traditionally an active area of 
natural product research, is itself in decline. Fortu-
nately, there has been renewed interest in the use 
of natural products to treat illnesses because of the 
development of new, more powerful synthetic meth-
odologies and improved structure and target elucida-



Discovery of new medicines 23

erty created from their federally funded research. 
This ability enabled technology transfers to fl edgling 
companies who began to commercialise the work. 
What started as a boon to biologics, spurred small 
molecule drug discovery when the National Institutes 
of Health began their Molecular Libraries Program 
with a mission to provide mechanisms to develop 
new tools, which would encourage drug discovery. 
This programme would offer HTS and limited 
medicinal chemistry through a network of centres 
with the data generated available to both private and 
public sectors through the PubChem database. The 
original programme received mixed reviews  [230] , 
but it has since evolved and realised success; indeed, 
a project at Scripps Research Institute delivered the 
fi rst phase I drug candidate for the programme. With 
access to the assays, medicinal chemistry and chem-
oinformatics of the Molecular Libraries Program, 
academic drug discovery fl ourished. Researchers at 
the University of North Carolina at Chapel Hill have 
found that the amount of academic drug discovery 
has doubled over the last 6 years  [231] . They identi-
fi ed 78 academic drug discovery centres across the 
USA; 32 had a founding date between 2003 and 2008. 
This infrastructure allowed researchers to concen-
trate on understanding basic science behind diseases 
 [232]  with a strong emphasis on orphan and neglected 
diseases, non - commercial projects potentially more 
attractive to the private sector. Furthermore, with the 
recent restructuring of the pharmaceutical industry a 
large pool of experienced researchers is poised to join 
academic scientists as part of the next version of drug 
discovery. 

 Funding for the Molecular Libraries Program is 
ending in 2014, and the screening programmes it 
supports must fi nd other ways to survive. Federal 
funding outside of grants, especially from private 
sources, can cover funding gaps. Public – private col-
laborations remain the most promising approach to 
bridge the funding gap. Companies are attracted to 
academic research efforts particularly because newer 
compounds are of higher quality than before because 
of the screening and medicinal chemistry resources 
at the universities. These compounds validate bio-
logical hypotheses and lead to pharmacological proof 
of concept, thus generating interest within pharma-
ceutical companies. Industry has been proactive 
in the effort as well. The Lilly Open Innovation 
in Drug Discovery programme was started specifi -
cally to make use of innovative work in academia 
to meet the challenges in drug discovery  [232] . 
They have complementary sets of target - based and 

success stories in the pharmaceutical industry. 
Cymbalta, a serotonin - norepinephrine reuptake 
inhibitor for major depressive disorder initially 
approved in 2004, was recently approved for treat-
ment of fi bromyalgia (2008) and chronic muscu-
loskeletal pain (2010)  [216,217] ; signifi cantly 
extending the profi tability of the product line  [218] . 
Other recent examples of drug repurposing include 
plerixafor, identifi ed as an inhibitor of HIV infection 
but subsequently launched in 2009 for mobilisation 
of haematopoietic stem cells in the treatment of 
multiple myeloma, and milnacipran, a serotonin -
 norepinephrine reuptake inhibitor, initially devel -
oped as an antidepressant and approved by the FDA 
for the treatment of fi bromyalgia in 2009  [219] . 
In 2010, doxepin, originally launched for anxiety 
and depression, was approved for insomnia  [220,
221] . Aztreonam, a monocyclic beta - lactam antibi-
otic, was initially approved for the treatment of 
Gram - negative bacterial infections via intravenous 
injection, and was repositioned as Cayston, adminis-
tered by inhalation, for the treatment of pulmonary 
Pseudomonas aeruginosa  in patients with cystic fi bro-
sis  [222] . 

 Research into new approaches for the identifi ca-
tion of appropriate candidates for repurposing has 
recently exploded, and a large number of academic, 
public private partnerships, government, small bio-
tech and pharmaceutical fi rms are engaged in these 
efforts  [223 – 226] . Increasingly, repositioning strate-
gies are also including consideration of intellectual 
property and regulatory matters in order to maintain 
exclusivity  [227] .  

The new role of academia
in pharmaceuticals

 Traditionally, academia has published results from 
basic research and the pharmaceutical industry has 
developed these fi ndings into bona fi de drug discov-
ery projects. The academic drug discovery sector is 
emerging, fuelled in part by the restructuring of early 
discovery efforts in the pharmaceutical industry and 
the interest in innovative approaches to drug discov-
ery and disease treatment  [6,228,229] . Grants are still 
the main funding path for academic groups, where 
there has been a need for a practical justifi cation for 
the planned programme, but the support for actual 
drug discovery efforts has been limited. In the USA, 
the Bayh – Dole Act gave universities and non - profi t 
institutions the ability to own the intellectual prop-
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areas available in exchange for negotiated access to 
interesting molecules. Other pharmaceutical compa-
nies have similar initiatives in place: GSK has created 
an Academic Discovery Performance Unit; Pfi zer 
has Centers for Therapeutic Innovation; and Merck 
announced the founding of the California Institute 
for Biomedical Research. Whether all these institu-
tions will be a success remains to be seen. The state 
of pharmaceutical pipelines and the drive for new 
ways to discover drugs has been an important catalyst 
for the increased interaction between academia and 
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Conclusions

 Drug discovery, despite the inherent failures and 
complexities, remains a fascinating and rewarding 
pursuit. Researchers have evolved the traditional 
process to include new strategies to improve success 
rates and reduce the time and cost of bringing 
new drugs to the market. Combinatorial chemistry, 
fragment - based design and computational chemistry 
are just a few of the more recent additions to the drug 
hunters arsenal. Many unmet medical needs still exist 
as evidenced by the continued interest in CNS, 
cardiovascular, infectious diseases and metabolic 
dysfunction drug discovery. In addition, there has 
been a concerted effort by both pharmaceutical and 
biotech companies alike in addressing devastating 
orphan and neglected diseases. New entities are also 
emerging as alternatives to standard small molecule 
therapies. Oligonucleotides, antisense RNA and gene 
therapy have seen great advances, but still suffer 
from issues arising from poor pharmacokinetics and 
intravenous - only administration. Finally, along with 
new strategies in basic research, the industry has seen 
a new acceptance and reliance on academic partner-
ships as a means to improve target identifi cation and 
validation. Along with this outsourcing of intellectual 
innovation, the industry has also witnessed a massive 
shift of resources to offshore chemistry houses in 
order to drive down costs associated with hit and lead 
fi nding endeavours. Initially focused on chemistry, 
outsourcing of biology and pharmacokinetics has 
also seen widespread growth. It is still too early to 
determine if the dismantling of traditional research 
methods in favour of offshore resources will result in 
increased drug approvals. The results of this experi-
ment will warrant further discussion in future edi-
tions of this book.  
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  Pharmaceutical Development Services Ltd., Nottingham, UK       

Introduction 

 New drugs begin life as ideas  –  that is, as concepts in 
someone ’ s mind. Usually, this will be the mind of 
chemist or biologist working in the research and 
development (R & D) function of a pharmaceutical 
company. Occasionally, it will be a physician, polymer 
scientist or someone else not directly involved in 
pharmaceutical R & D. However the idea comes about, 
it has to be  ‘ reduced to practice ’   –  in other words, 
tested. This will involve chemical or biological syn-
thesis, or the isolation of a naturally occurring mate-
rial, followed by extensive evaluation in a variety of 
biological and other systems. It is at this early stage 
that pharmaceutical development begins  –  at the 
research – development interface. 

Role of analytical method development
 Analytical method development has a key role in 
pharmaceutical development. Pharmaceutical and 
analytical development have to proceed hand in 
hand; the knowledge gained from analysis of the 
product, even at the earliest stages, is of fundamental 
importance to formulation, development and evalu-
ation of product quality and stability. Insuffi cient 
effort or skill in the analytical method development 
can have a devastating effect on product develop-
ment. A single unresolved or undetected impurity 
can, in extremis, result in failure of development. For 
this reason, pharmaceutical and analytical develop-
ment scientists should work (and preferably be physi-
cally located) together as early in the development 
process as possible.  

Role of regulatory control 
 A major change in the pharmaceutical development 
process has taken place since the year 2000 with 
the implementation of the principles of Quality by 
Design (QbD). QbD has forced product developers 
to change their approach to product development 
substantially, and resulted in a hitherto rarely heard 
phrase in the pharmaceutical development lexicon  –  
product  design . One of the many aims of QbD is a 
very simple concept  –  to place the patient, and needs 
of the patient, back at the centre of the product 
designer ’ s focus. Patients take what pharmacists 
supply completely on trust, having no capability of 
checking whether what we supply to them is safe, 
effective or whether it is actually what it claims to be. 
The pharmacist requires some insight into patients ’  
needs. Trying to give a baby a spoonful of a properly 
thickened syrup, which stays on the spoon even if it 
is turned upside down, is much easier than trying to 
give the child a spoonful of water. The product must 
be designed for, and fi t for,  all  elements of its purpose.   

Drug delivery

Local or systemic delivery
 Although most patients would prefer a once a day, 
oral medication to treat all conditions, in many case 
this is not possible or even appropriate. If the drug is 
for local treatment of the gastrointestinal tract, an 
oral non - absorbed drug truly is appropriate. Like-
wise, if the condition to be treated is systemic then a 
well - absorbed and well - tolerated oral formulation is 
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tion in particle size by reducing the drug to nano - size, 
followed by spray drying can result in dramatic 
improvements in absorption  –  up to 40 - fold in some 
cases. 

 An alternative widely used approach is to produce 
a drug solution in a non - aqueous but water - miscible 
vehicle that is fi lled into a soft gelatin capsule. The 
capsule fi ll should be formulated to produce an emul-
sion or solution when the capsule dissolves in the 
stomach releasing its contents. 

 Other absorption - enhancing systems use the high 
solubility of amorphous materials to improve bioa-
vailability. These metastable systems result in super -
 saturation of the drug in the gastrointestinal tract, 
providing an increased driving force for the absorp-
tion process compared with the crystalline drug sub-
stance. Further enhancement can be achieved using 
a wide range of approaches including use of solu -
bility or penetration enhancers such as cyclodextrins, 
lipophilic vehicles, self - emulsifying systems, and solid 
solutions with enhanced solubility. Development of 
these types of product is very drug - specifi c and so has 
to be evaluated on a case - by - case basis. They will add 
considerable time and expense to the development 
process but they also make it more diffi cult for 
generic manufacturers to imitate the products. 

 Drug substances that are acid - labile present a rela-
tively common problem; they must be protected from 
stomach contents, otherwise the drug is broken down 
before it can be absorbed. Protection of the dosage 
form (tablet or capsule) is done using polymeric coat-
ings which are insoluble in acid but soluble at intes-
tinal pH  –  6.5 in the small intestine or 7.5 in the large 
intestine. 

 The pH - stability and pH - solubility profi les of a 
drug are important parameters in the development 
process. One of the causes of drug failure late in the 
development process is the wide range of pH values 
in the stomach of the patient population. Stomach 
pH drops dramatically with age; drugs that rely on 
high solubility at low pH will demonstrate much 
more variability in absorption in a normal patient 
population than they will in the well - controlled 
stomachs of  ‘ normal volunteers ’  all under 40 years 
of age.   

Product  formulation types

 An extraordinarily wide range of pharmaceutical 
products are in use today. A summary list is presented 
here, with some of the advantages and disadvantages 

again ideal. However, many diseases are local in 
nature and, at least in principle, are able to be treated 
locally  –  thereby minimising the exposure of the body 
to the drug. One of the key decisions, and infl uences, 
early in drug development is whether local or sys-
temic treatment is more appropriate. The decision 
may not be clear cut, and indeed may not be possible 
early in drug development. Corticosteroids in the 
treatment of asthma, for example, have been evalu-
ated by both oral and pulmonary delivery. In some 
cases the most effective products have been found to 
be orally administered whereas in others the pulmo-
nary route has been safer as well as more effective.  

Instant or extended release
 A similar consideration applies to design of extended 
release formulations. Reducing the frequency of 
administration can be important for a number of 
reasons including compliance, convenience and effec-
tiveness. The use of depot - based parenteral formula-
tions is an advantage for treating psychiatric patients 
who often have problems with compliance, and for 
convenience in the case of depot - based contraceptive 
formulations which can give extended effectiveness to 
patients who cannot easily receive medical care. 

 Considering oral products, most patients prefer 
once daily administration, to the point where many 
companies will not consider new products that need 
to be administered more frequently. Achieving this 
may require extension of the natural half - life of 
the drug substance by prolonging the drug absorp-
tion process using extended or controlled release 
technologies.  

Absorption  enhancement
 One of the major causes of drug failure in the early 
stages is inadequate drug concentration. The cause of 
this needs to be determined but is essentially due 
either to poor absorption of the drug, or rapid and 
extensive metabolism (short half - life) and excretion. 
Metabolic and excretion properties are diffi cult to 
modify and will often result in termination of devel-
opment, but improvement in drug absorption is pos-
sible in many cases if the need to do so is recognised 
early enough in the drug development process. 

 An important role of pharmaceutical development 
is to provide appropriate and relevant advice in this 
situation, because the range of possible approaches is 
considerable. The simplest approach is to reduce the 
particle size of the drug substance. This can be done 
by micronisation, for example, a simple and surpris-
ingly effect procedure in many cases. Further reduc-
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patient is unconscious or uncooperative, or because 
of inactivation of the drug or lack of absorption in 
the gastrointestinal tract. A further advantage of 
parenteral products is the possibility of local admin-
istration into the area of need, such as in the case of 
spinal anaesthesia during childbirth and the injection 
of anti - infl ammatory agents directly into joints. 
Other advantages of sterile products include:
    •      No upper limit for molecular weight;  
   •      No fi rst pass metabolism;  
   •      Rapid onset of action; and  
   •      Can be used for drugs with are not absorbed, or are 
subject to degradation in the gastrointestinal tract.    

 Parenteral dosage forms are subject to several dis-
advantages or diffi culties. These include the require-
ment for sterility and ultra purity of the product, the 
risk of tissue toxicity from local irritation, real or 
psychological pain on administration, diffi culty in 
correcting an error (e.g. if mis - medication or acci-
dental overdose occurs) and the need of trained per-
sonnel to perform the injection. Another problem for 
sterile products is the overall cost and diffi culty of 
manufacture.  

Pulmonary delivery
 Pulmonary delivery is predominantly used for local 
effect (e.g. treatment of airways disease such as 
asthma) although occasionally it has been used as a 
route for systemic administration (e.g. insulin), with 
limited success. Advantages are as follow:
    •      Restricts overall exposure of the body by localisa-
tion of the drug; and  
   •      Delivers materials that could not be otherwise used.    
 Disadvantages are as follow:
    •      Hard to formulate;  
   •      Compliance problems  –  inhaled dosage is diffi cult 
for small children, and requires the use of the correct 
technique; and  
   •      Technical complexity.     

Other formulation types
 There are many other types of formulation used for 
particular purposes, or dictated by particular drug 
properties. The following is not intended as a com-
prehensive list. 

Buccal formulation
 Buccal delivery has two particular applications  –  
rapid onset of action and avoidance of fi rst pass 
metabolism. However, the surface area of the buccal 
cavity is limited. Therefore, to be effective the drug 
needs to be both well absorbed and relatively potent; 

of each type. It is by no means comprehensive; there 
are several dozen variations on the main formulation 
types alone, but it does give an idea of the breadth of 
systems that are in widespread use. The formulation 
type selected will depend on the Target Product 
Profi le required for the product and should take 
account of the patient population, the nature of the 
condition or disease being treated and the properties 
of the drug substance. 

Oral  solids
 Oral solid dosage forms are the predominant phar-
maceutical dosage form, accounting for more than 
70% of the global market. Advantages include:
    •      High speed, low cost production;  
   •      Versatility  –  can be manufactured with a large range 
of properties; and  
   •      Stability (compared with most other dosage form 
types).    
 Disadvantages include:
    •      Exposure of the drug to gastrointestinal contents, 
with its bacterial fl ora and low stomach pH;  
   •      Liability to fi rst pass metabolism; and  
   •      Requirement for drug substances with adequate 
solubility.     

Oral  liquids
 Advantages of oral liquids include:
    •      Ease of use  –  suitable for paediatric and geriatric 
patient populations; and  
   •      Can provide a range of properties including 
extended release.    
 Disadvantages are similar to those for oral solids; in 
addition, stability in solution is usually much more 
diffi cult to achieve than for an oral solid product.  

Sterile products 
 Sterile products are required for both parenteral 
administration (Greek,  para enteron   =  outside the 
intestine), and certain other product types for topical 
application such as eye drops and creams, which are 
administered to sensitive areas or broken skin. The 
state of sterility is an absolute  –  either a product is 
sterile, or it is not. The most common sterile phar-
maceutical products are injectable products. These 
are administered to the patient by injection under or 
through one or more layers of the skin or mucous 
membrane. 

 The principal advantage of the parenteral route of 
dosing is its prompt onset of action. In addition, 
drugs can be administered parenterally when they 
cannot be given orally, for example because the 
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the regulatory dossier submitted by the innovator 
company. Few innovator companies were keen to 
release hard - won analytical methods to generic com-
panies who would undercut them on price, and as a 
result relatively few modern drugs have pharmaco-
poeial methods. Nevertheless, the primary purpose of 
the product development was to control product 
quality through the tripod of specifi cations, methods 
and formulae. At this time in most companies, the 
role of process in product quality was largely ignored 
except for its impact on product characteristics as set 
out in the specifi cation. The possible impact of the 
manufacturing process and parameters was focused 
entirely on ensuring that the process was repeated in 
exactly the same way for every batch. 

 The  ‘ quality by testing ’  approach ignores the reality 
of variability in drug substances, active pharmaceuti-
cal ingredients and processes, and assumes that one 
set of processing conditions will always produce a 
product within specifi cation as long as the excipients 
and drug substance themselves are within specifi ca-
tion. The International Conference on Harmonisa-
tion (ICH) guidance generated in the 1990s (ICH 
Q1 - 6) made it clear that it was the responsibility of 
the manufacturer to control all the parameters that 
impacted on product performance. 

 The responsibilities of the manufacturer were 
further extended by the concept of QbD in 2001 with 
a draft Food and Drug Administration (FDA) docu-
ment 21st  Century Manufacturing . This set out the 
idea, well established in other industries but rarely 
discussed in the pharmaceutical arena, of ensuring 
that a manufacturing process should be designed to 
produce an acceptable product irrespective of mate-
rial and process parameters, including the use of real 
time measurements to control critical processing 
parameters, and understanding their impact on the 
critical quality attributes of the product. Establishing 
the relationship between critical processing parame-
ters and critical quality attributes is now an essential 
part of product development whether or not manu-
facturers are actively following other elements of the 
QbD approach.  

Implementation of Quality by Design 
 The major changes proposed to the product develop-
ment paradigm that are inherent in QbD led to a 
fl urry of regulatory and legislative activity culminat-
ing in new regulatory guidance documents  ICH Q8 
Pharmaceutical Development ,  ICH Q9 Quality Risk 
Management  and  ICH 10 Pharmaceutical Quality 
Systems . These set out broad principles, but gave little 

typically with a dose measured in micrograms rather 
than milligrams.  

Intranasal  formulation
 This is usually used for local treatment (e.g. allergic 
rhinitis) but has been extensively explored for the 
delivery of peptides and other drugs with gastrointes-
tinal absorption problems. However, absorption may 
be compromised by upper respiratory tract infections 
(e.g. the common cold).  

Topical  formulation
 This is mainly used for local, rather than systemic, 
treatment. In general, systemic effects from topical 
products are unwanted except in the case of transder-
mal or iontophoretic systems.  

Ophthalmic,  aural and  vaginal preparations 
 These are solely used for local treatment although 
some systemic exposure does occur.  

Rectal formulation
 Some products for systemic use are given rectally (e.g. 
diazepam, paracetamol) but most are for local treat-
ment. Although acceptable in some countries, rectal 
administration is viewed in most markets as being 
inappropriate except in an emergency. Rectal admin-
istration is an example of where patient preference 
dictates the route of administration.   

Concluding remarks on 
formulation selection
 If a drug is required to be administered by the 
parenteral route as a result of the disease or condi -
tion being treatment, then this has to be accepted. 
However, in most other cases, formulation selection 
is made based on a combination of factors, with 
patient acceptability playing an increasingly impor-
tant part. The days in which the patient would simply 
take what the doctor prescribed have long past.   

Quality by Design 

The concept of Quality by Design 
 Quality concepts in the pharmaceutical industry 
remained fi rmly rooted in the  ‘ quality control testing ’  
mentality throughout the twentieth century. Product 
quality control by national pharmacopoeias was 
rapidly overtaken by the large number of new prod-
ucts brought onto the market in the 1980s and 1990s, 
so that standards became hidden behind the cloak of 
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and highly permeable, and therefore likely to be well 
absorbed. Changes to the properties of drugs in class 
1 are permitted on the basis of  in vitro  testing; this is 
known as a  ‘ biowaiver ’ . Class 4 compounds are poorly 
soluble and poorly permeable, and are likely to pose 
substantial problems in drug development. Classes 2 
and 3 are intermediate in properties with classes 1 
and 4. 

 The BCS system is widely used as part of the gate-
keeping mechanism used by many companies to keep 
diffi cult drugs out of the development pipeline, and 
as a predictor of the diffi culty of drug development. 
Most drugs in development are now class 2 or 3.  

Principles of pharmaceutical
development

 The key guiding principles of pharmaceutical devel-
opment are to:
    •      Maintain focus on the target product profi le;  
   •      Develop products suitable for safe and cost - effective 
manufacturing; and  
   •      Ensure capability of the manufacturing and control 
systems to cope with normal manufacturing varia-
tion in drug substance and processing.    

 Pharmaceutical development should be based on a 
comprehensive analysis of the physical and chemical 
properties of the drug substance, usually known as 
the preformulation stage. This looks at the inherent 
properties of the molecule such as physical form, 
solubility and stability in solution and the solid stage. 
It should also include properties that will impact on 
the processing behaviour of the drug substance such 
as particle size, bulk density and fl owability. A com-
prehensive programme of characterisation builds a 
fi rm basis on which a secure manufacturing formula 
and process can be developed. 

 Careful evaluation of the preformulation data will 
yield important issues that will need to be addressed 
during the product development process. For solid 
oral dosage forms, these will include any particle size 
control requirements (essential for most drugs), 
requirements imposed by the dose to be administered 
(both large and small doses will impact on the manu-
facturing process) and the safety of the material 

indication of how the new development concepts 
could be included in the Common Technical Docu-
ment which has been developed to simplify interna-
tional product registration. 

 A number of initiatives were established to work 
out what a regulatory dossier for products that had 
been developed under QbD might actually look like. 
In the USA, a highly successful pilot initiative was set 
up under which companies could submit QbD dos-
siers without penalty and with FDA support. In 
Europe, a working party was set up under the aus-
pices of the European Federation for Pharmaceutical 
Sciences (EUFEPS) to produce an example dossier for 
a hypothetical product. The outcome of this working 
party has been published, and provides valuable 
insight into views of both industry and the regulatory 
bodies. This included dividing the development and 
manufacturing process into six steps (Figure  2.1 ).     

Drug substance properties at the 
preclinical  testing stage

 Preclinical testing has an essential role in drug devel-
opment, but the importance of understanding drug 
properties at an early stage is sometimes overlooked. 
Virtually all toxicology programmes require the use 
of water as an element of the test article, and it is 
essential to understand the interaction of the drug 
substance with water before commencing toxicologi-
cal testing. Many drugs change their physical or 
chemical form in the presence of water, to form 
hydrates or anhydrates, which can have dramatically 
different properties from the parent compound. In 
addition, the particle size of the material used in 
the preclinical testing will determine its absorption 
behaviour and so should be measured. 

 Another key drug substance characteristic is its 
classifi cation under the Biopharmaceutics Classifi ca-
tion System (BCS). Developed in the 1990s to assist 
the FDA with risk assessment of generic products, 
this classifi cation is now used to give a useful measure 
of the diffi culties to be expected in drug development. 
Based on two parameters, solubility and permeability, 
the BCS classifi cation gives a simple predictor of 
problems. BCS class 1 compounds are highly soluble 

Figure 2.1     Developing products using the 

QbD paradigm.  
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development process. Excipients used in oral solid 
dosage forms include:
    •      Fillers  –  used to bulk out the product;  
   •      Compression aids  –  to improve product 
compressibility;  
   •      Disintegrant  –  to ensure the product disintegrates 
in the gastrointestinal tract; and  
   •      Lubricant  –  to prevent the product sticking to metal 
surfaces on the tablet or capsule machine.    

 In addition, many other excipients may be needed 
for specifi c purposes  –  such as improving process -
ing behaviour, product fl avour or product stability. 
Many tablets are fi lm coated with a polymer coating, 
to improve ease of swallowing, product stability 
or processing. Tablet coatings ingredients include 
cellulose - based polymers (hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose), polymethacrylates, 
opacifi ers, colours and plasticisers. Tablet coatings 
can also be used to modify the release properties of 
the tablet to extend release over a period of hours.  

Key  oral  solid dosage processes 
 Oral solid dosage forms (tablets and capsules) domi-
nate the pharmaceutical market by number and 
value. This results from their advantages of low cost 
of manufacture, convenience of administration and 
the enormous range of different properties that can 
be produced including instant release, controlled 
release, enteric coated, dispersible and effervescent. 

 Solid oral dosage forms are manufactured using 
one of three principal techniques:
1.     Direct compression;  
2.     Dry granulation; and  
3.     Wet granulation.    

 In a direct compression process, the drug sub -
stance is simply mixed with ingredients and com-
pressed into tablets. This is a relatively simple process 
par ticularly suited to low (but not very low) and 
medium dose drugs (1 – 100   mg). These limitations 

(extensive operator protection from exposure to the 
drug may be required). In the case of sterile products, 
key parameters are stability in solution, solubility of 
the drug and its ability to withstand an autoclaving 
process. 

 Based on this evaluation, product development 
will take place using a process set out in Figure  2.2 . 
Analysis of the preformulation data will lead to selec-
tion of an initial manufacturing formula and process. 
The product is manufactured, and both the product 
and the process are evaluated. Stability testing may 
be performed to further understand the properties 
of the product. All the data are then reconsidered; a 
modifi ed formula and process selected, and the cycle 
repeated. In the case of a straightforward clinical trial 
formulation, the fi rst attempt at formulation devel-
opment may be successful and the cycle only operated 
once. In a diffi cult product development, tens or even 
hundreds of attempts may be needed to identify a 
formulation and process with the required operating 
parameters. 

 It is important to recognise that the manufacturing 
formula and the manufacturing process for a product 
cannot be evaluated separately; like the warp and weft 
of a cloth, both are needed to identify and defi ne the 
product.    

Oral  solid dosage form development

Oral  solid dosage components
 Oral solid dosage forms invariably contain the active 
ingredient, and the additional inert excipients that are 
required to obtain the required product properties. 
The particular excipients needed depend on the 
product type (e.g. instant release, extended release, 
dispersible). Selecting the correct quality parameters 
for the drug substance and the excipients is an 
extremely important part of the pharmaceutical 

Figure 2.2     Formulation development cycle.  
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niques for in - line process characterisation such as 
particle size measurement and near - infrared spec-
troscopy cannot be applied to the wet granulation 
process. Nevertheless, wet granulation is still the most 
widely used tablet manufacturing process. 

 Capsules can be fi lled with powder blends, gran-
ules or even small tablets. Advantages include the 
ability to fi ll materials that would not compress and 
to include more than one product in the same capsule 
(using beads or tablets). 

 Identifi cation of the most suitable packaging system 
for oral solid dosage forms is an important develop-
ment activity. The degree of protection required for 
products ranges from very little (for stable products 
with no sensitivity to humidity and temperature) to 
extensive (e.g. for effervescent products). Packaging 
costs can be a signifi cant ele ment of the total cost of 
the product, and so selecting the lowest cost pack con-
sistent with stability is important.  

Oral  solid dosage manufacturing
 The manufacturing scale for oral solid dosage forms 
ranges from a few kilogrammes to 1000   kg or more, 
depending on the product volume. Production rates 
for tablet presses and capsule fi lling machines range 
from a few thousand per hour to a million per hour. 
Basic operating and quality systems remain the same, 
with controls needed on the manufacturing, tableting 
and encapsulation processes. In - process testing to 
ensure product quality during manufacture is very 
important because sample testing at the end of the 
process is of limited value. Much time and effort is 
expended in ensuring that processes and products 
have been scaled up to manufacturing level without 
loss of quality.   

Sterile products 

 Sterile pharmaceutical products are those manufac-
tured in such a way as to be free from living micro -
 organisms. They include injectables, infusion fl uids, 
ophthalmic preparations, radio - pharmaceuticals, 
irrigation fl uids and dialysis solutions. The term 
 ‘ parenterals ’  is often used to refer to injectables. While 
the inclusion of human pathogenic bacteria, fungi or 
viruses is considered to be dangerous for patients, it 
should also be noted that any contaminating microbe 
usually regarded as non - pathogenic could also result 
in a severe infection. 

 Freedom from microbes is ensured by the terminal 
sterilization of products or by aseptic manufacture. 

arise because, at the low end of the dose range, 
obtaining good mix quality can be a problem while 
at high drug concentrations, the behaviour of the 
product is dominated by the drug substance proper-
ties. Drug substance properties are much less well 
controlled than the properties of the other compo-
nents of the product (the inert excipients) and often 
result in batch - to - batch variability in the product. In 
addition, most drug substances are poorly compress-
ible and so cannot be used in high concentration. 

 Dry granulation, in particular the use of roller 
compaction, has come into more extensive use in the 
last 20 years. In this process, a good - quality dry blend 
of drug and excipients is produced which is com-
pacted using either a roller compactor or a heavy duty 
tablet machine. The compacted product is milled to 
fi ne granule (usually  < 500    μ m), lubricated to prevent 
the tablet sticking on compression, and compressed. 
This process can be used with higher drug loadings 
than used for direct compression. It has a number 
of problems: materials do not compact as well the 
second time as they do the fi rst, and dissolution can 
be a problem for some products, but the advantages 
are a dry process with high throughput (compared 
with wet granulation) and relatively straightforward 
scale up. These have driven its widespread adoption. 

 The traditional and most widespread manufactur-
ing process is wet granulation. In wet granulation, the 
drug is blended with excipients in a high shear mixer, 
and granulated with a liquid or solution, usually 
aqueous but occasionally aqueous alcohol. In most 
cases a binder is required, either in solution in the 
liquid or added dry to the powder blend. The product 
is a wet mass that usually contains 15 – 25% liquid and 
which is able to be readily broken down into a granule 
in the size range 100 – 500    μ m. This is usually passed 
through a sieve to break up the wet mass, and dried 
in a fl uid bed dryer to remove the liquid component. 
The dried product may be sieved or milled, and is 
then blended with lubricant and compressed on a 
tablet machine. 

 The advantages of wet granulation are its extreme 
versatility (virtually all drugs can be wet granulated 
under the right conditions). The disadvantages are 
the length and cost of the process, and the diffi culty 
of applying modern techniques of process control to 
it. The granulation process itself dominates the prop-
erties of the fi nal product, but is actually several 
manufacturing steps away from it in the process. The 
relationship between the control of the granulation 
parameters and the fi nal properties of the product are 
very hard to establish, and the widely available tech-
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integrity, and both are normally sterile fi ltered at the 
point of fi ll into the fi nal container. The fundamental 
difference between the two techniques is that an asep-
tically manufactured product is not subject to any 
further treatment after fi lling into its fi nal container, 
whereas a terminally sterilised product is subject to a 
validated sterilisation step. 

 The manufacturing technique selected depends on 
the Target Product Profi le ( ‘ Quality by Design ’ , see 
earlier) and the drug properties ( ‘ Drug substance 
properties at the preclinical testing stage ’  see earlier). 
Some product types can only be safely made by ter-
minal sterilisation (e.g. large volume parenteral prod-
ucts) while others can be made by either aseptic 
processing or terminal sterilisation. A decision on 
which type of process is best will usually be made 
early in the product design process. 

 Sterility cannot be tested in an entire product 
batch. Sterility tests are in essence exercises in statisti-
cal sampling and while they give an indication of 
sterility, they do not give an  absolute  assurance of the 
entire batch being sterile. Each unit tested must pass 
this test, but the proportion of units tested can be 
exceedingly small compared with the size of the 
batch, so sterility testing cannot be used to assure 
product sterility. 

 Sterility is assured by using the concept of a Steril-
ity Assurance Level (SAL). The SAL is defi ned as the 
probability of a sterile product being contaminated 
by one or more viable micro - organisms. Current 
pharmacopoeias require that there is less than 1 
chance in 1,000,000 that viable micro - organisms are 
present in an individual dosage form  –  a 10 − 6  prob-
ability of non - sterility. This is achieved by using pro-
cesses that have a very high probability of eliminating 
all micro - organisms. Terminal sterilisation is the 
manufacturing route of choice if the product can 
withstand the heat exposure involved. However, 
many products are not suitable for this process, as a 
result of heat labile molecules, pack incompatibility 
or product physical characteristics. These have to be 
made by aseptic processing, in which the product is 
fi ltered through a sterile fi lter twice. 

Aseptic processing 
 A product manufactured by aseptic processing is 
made from sterile ingredients in a sterile atmosphere, 
and in such a way that the fi nished product is itself 
sterile. This requires avoidance of any contamination 
with micro - organisms from either the environment 
or the operator. Both environment and operator must 
be strictly controlled to ensure success. 

In aseptic product manufacture, pre - sterilized com-
ponents are brought together under controlled clean-
room conditions; utilising good aseptic technique 
and pre - sterilisation of all equipment and containers 
used in manufacturing. The term  ‘ sterile ’  is an abso-
lute one and should never be used or considered 
in a relative manner. One should never refer to a 
product as  ‘ partially ’  or  ‘ almost sterile ’ . The term 
 ‘ sterile product ’  is the sum of the validated manufac-
turing process and the sterility assurance level (SAL) 
that the process imparts upon the fi nal product. 

 Sterile pharmaceutical products must be relatively 
free from particulate matter; in contrast to micro -
 organisms, it is permissible for injectable products to 
contain low levels of particulates within pharmaco-
poeial defi ned limits. Extraneous particulates found 
in injectables potentially include cellulose and cotton 
fi bres, glass, rubber, metal and plastic particles, undis-
solved chemicals, skin fl akes and hair. These may be 
derived from the environment or any material to 
which the product has been exposed during manu-
facture. Therefore all products must be carefully 
inspected as part of the  ‘ release for use ’  process to 
ensure the absence of these particles. 

 Sterile injectables should also be free from pyro-
gens. Pyrogens, or bacterial endotoxins, are metabolic 
products of living microbes or the dead microbes 
themselves, that cause a specifi c pyretic response 
upon injection. They are commonly lipopolysaccha-
ride in nature and soluble in water. Being organic 
compounds, pyrogens can be destroyed with high 
heat by oxidation or  ‘ incineration ’ , usually exposure 
to 250 ° C for 30 – 45 minutes or 180 ° C for 3 – 4 hours. 
Although good aseptic technique will limit the poten-
tial introduction of pyrogens and the precursor 
micro - organisms, good environmental controls and 
the treatment by hot air sterilization of all possible 
equipment used in the manufacturing process is also 
essential. 

Sterile product  manufacturing
 Sterile product manufacturing must result in a 
product that is sterile, particle free, chemically and 
physically stable, and that contains the correct dose 
of the active pharmaceutical ingredient (the drug) in 
a form that is acceptable and tolerable to the patient. 
Two basic manufacturing techniques are available for 
sterile product manufacturing: aseptic manufactur-
ing and terminal sterilisation. There are aspects 
common to the manufacture of both product types. 
For example, both must have assured primary pack 
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muscular, subcutaneous, intradermal, intra - cisternal 
or intrathecal). The nature of product determines the 
particular route of administration employed. Consid-
erations include the specifi c pharmacological and 
physiological requirements of the product, and the 
volume and dose to be administered. For example, 
volumes to be dosed subcutaneously are signifi cantly 
smaller than those that can be dosed via the intrave-
nous or intra - arterial routes. Additionally, a preferred 
route of administration will have particular formula-
tion requirements.  

Vehicles 
 A vehicle normally has no therapeutic activity and is 
non - toxic. Vehicles may be aqueous, non - aqueous, 
water - miscible or water - immiscible. The most com-
monly used vehicle for injection is water for injection 
(WFI). This type of water is specially prepared, col-
lected and stored in a manner ensuring that it can 
meet and maintain requirements for purity and 
freedom from pyrogens. These requirements are 
clearly set out in all the national pharmacopoeias and 
products must adhere to local pharmacopoeial stand-
ards. WFI is generally prepared by distillation of 
water of an appropriate quality. 

 Other possible vehicles are sterile water for injec-
tion and bacteriostatic water for injection . Sterile 
water for injection is WFI that has been sterilised and 
suitably packaged in containers generally not exceed-
ing 1000   mL capacity. It contains no bacteriostatic 
agents. Bacteriostatic water for injection is sterile 
water for injection containing one or more suitable 
bacteriostatic agents. It is packaged in multidose con-
tainers usually with no more than 30   mL capacity.  

Isotonicity for parenterals 
 Most parenteral solutions should be isotonic (i.e. of 
osmotic strength equal to that of blood plasma) to 
avoid haemolysis of red blood corpuscles (RBCs). 
Hypotonic solutions if injected intravenously or 
intrathecally will rupture RBCs. The solvent from the 
hypotonic solution will enter the RBC through the 
semi - permeable cell wall and increase the volume of 
the intracellular fl uid and eventually result in cell 
rupture (haemolysis). This can be observed  in vitro
and the resulting ruptured cell membranes are 
referred to as  ‘ red cell ghosts ’ .  

pH management for parenterals 
 The pharmacopoeias have strict limits with regard to 
the pH values of injections. Some solutions are 
adjusted to a defi nite pH or to within a pH range and 

 The manufacturing environment requires mainte-
nance of control of fi ve main criteria:
1.     Micro - organisms;  
2.     Particulate matter;  
3.     Temperature;  
4.     Humidity; and  
5.     Air fl ow (both velocity and direction).    

 The defi nitions of the levels of control in a clean 
manufacturing environment are found in Federal 
Standards, ISO standards and British Standards to 
name only three. The most common classifi cation 
encounted are grades A – D described in the European 
Good Manufacturing Practices, Annex 1. These 
grades detail the various increasing levels of protec-
tion from grade D (the least protective) to grade A 
(the area classifi ed at the  ‘ point of fi ll ’ ), i.e. the area 
where the product, post fi ltration, is actually exposed, 
albeit briefl y, to the manufacturing atmosphere. 
These area grades act as a type of protective shell 
surrounding the critical grade A area. 

 At the end of the fi lling process, aseptic manufac-
ture requires a fi nal fi ltration step for parenterals 
through a 0.2 -  μ m (or smaller) pore fi lter membrane. 
This ensures as far as is possible, that the product is 
sterile.  

Terminal  sterilisation
 A  ‘ terminally sterilised ’  product undergoes a further 
treatment once sealed in its primary pack, which sub-
jects the product to a validated sterilisation process, 
such as moist heat sterilisation or irradiation. Aseptic 
technique and fi ltration are also used for parenterals 
made by terminal sterilisation. This allows terminally 
sterilised products to gain a higher SAL than those 
from aseptic manufacture alone. The temperatures 
and exposure times for both types of sterilisation pro-
cesses are defi ned in the various pharmacopoeias.   

Sterile product  design

Classifi cation of  products 
 Sterile products can be classifi ed in fi ve general 
categories:
1.     Solutions ready for injection;  
2.     Dry soluble products ready to be combined with 
a solvent just prior to use;  
3.     Suspension ready for injection;  
4.     Dry, insoluble products ready to be combined with 
a vehicle just prior to use; and  
5.     Emulsions.    

 Sterile products may be administered by one or 
more routes (e.g. intravenous, intra - arterial, intra-
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formulation ensures the maintenance of both physi-
cal and chemical stability of the drug product. The 
formation of precipitate or a colour change indicates 
instability. Drug degradation is not necessarily indi-
cated by visual changes  –  a sub - potent solution can 
remain clear and colourless. When the stability of a 
drug in solution cannot be maintained over a suffi -
cient period of time, the solution may be lyophilised 
(i.e. freeze - dried). Another drying method used com-
mercially to prepare sterile products for reconstitu-
tion is spray drying. 

 Parenteral sterile dosage forms may be stabilised by 
various methods:
1.     pH     A common method of stabilising injectables, 
primarily because so many types of decomposition 
are catalysed by hydrogen and/or hydroxyl ions.  
2.     The use of a reducing agent or antioxidant     A 
popular reducing agent for injectables is sodium 
metabisulphite.  
3.     Headspace gassing     In many injections where 
oxygen - mediated degradation is a serious cause of 
decomposition, improved stability is obtained by 
replacement of air in the fi nal containers with an 
inert gas. Nitrogen is the most commonly used gas 
for this purpose. If headspace gassing is used it should 
be justifi ed by supporting stability data and process 
data to demonstrate the effectiveness of the head-
space gassing process.  
4.     Use of chelating agent     Trace elements and heavy 
metal ions may catalyse degradation. Sometimes this 
can be prevented by the addition of a chelating agent, 
which will form a soluble complex with the metal. 
In this complex the metal is held in non - ionisable 
form. The agent that has been most widely used for 
this purpose is ethylene diamine tetra acetic acid 
(EDTA).      

Conclusions

 Pharmaceutical development is a complex and diffi -
cult process which extends throughout the life cycle 
of the product. Application of sound scientifi c prin-
ciples and the techniques of QbD are important to 
ensure that products are safe, effective and manufac-
tured in a cost - effi cient manner.    

many must lie with certain limits of pH after prepara-
tion. The use of buffers to stabilise the pH is permit-
ted where justifi ed. There are several reasons for these 
specifi cations:
1.     To increase the stability of the preparation;  
2.     To minimize pain, irritation and necrosis on 
injection;  
3.     To decrease the rate of decomposition and hence 
improve stability;  
4.     Tto provide unsatisfactory conditions for micro-
bial growth; and  
5.     To enhance physiological activity, etc.    
 A review of marketed products will demonstrate 
most to be near physiological pH. However, the actual 
range of all products is from pH2 to pH11, an 
extremely wide range. Products with pHs in the 
extremes will be required to provide substantial sup-
porting development information as there will be a 
physiological impact, as well as substantial pain, upon 
injection.  

Total  parenteral  nutrition
 In the case of long - term feeding of unconscious 
patients or patients who are unable to take food orally 
total parenteral nutrition (TPN) is used. TPN con-
tains concentrated mixtures of amino acids, vitamins, 
inorganic salts and an energy source (carbohydrate or 
fat). Many hospital pharmacies operate a TPN service. 
All or most of the ingredients required to feed a 
patient for one day are combined in one large (up to 
3 - L capacity) collapsible plastic bag. Fats are admin-
istered as oil in water emulsions, comprising small 
droplets of a suitable vegetable oil (e.g. soya bean) 
emulsifi ed with egg lecithin and sterilised by auto-
claving. These are most commonly administered as 
purchased proprietary products. The manufacture of 
TPNs is not be discussed here in detail as this is an 
exercise in manipulation of existing products rather 
than undergoing complex extemporaneous prepara-
tion. However, it should be stressed that environmen-
tal controls and good aseptic technique are essential 
in the production of TPNs.   

Stability of parenterals 
 Drugs in solution are generally less stable than in the 
dry powder form. The selection of an appropriate 
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Introduction 

 When developing a potential new pharmaceutical 
compound, the primary objectives are to demon-
strate that under the conditions of therapy, the poten-
tial new drug is of constant chemical quality, is 
effective in a signifi cant proportion of patients and is 
safe. Concerning safety, regulatory agencies need to 
be assured that the benefi ts of a new medicine out-
weigh the risks of therapy. Thus, toxicologists have to 
assist clinicians in determining the likely range of safe 
exposures to the new pharmaceutical in appropriate 
animal and in vitro  models and the possible conse-
quences if these doses are exceeded. It is an advantage 
if biomarkers (early response surrogate markers for 
toxicity, ideally preceding toxicity at lower doses or 
earlier with regard to duration of treatment) can be 
identifi ed to indicate when safety limits have been 
breached, but before signifi cant damage has occurred. 
Such biomarkers allow monitoring of volunteers and 
patients in early controlled clinical trials to help iden-
tify safe exposures. Damage can be immediate and 
affect vital body functions, thus constituting concerns 
even for short - term human studies or use. Animal 
testing for such normally reversible damage is gener-
ally addressed in safety pharmacology and acute tox-
icity studies. Other types of damage include more 
complex disruption of body systems, often involving 
multiple organs, resulting in lost or impaired func-
tion. Such damage can be reversible or irreversible 
and it may only be observed after repeated and pro-
longed dosing; it may appear by degrees with slow 
onset or it may occur suddenly and precipitously. 
Toxicity can be observed in reproductive systems and/

or in the developing embryo or fetus, while other 
changes can result in the formation of tumours. In 
humans, such tumours can develop decades after the 
initial exposure  –  there can be a long latent period. 
Tumours can result from damage to specifi c genes 
involved in cell division (genotoxic carcinogens) or 
through a variety of mechanisms, such as prolonged 
hormonal disruption, which do not involve direct 
damage to genes (non - genotoxic). The risks to 
patients differ between these two types of mechanism 
in that genotoxic carcinogens are deemed to have 
no threshold for their effects, whereas most non -
 genotoxic carcinogens have an exposure threshold 
below which there is little risk, but risks increase once 
the threshold has been exceeded. Tumour develop-
ment and changes to the developing embryo are 
typical examples for toxicities that are considered 
non - reversible in general and need to be avoided 
in volunteers and patients with rigid and highly 
sensitive animal testing even at the expense of drop-
ping potentially valuable compounds if relevance 
of animal data for the human situation is not per-
fectly clear. 

 Clinicians and regulators need to be reassured that 
information concerning all of these aspects is avail-
able to enable clinical trials to start and progress to 
support regulatory decisions on whether a new drug 
can be approved for marketing. Preclinical studies of 
potential new medicines were relatively superfi cial 
until several disasters had occurred, in particular the 
thalidomide catastrophe in the 1960s, where exposure 
to this compound during early pregnancy resulted 
in limb deformities in developing embryos. Today 
there are national and international regulations that 



Preclinical safety testing 43

tissues, using analytical techniques such as nuclear 
magnetic resonance)  [6]  together with characterisa-
tion of receptors and receptor distribution, allows in 
many cases a better identifi cation of the species that 
is relevant for human safety prediction. Jacobs  [7]  has 
published an interesting US Food and Drug Admin-
istration (FDA) perspective on the use of X - Omics 
technologies in the safety assessment of new drugs. 

 Adverse events affecting patients taking a medicine 
can occur with various degrees of frequency. For a 
serious adverse event, frequencies of greater than 1 
patient affected per 10,000 treated or even 1 in 50,000 
can be unacceptable. It is not possible or ethical to 
use animals in such numbers and also clinical devel-
opment prior to marketing cannot address suffi -
ciently serious adverse events occurring at very low 
frequency. In order to partly compensate for this it is 
assumed that increasing the dose and prolonging the 
duration of exposure will improve both the sensitiv-
ity and predictivity of animal studies. Thus, a 6 - 
month study at higher doses gives a greater comfort 
level to regulatory authorities than a 1 - month study 
at lower doses. This is not necessarily based on scien-
tifi c fact. Further, the tools described earlier, improved 
biomarker approaches, plus a greater knowledge 
of genetics, allow the identifi cation of early events 
induced by lower doses that will be predictive of toxic 
events in human populations and thus reduce the 
reliance on animal testing. 

 Nevertheless, it is clear that animal testing is not 
always capable of predicting human risk. This is 
important for sometimes serious human side effects 
that occur with a low incidence. In humans, such 
effects often occur independent of dose and very 
often involve the immune system. Because such 
events are hard to predict and a cause – effect relation-
ship is not easy to determine, the term  ‘ idiosyncratic ’  
is generally used for these types of toxicities. Thus, it 
is self - evident that  ‘ idiosyncratic ’  toxicities are major 
causes of late stage failures in drug development 
or post - marketing withdrawals. In this context, it 
may be useful to remind ourselves of evaluations that 
late stage and marketing failures of drugs because 
of rare human toxicities are highly signifi cantly 
related to two aspects  [3] : cardiac ventricular arrhyth-
mia  [8]  and liver toxicity  [9] . Toxicologists have tried 
to devise useful models to predict such toxicities 
with specifi c test approaches and regulatory agencies 
have issued draft guidance approaches to tackle this 
problem. 

 Toxicological evaluation of drug candidates is one 
of the most prominent areas of animal use nowadays. 

require manufacturers to provide information from 
a detailed package of preclinical studies. The timing 
and composition of these studies is linked to the type 
and extent of clinical trials that need to be supported. 
Thus, early clinical studies were considered very safe 
until in March 2006, when several volunteers experi-
enced severe immunological reactions when being 
fi rst treated with TGN1412, a CD28 antibody  [1] , 
which, in hindsight, had been administered at too 
high a dose. Subsequently, the requirements for dose 
setting for fi rst - in - human trials were partly revised, 
in particular for investigational compounds for 
which severe side effects based on pharmacology can 
occur and for which there is limited ability to assess 
this pharmacology, in particular immunological 
properties, in animal models. 

 Most regulatory toxicity studies are conducted in 
animals to identify possible hazards from which an 
assessment of risk to humans is made by extrapola-
tion with information on absorption, distribution, 
metabolism and elimination (ADME). Hazard in this 
context is regarded as the potential for a substance to 
cause harm, whereas risk is the likelihood that, under 
the conditions of use, it will cause harm. Comparison 
between the results of compound exposure in animals 
and humans has shown that such extrapolations, 
although by no means perfect, are credible in most 
cases  [2,3] . In an attempt to offset some species 
differences, regulatory agencies request studies in a 
rodent and a non - rodent species. Rats, dogs or non -
 human primates are most often used and rabbits 
are required for particular reproductive toxicology 
studies. In this context, the use of rabbits dates back 
to the thalidomide disaster, a case in which only 
rabbits have been shown to be a suffi ciently sensitive 
animal species to detect malformations that occurred 
in human embryos and children. Other rodents and 
non - rodents may be selected if deemed more appro-
priate for studying a specifi c compound. This choice 
may be based on the results of comparative metabo-
lism, where metabolism in a particular species may 
more closely resemble that seen or predicted in 
humans, or the desired pharmacology in a particular 
species may be more applicable to humans than in 
other species. Often the choice by default has been 
limited to the rat and the dog, in the absence of data 
that would allow a more informed choice. However, 
it has been proven in the meantime that new tech-
nologies such as toxicogenomics (differential gene 
expression)  [4] ; toxicoproteomics (protein expres-
sion profi les)  [5] ; metabonomics or metabolomics 
(study of endogenous metabolites in body fl uids and 
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The ‘omic’ technologies
 A brief description only of these supplemental tech-
nologies is given below. A balanced view of the use 
of these technologies in toxicology is given by Lynch 
and Connelly  [11] . These techniques are not part 
of mandatory regulatory toxicology, but are being 
used increasingly to provide supplementary and sup-
portive data alongside the required studies. To this 
end, they mainly contribute to mechanistic explana-
tions and biomarker development for animal and 
human use (references). The US FDA is strongly 
encouraging voluntary exploratory data submission 
of data generated using  ‘ omic ’  technologies in order 
to build up and further develop the experience with 
techniques, analysis, interpretation and limitations 
of such data on both sides, the FDA as well as the 
sponsors. In case data derived from  ‘ omic ’  tech-
nologies are used for supporting decisions pertain -
ing to the conduct of pivotal non - clinical or clinical 
trials or to support scientifi c argumentation related 
to, for example, the dose selection, effectiveness or 
mechanism of action of a drug, the FDA requests 
submission of either full or abbreviated reports 
(FDA Guidance for Industry Pharmacogenomic Data 
Submissions, March 2005). Some useful aspects on 
how to implement this guidance have also been pro-
vided by the FDA  [12] . In addition, helpful informa-
tion on the submission of  ‘ omic ’  data can also be 
found in another publication by the FDA where 
they shared their experiences in the review of three 
different  ‘ mock submissions ’  provided by the phar-
maceutical industry  [13] . These  ‘ mock submissions ’  
were independent from any ongoing or future drug 
application and were used to evaluate quality, format 
and content of voluntary genomic data submis -
sions especially on the basis of the MIAME (minimal 
information about a microarray experiment) and 
MINTox (minimum information needed for a toxi-
cology experiment) principles as outlined in a 
proposal of the Microarray Gene Expression Data 
Society  [14] . 

Toxicogenomics or  transcriptomics 
 This technology allows the simultaneous monitoring 
of either a small number of selected messenger RNAs 
(mRNA) from cells and tissues or assessment of tran-
scriptional changes of essentially all genes in a 
genome. As mRNA expression refl ects the rate of 
transcription of the corresponding gene, this gives 
insight to what genes or which pathways are being 
upregulated in expression, downregulated or whose 

From an ethical point of view, toxicologists always 
have to bear animal rights in mind when designing 
appropriate safety testing programmes. Russell and 
Burch  [10]  propounded the concept of the three R ’ s 
in relation to use of animals in research: reduction of 
animal use; refi nement of testing which requires 
fewer animals; and replacement of animal studies by 
in vitro  methods. This concept is becoming more 
integrated into mainstream research as better tools 
are now available to allow this approach to become 
much more of a reality. European regulatory law bans 
the use of animals if the required knowledge can be 
gained by other means. 

 Preclinical safety testing of pharmaceuticals is 
subject to thorough regulatory review. Regulatory 
agencies around the world have issued guidelines, 
which lay down their expectations of a thorough 
testing and assessment programme. Up to the early 
1990s, these guidelines were very diverse and not nec-
essarily consistent with each other. This has often led 
to repetition of animal experiments. This was recog-
nised as a hindrance to innovation and animal rights. 
For about 20 years now, the International Conference 
on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use 
(ICH) has issued guidelines, which are applicable for 
both industry and regulatory authorities. The process 
started in the three major economical regions (the 
EU, the USA and Japan), but many other countries 
and regions have either adopted the ICH guidelines 
or are following them. ICH guidelines in the preclini-
cal safety areas are abbreviated as  ‘ ICH S ’  guidelines. 
Multidisciplinary guidelines are termed  ‘ ICH M ’  
guidelines. When new scientifi c knowledge is gener-
ated, existing ICH guidelines undergo a so - called 
maintenance process. Revised ICH guidelines are rec-
ognisable by the letter  ‘ R ’ . The ICH process of gener-
ating guidelines and ensuring their international 
acceptance has been a major international success 
story. The industry can rely on regulatory consistency 
and animal experiments can be conducted in a way 
that avoids unnecessary repetition. Important addi-
tional guidelines have been issued by the Committee 
for Medicinal Products for Human Use (CHMP) of 
the EU and from the US FDA. The safety guidelines 
can be found on the respective ICH website or on the 
websites of the regional regulatory agencies (see refer-
ences for their internet addresses). Most of the prin-
ciples of preclinical safety testing that are laid down 
in this chapter are referring to ICH, CHMP and FDA 
guidelines. 
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available for the market (e.g. Invitrogen ’ s ProtoArray 
Human Protein Microarray System). In contrast to 
2D - PAGE technology, the application of these protein 
microarrays is slightly different. Whereas 2D - PAGE 
with subsequent MALDI or SELDI analysis allows the 
identifi cation of unknown differentially expressed 
proteins, protein microarrays are used to study 
protein – protein interactions or for investigation of 
the specifi city of antibodies  [20] . 

 These  ‘ omic ’  technologies have yielded a wealth of 
new potential biomarkers for different types of toxic-
ity over the last few years. One of the challenges now 
is to select the most promising biomarkers and to 
validate them appropriately in order to enable their 
application on a routine basis. One technique that is 
worth mentioning in this context is tissue microar-
rays (TMAs). TMAs consist of up to several hundred 
tissue cores of approximately 1   mm in diameter 
which are positioned on an array. Specifi c changes in 
mRNA or protein expression in these tissue cores 
can subsequently be investigated by  in situ  hybridisa-
tion or immunohistochemistry and intracellular 
localisation of expression changes can be determined. 
Although representing a useful tool for the validation 
of biomarkers, major drawbacks of this technique 
remain: the successful application of TMAs depends 
on the availability of reliable antibodies and the 
selected tissue cores may not be representative for the 
remaining tissue or organ  [21] .  

Metabonomics
 Metabonomics, in the context of this chapter, aims 
to defi ne the status and dynamic changes of the 
endogenous metabolite profi le in biofl uids or tissues 
of animals or in  in vitro  systems in response to 
toxic insults. The most commonly applied methodol-
ogy is  1 H nuclear magnetic resonance (NMR) spec-
troscopy, which yields a spectrum describing all 
relatively low molecular weight metabolites such as 
lipids, amino acids and carbohydrates (typically up to 
∼ 1000   kDa) in studied materials  [22] . Study of bio-
logical fl uids such as urine is attractive as it is non -
 invasive and can allow real time measurements to be 
made including those that can occur in recovery from 
a toxicity. 

 Successful applications of metabonomics include 
the identifi cation of lyso -  bis  - phosphatidic acid in 
biofl uids from rats treated with amiodarone (a cati-
onic amphiphilic compound) as a potential biomar-
ker for phospholipidosis as well as the identifi cation 
of a  ‘ metabolic fi ngerprint profi le ’  in the urine of 

expression is not changed following a given treatment 
or in a particular disease state. Thus, cells or tissues 
can be monitored before and after exposure to a toxin 
to determine the cells response to the toxin. From this 
information, patterns of gene expression or, in rare 
cases, single gene changes can be linked to specifi c 
types of toxicity (e.g. liver toxicity, kidney toxicity, 
carcinogenicity) or to potential mechanisms of toxic-
ity such as oxidative stress, apoptosis and necrosis 
 [15] . In addition, biomarkers for specifi c toxicities 
may be identifi ed which can be used for the purpose 
of monitoring for specifi c toxicities in upcoming pre-
clinical or clinical studies. A thorough example on 
how transcript analysis and functional characterisa-
tion can go together for assessment of the relevance 
of liver hypertrophy in the rat can be found in Boitier 
et al.  [16] .  

Toxicoproteomics 
 Compared with the genome, the proteome (the entire 
diverse protein content of a cell) is a far more dynamic 
system. Proteins undergo post - translational modifi -
cations such as phosphorylation, glycosylation and 
sulphation, as well as cleavage for specifi c proteins 
 [17] . These alterations determine protein activity, 
localisation and turnover. All are subject to change 
following a toxic insult and in some ways the study 
of proteins holds more promise than the study of 
gene expression as they are nearer to key activities in 
the cell. 

 Several techniques have been used to display 
protein profi les [e.g. the proteins can be separated by 
two - dimensional poly - acrylamide gel electrophoresis 
(2D - PAGE)]. Differentially expressed or modifi ed 
proteins associated with treatment may be identifi ed 
by their absence or by the appearance of new spots 
on the gel followed by isoelectric focusing in the fi rst 
dimension and molecular weight separation in the 
second. Proteins can be identifi ed from historical data 
or by excising the spots followed by peptide cleavage 
and sequencing. Matrix - assisted laser desorption/
ionisation (MALDI) mass spectrometry is being used 
increasingly to identify the spectrum of peptides  [18] . 
This area is developing quickly, but technical chal-
lenges remain to identify important low abundance 
proteins, which are often masked on gels by high 
abundance proteins  [19] . Protein chips coated with 
specifi c surfaces to identify protein classes (e.g. 
Ciphergen ’ s SELDI ProteinChip system) are also of 
interest. Recently, the fi rst human protein arrays con-
taining up to 8000 human proteins have been made 
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safety biomarkers in six workgroups: carcinogenic -
ity, kidney, liver, muscle, vascular injury and cardiac 
hypertrophy. All biomarker research programmes 
have a strong translational focus to select new safety 
tools that are applicable across the drug development 
spectrum. This PTSC initiative resulted in an impor-
tant milestone in 2010 with the publication of new 
biomarkers for renal toxicity in a special issue in 
Nature Biotechnology  (Issue No. 28 in 2010)  [27] . The 
seven biomarkers in the panel are kidney injury 
molecule - 1, albumin, total protein,  β 2 - microglobulin, 
cystatin C, clusterin and trefoil factor 3. 

 In the EU, the joint industry and regulatory Predic-
tive Toxicity consortium under the umbrella of the 
Innovative Medicines Initiative is currently asking for 
research proposals on human induced pluripotent 
stem cells for drug discovery and safety assessment 
( http://www.imi.europa.eu/content/4th - call - 2011 ). 
Such cells have recently been described as valuable 
tool for assessment and prediction of clinical out-
comes for cardiotoxicity of kinase inhibitors  [28] . In 
the UK, a public – private partnership has been 
established:

  To enable the creation of a bank of stem cells, open protocols 

and standardized systems in stem cell technology that will 

enable consistent differentiation of stem cells into stable 

homogenous populations of particular cell types, with physi-

ologically relevant phenotypes suitable for toxicology testing 

in high throughput platforms 

  www.sc4sm.org     

 There is great hope that stable human disease pheno-
types will allow for a better, disease relevant, human 
safety assessment than established animal models.   

The drug development process 
 The usual sequence of events in the modern drug 
development process is shown in Figure  3.1 . There is 
an increasing focus on trying to select more easily 
developable molecules at an early stage, so that the 
chance of failure at the very expensive later phases 
is minimised. Pharmaceutical companies therefore 
decide on which properties of a new molecule are key 
to faster development; for example, selection of 
soluble compounds or their salt forms for good 
oral bioavailability or to facilitate bioavailability of 
hardly soluble compounds by suitable formulation 
approaches including excipients. Amongst these is 
the selection of molecules with low or acceptable tox-
icity. Thus, a company may decide to develop high -
 throughput  in vitro  screens for cytotoxicity for use at 

rats treated with different peroxisome proliferator -
 activated receptor agonists that mapped to the tryp-
tophan pathway and may have potential as a 
biomarker for peroxisome proliferation  [23] . 

 With all of these methods, understanding what is 
the  ‘ normal ’  spectrum and also separating adaptive 
changes following changes in physiology brought 
about by dietary or diurnal changes, from true 
toxicity - related changes, is paramount  [24] .  

Bioinformatics
 The  ‘ omic ’  technologies produce massive amounts of 
data. The analysis of these data is a huge challenge 
and requires complex statistical analysis to identify 
key changes through pattern recognition and pathway 
analysis. In addition, large databases of historical data 
are needed to make the most of any fi ndings. There 
are some major initiatives in progress to allow the 
integration of the data from these technologies 
together with biological networks and traditional 
fi elds such as pathology and clinical chemistry. These 
initiatives include efforts by regulatory authorities 
such as the ArrayTrack software developed at FDA ’ s 
National Center for Toxicological Research and pro-
viding a means of management, analysis and inter-
pretation of quality - checked microarray data  [25] . In 
addition, the PredTox group of the InnoMed Initia-
tive has developed a database integrating  ‘ omics ’ , his-
topathology, clinical pathology, TMAs and in - life 
data enabling queries across  ‘ omic ’  and traditional 
toxicology study endpoints  [26] . A further public 
comparative toxicogenomics database (termed  ‘ ctd ’ ) 
is available via  http://ctdbase.org/ . This database is 
sponsored by the US National Institute of Environ-
mental Health Sciences.  

Current  collaborative  efforts to enhance predictivity 
of animal safety testing for humans – new
biomarkers and  pluripotent stem cells
 While animal safety testing has made the develop-
ment of medicines for humans safe and effective, it 
has been recognised that important aspects of human 
toxicity are not fully covered yet. In this context, two 
recent collaborative efforts for the generation of more 
predictive data for human safety have to be men-
tioned. The FDA, the EU and the Japanese regulatory 
authorities aim to increase the number of non - clinical 
biomarkers of safety through the Predictive Safety 
Testing Consortium (PTSC), a public – private part-
nership led by the non - profi t Critical Path Institute. 
The 17 corporate members of the PTSC consortium 
share internal experience with preclinical and clinical 
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tors), which can be used to fi lter out possible toxic 
compounds at an early stage. Molecular biology is also 
providing opportunities (e.g. antisense probes, knock-
out mice) for exploring the receptors chosen as drug 
targets and discovering at an early stage if changes in 
such targets result in toxicological liabilities  [29] .  

  Risk –  b enefi t 
 The regulatory toxicology programme (which sup-
ports clinical trials and registration of compounds) 
runs in parallel with the clinical programme. Single -
 dose studies in healthy volunteers (phase I studies) 
require less toxicological support than multiple doses 
in patients with disease characteristics. There are four 
phases of the clinical programme (Box  3.1   ). As the 
programme progresses through the various phases 
several things change.
   1.     The treated population changes from healthy vol-
unteers in phase I to patients specifi c to the diseased 
target population in phase II. This is true with a few 
exceptions, such as in oncology. Here, end stage 
tumour patients will often be treated with com-
pounds that possess intrinsic toxicities to explore a 
balance between toxicity and effi cacious doses.  
  2.     The duration of exposure to the drug can increase 
from a single dose in phase I to prolonged repeated 
dosing for drugs being developed for chronic therapy.  
  3.     Men are usually the volunteers in phase I and 
women enter the programme typically in phase II 
(unless a female - specifi c medicine is being developed 
or there is an indication that there may be important 
gender - specifi c effects).  
  4.     The monitoring of volunteers and/or patients 
becomes less strict throughout the programme. A 
volunteer in phase I often stays in a clinic and be very 
closely monitored for any signs of toxicity, whereas a 
patient in a phase III trial may only be required to 
return to their physician periodically.  

the lead optimisation stage. Certainly, by the  ‘ candi-
date selection ’  stage, where there may be three or four 
possible candidates of which only one may go forward 
(into  in vivo  toxicology and human testing), there is 
a need for reassurance regarding toxicity to help in 
the selection process. Thus, companies may decide to 
screen for  ‘ show - stopping ’  toxicities; for example, 
effects on cardiovascular parameters such as severe 
electrophysiological changes, genetic toxicity and also 
a preliminary screen for whole animal toxicology in 
the rat or mouse, in which three doses may be tested 
in fi ve animals per group, dosing for a short period 
of up to 14 days, depending on the target character-
istics and compound availability. This would be 
expected to fl ag up marked toxicities and allow 
ranking or elimination of specifi c candidates. The 
same compounds would also go through screens 
in other preclinical functions (e.g. pharmacy, drug 
metabolism and pharmacokinetics) and the informa-
tion pooled, along with the likely cost of manufactur-
ing the compounds by the chemical synthesis routes 
identifi ed. All of this information is considered in 
selecting a compound to go forward to the more 
regulatory defi ned activities, where the costs escalate 
rapidly and thus the cost of failure of a compound 
becomes very signifi cant. Typical for these types of 
activities is their exploratory character. This means 
that the tests do not necessarily comply with regula-
tory expectations of Good Laboratory Practice (GLP) 
documentation. Dedicated testing in compliance 
with GLP is generally conducted only on the selected 
clinical candidate.   

 The newer technologies (e.g. genomics, proteom-
ics) also offer the possibility of developing specifi c 
screens for those compounds possessing undesirable 
toxicity (e.g. the ability to induce oxidative damage, 
mitochondrial toxicity, endocrine disruption, inter-
ference with cell cycle check points or nuclear recep-

     Figure 3.1     Drug development process.  
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even more patients have been treated. In general, this 
phenomenon is referred to as  ‘ idiosyncratic ’  toxicity. 

 It should be noted that the reliance on animal tox-
icity data changes throughout clinical development. 
The safety or comfort factor before initial dosing in 
humans is based largely on general toxicity in animals 
(i.e. single -  or repeated - dose studies in which recov-
ery from observed toxicities is assessed), plus safety 
pharmacology studies measuring pharmacologically 
mediated adverse effects on vital systems (i.e. respira-
tory, cardiovascular and central nervous systems) and 
genetic toxicity studies. Human safety data rapidly 
reduce the reliance on information based on general 
toxicity studies in animals. This is not the case, 
however, for the teratogenic or oncogenic potential of 
the drug, which will be based on preclinical data for 
many years even after the drug is marketed. 

 Box  3.2  shows the generic toxicity package typically 
generated before a phase I trial. These trials are 
usually conducted in males, and thus do not require 

5.     The strict control on administration of a drug 
often changes as it switches from the investigating 
physician to the patient. Thus, in phase I the drug is 
administered by the physician whereas in phase III a 
patient may be sent home with a pack of tablets and 
instructed to take two a day.  
6.     The number of people exposed gradually increases.    

 The hazard to the population therefore increases 
throughout the trial process as more people are given 
greater cumulative amounts of the drug in a less con-
trolled and monitored manner. However, with each 
additional patient treated the clinical experience with 
the drug is also increasing, providing a greater safety 
database in the most relevant species (i.e. humans). 
The risk to the individual should therefore decrease 
as the clinical programme progresses. However, as 
the numbers of individuals in early stages of clinical 
trials is low and the numbers of animals studied in 
toxicology studies are limited, more extensive clinical 
exposure in later stages of clinical trials may reveal 
evidence for more, but seldom occurring, potentially 
problematic types of toxicity. Even more importantly, 
evidence for such toxicities may not emerge until 
after marketing authorisation has been granted and 

BOX 3.1    Phases of the  c linical  p rogramme 

  Phase I 

 Initial studies in humans to determine tolerance and 

the safe dosage range and to give an indication to 

metabolic handling. These studies are usually 

undertaken with healthy volunteers but may be 

extended to include patients. Humans exposed: 30 – 50  

  Phase  II  

 Early controlled trials in a limited number of patients 

under closely monitored conditions to show effi cacy 

and short - term safety. These studies will typically also 

include studies for drug – drug interaction. Humans 

exposed: 250 – 500  

  Phase  III  

 Extended large - scale trials to obtain additional 

evidence of effi cacy and safety, and defi nition of 

adverse effects. Humans exposed: several hundred to 

several thousand  

  Phase  IV  

 Post - marketing surveillance occurs after the clinical 

trials programme is complete. It is used to collect 

adverse event data from a large patient population. 

Humans exposed: 10,000 +

BOX 3.2    Basic  p ackage of  d ata for  p hase I  t rials 

1.      Safety pharmacology   –  indication of adverse 

pharmacologically mediated actions on central 

nervous, cardiovascular and respiratory systems 

(pivotal organ systems, the failure of which might 

be acutely deadly)  

2.      Pharmacokinetics   –  preliminary studies on 

absorption, distribution, metabolism and excretion  

3.      Acute toxicity information   –  this information is 

nowadays not directly tested but inferred in the two 

pivotal toxicity testing species from data of the 

highest tolerable doses in range fi nding studies  

4.      Repeat - dose toxicity   –  rodent and non - rodent 

species are required. The duration of the test 

depends on the duration of clinical exposure but 

many companies conduct 14 - day studies in rodents 

and non - rodents before going into humans. Studies 

should be performed using the proposed clinical 

route and at least one species should be a 

pharmacologically responsive species that expresses 

the target pathway of the investigational drug  

5.      Local tolerability/irritancy   –  usually warranted for 

specifi c routes of exposure other than the oral route 

(e.g. subcutaneous, intravenous, ocular)  

6.      Reproductive toxicology   –  usually embryo/fetal 

development studies in two species are required in 

Europe and Japan if women of child - bearing 

potential are included. Not required in the USA for 

some early trials  

7.      Mutagenicity   –  tests for mutagenicity and 

chromosome damage     
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formal reproductive toxicity studies. In the USA, 
women can be included in early trials without any 
animal reproductive toxicity if special precautions are 
taken to ensure that pregnancy does not occur. A 
histopathological assessment of the effects of the test 
compound on the male reproductive tract is made in 
the repeat - dose toxicity tests.   

 In a volunteer study there is no benefi t to the 
individual. There is, of course, some risk but this is 
minimised by the small amounts of drug that are 
administered and the careful monitoring of the vol-
unteer for any adverse signs caused by the drug. Later 
in the programme, when treating patients with a 
disease, there is a possible, but unproven, benefi t that 
they may be cured or symptoms may be alleviated. 
Obviously, for incurable, life - threatening or debilitat-
ing conditions such as AIDS, some cancers and severe 
rheumatoid arthritis, a much higher level of risk (i.e. 
possible toxicity) is acceptable than for other less 
serious conditions. Some cancer chemotherapy, as 
well as being highly toxic to dividing cells, may in 
itself be carcinogenic, but any risk for induction of 
secondary cancers from the treatment can be toler-
ated mainly because of the relatively short life expect-
ancies of patients with cancer. The various safety 
studies, from those that are necessary to evaluate the 
risk of exposing the fi rst human to those required by 
regulatory authorities in order to market a medicine, 
are essential elements of a fundamental ICH guide-
line. This guideline,  Guidance on Non - clinical Safety 
Studies for the Conduct of Human Clinical Trials and 
Marketing Authorization for Pharmaceuticals  (ICH 
M3, with  ‘ M ’  as an abbreviation of multidisciplinary), 
is one of the most important ICH guidelines in that 
it gives guidance to industry about the expectations 
of the regulatory agencies on the extent and duration 
of non - clinical safety studies to cover the various 
stages of clinical trials (Table  3.1 ).    

Good Laboratory Practice 
 It is important to ensure the quality and reliability of 
safety studies. This is normally assured by following 
GLP regulations. Any deviation from this must be 
justifi ed.   

Preclinical  safety pharmacology

 Once a compound, or a small series of compounds, 
has been identifi ed as a potential development candi-
date, preclinical safety pharmacology studies are con-
sidered. It has been estimated that about 75% of acute 

Table 3.1    Duration of repeated - dose toxicity studies to 

support the conduct of clinical trials in all regions 

   Maximum 
duration of 
clinical trial  

   Minimum duration of 
repeated - dose toxicity studies 
to support clinical trials  

   Rodents     Non - rodents  

  Up to 2 weeks    2 weeks  a      2 weeks  a 

  Between 2 weeks 

and 6 months  

  Same as clinical 

trial  b 

  Same as clinical 

trial  b 

> 6 months    6 months  b,c      9 months  b,c,d 

 a      In the USA, as an alternative to 2 - week studies, extended 

single - dose toxicity studies can support single - dose human 

trials. Clinical studies of less than 14 days can be supported 

with toxicity studies of the same duration as the proposed 

clinical study.  
 b      In some circumstances clinical trials of longer duration 

than 3 months can be initiated provided the data are 

available from a 3 - month rodent and a 3 - month 

non - rodent study, and that complete data from the chronic 

rodent and non - rodent study are made available, consistent 

with local clinical trial regulatory procedures, before 

extending dosing beyond 3 months in the clinical trial.  

  For serious or life - threatening indications or on a 

case - by - case basis, this extension can be based on complete 

chronic rodent data and in - life and necropsy data for the 

non - rodent study. Complete histopathology data from the 

non - rodent should be available within an additional 3 

months.  
 c      There can be cases where a paediatric population is the 

primary population, and existing animal studies have 

identifi ed potential developmental concerns for target 

organs (toxicology or pharmacology). In these cases 

long - term toxicity testing starting in juvenile animals can 

be appropriate.  
 d      In the EU, studies of 6 months ’  duration in non - rodents 

are considered acceptable. However, where studies with a 

longer duration have been conducted, it is not appropriate 

to conduct an additional study of 6 months.  

  The following are examples where non - rodent studies of 

up to 6 month duration can also be appropriate for Japan 

and the USA: (i) When immunogenicity or intolerance 

confound conduct of longer term studies. (ii) Repeated 

short - term drug exposure even if clinical trial duration 

exceeds 6 months, such as intermittent treatment of 

migraine, erectile dysfunction or herpes simplex. 

(iii) Drugs administered on a chronic basis to reduce the 

risk of recurrence of cancer. (iv) Drugs for indications for 

which life expectancy is short.   
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cokinetic profi le (e.g. differences in adsorption, dis-
tribution, metabolism and elimination), species, 
strain, sex and age of the experimental animals, 
the susceptibility, sensitivity and reproducibility of 
the test system, and available background data on the 
substance.  In vitro  systems, including isolated organs 
and tissues, cell cultures, cellular fragments, subcel-
lular organelles, receptors and ion channels, can also 
provide valuable information. These can identify 
potential problems and also help to defi ne mecha-
nisms of effects seen  in vivo . 

In vivo  studies are preferably carried out using 
unrestrained, not anaesthetised animals. Animals can 
be fi tted with transmitters that allow data to be col-
lected by telemetry. As for all animal studies, avoid-
ance or minimisation of pain and discomfort is an 
important consideration. Information from the toxi-
cological battery of studies, if they have been ade-
quately designed to address safety pharmacology 
endpoints, can result in reduction or elimination of 
separate safety pharmacology studies.  

Experimental design
Controls 
 Appropriate controls should be used [e.g. test systems 
exposed to the vehicle in which the test compound has 
been dissolved or suspended (negative control)]. The 
new ICH guideline also suggests that in some cases a 
compound known to have an adverse effect in a spe-
cifi c test system (positive control) should be used.  

Route
 In general, the expected clinical route of administra-
tion should be used when feasible. Regardless of 
route, exposure to the parent compound and its 
major metabolites should be similar or greater than 
that observed in humans. Because safety pharmacol-
ogy studies are carried out before human studies are 
initiated, this may have to be inferred from informa-
tion derived from  in vitro  studies; for example, with 
human hepatocytes and/or from information from 
similar compounds that have been used in humans. 
In some cases, early low - dose human studies may 
show that signifi cant metabolites are formed in 
humans but were not formed in the animals used in 
safety pharmacology studies. In these circumstances, 
further studies will be needed in animals using iso-
lated or chemically synthesised human metabolites.  

Dose levels in vivo
 It is necessary to defi ne the dose – response relation-
ship of any adverse effects observed. The onset and 

adverse drug reactions (ADRs) in humans can poten-
tially be predicted by primary, secondary and safety 
pharmacology studies  [30] . Such studies are single -
 dose studies in animals to determine whether the 
chosen candidates have (as opposed to frank toxico-
logical) side effects that affect pivotal organ systems 
in an acute manner and hence would preclude or 
limit their initial evaluation in humans. Because these 
studies give an indication of potential safety margins 
after acute doses, it is generally the  Cmax  and not 
the total exposure that is driving the margin consid-
erations. Safety pharmacology studies measure the 
pharmacodynamic actions of drug candidates on 
vital cardiovascular, respiratory and central nervous 
systems. There may be concerns that would extend 
such studies to other systems (e.g. kidney, gastroin-
testinal tract). The outcome of safety pharmacology 
studies will generally infl uence the setting of a safe 
starting dose for fi rst human volunteer studies, and 
will give an idea about maximum tolerated doses and 
what kind of side effects to expect in the fi rst single 
or repeat - dose human trials for tolerability. In case of 
severe concerns regarding human pivotal organ 
system function, studies in humans may nevertheless 
begin but an online monitoring of human exposure 
may be warranted including setting a ceiling for 
human dosage and/or exposure. 

Regulatory guidelines
 An ICH guideline was agreed in November 2000. This 
guideline replaces any previous guidance for safety 
pharmacology studies to register pharmaceuticals in 
the USA, EU and Japan. This guideline was comple-
mented by a specifi c guideline on non - clinical studies 
for delayed ventricular repolarisation (QT prolonga-
tion) as of 2005. 

 When deciding on the specifi c tests to perform on 
a new chemical entity, the following factors should be 
considered.
1.     Mechanism of action, as adverse effects can be 
associated with desired effects (e.g. anti - arrhythmic 
agents in some circumstances can be pro - arrhythmic).  
2.     Class - specifi c effects [e.g. disturbances of normal 
electrocardiogram (ECG) associated with many 
antipsychotics].  
3.     Ligand binding or enzyme assay data may suggest 
a potential for adverse events.     

General  considerations 
 When selecting the relevant test models, factors to 
consider include the pharmacodynamic responses of 
the model (e.g. changes in blood pressure), pharma-
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ters. Effects on body temperature should also be 
measured.  

Cardiovascular  system
 The ICH guideline lists the assessment of effects on 
blood pressure, heart rate and ECG.  In vivo ,  in vitro
and/or ex vivo  evaluations, including methods for 
electrical repolarisation and conductance abnormali-
ties, should also be considered. These abnormalities 
can be associated with risks for fatal ventricular 
arrhythmias [e.g. torsade de pointes (TdP)]. 

 In recent years, pro - arrhythmic properties of some 
non - cardiovascular drugs received particular regula-
tory and pharmaceutical industry attention because 
it was recognised that the highest frequency of drug 
withdrawals from the market was attributable to a 
single adverse drug reaction (i.e. fatal ventricular 
tachyarrhythmias of the TdP type)  [33,34] . Per defi -
nition, the underlying cause for the development of 
TdP is a delayed cardiac repolarisation that can be 
determined as the prolongation of the QT interval on 
the surface ECG  [35] . Most if not all of the non - anti -
 arrhythmic agents associated with the liability to 
induce TdP prolong the QT interval with the same 
mechanism, namely block of the potassium current 
conducted by the channel encoded by the human 
ether - a - go - go related gene (hERG)  [36] . In reaction 
to accumulating issues in clinical trials and post -
 marketing events in this area, in 1997 a regulatory 
 ‘ points to consider ’  document was issued by the Euro-
pean Committee for Proprietary Medical Products 
(CPMP, now called the CHMP). This document 
describes the use of  in vitro  and  ex vivo  test systems 
for measuring disturbances in electrophysiology. 

 In 2005, an ICH guideline has been issued entitled 
ICH S7B, Note for Guidance on Safety Pharmacology 
Studies for assessing the Potential for Delayed Ven-
tricular Repolarization (QT Interval Prolongation) 
by Human Pharmaceuticals.  The core study recom-
mended by the guideline is an  in vivo  study in telem-
etered non - rodents to measure ECG changes in the 
presence of the test compound. This guideline also 
discusses the use of tests for changes in electrophysi-
ology. For example, the guideline discusses the use of 
hERG potassium (IKr rectifi er channel) models. 
These models use isolated cells (e.g. Chinese hamster 
ovary cells or human HEK293 cells) that contain 
cloned hERG genes  [37] . For determination of inter-
actions with the cardiac ion channels such as hERG, 
it is common practice to try to achieve approximately 
a 30 - fold margin between a signifi cant interaction 
in vitro  (e.g. IC 20 ) and the free plasma concentration 

duration of effects should be measured. Because there 
are differences in sensitivity between species, the 
doses chosen need to exceed those expected to be 
used therapeutically. The ICH guideline states that 
the highest dose tested should be one that produces 
moderate adverse effects (e.g. dose - limiting pharma-
codynamic effects or other toxicities). Such effects 
should not be so severe that they confound the inter-
pretation of the results being sought. In this context, 
safety pharmacology studies are normally not con-
ducted to similarly high dose levels as standard toxic-
ity studies. Dose – effect relationships may not follow 
usual patterns of increase with dose. Instead, satura-
tion on receptors may produce bell - shaped dose –
 effect relationships, which should not be missed 
when extrapolating animal data for human safe 
dosing regimens. Safety pharmacology studies are 
generally performed by administration of single 
doses rather than repeated dosing but repeat - dose 
approaches can be helpful in cases in which an acute 
effect is expected to attenuate over time. For fi rst - in -
 human trials this can be very helpful information 
(e.g. an activation of the autonomic nervous system 
can be a primary reaction towards treatment but may 
disappear with repeated treatment).  

Dose levels in vitro
 As for  in vivo  studies, it is necessary to establish a 
concentration – effect relationship. The upper limit 
of concentrations tested may be infl uenced by physi-
cochemical properties of the test substance and other 
factors such as cytotoxicity. In such  in vitro  studies, 
it is generally desired to obtain a suffi cient margin 
between the concentrations of a test item that pro-
duces a desired interaction with the pharmacological 
target versus the concentrations that can impact on 
targets relevant for pivotal organ system function.   

Safety pharmacology core  battery
 The preliminary focus of safety pharmacology studies 
is to measure the effects of the test substance on the 
cardiovascular, respiratory and central nervous 
systems, interaction with which could be potentially 
acutely lethal or otherwise health threatening. 

Central  nervous system
 The ICH guideline lists assessment of the effects of 
the test compound on motor activity, behavioural 
changes, coordination and sensory/motor refl ex re -
sponses. A so - called functional observation battery 
 [31]  or Irwin ’ s battery  [32]  will cover these parame-
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dose and predict effects of over - dosage in humans. 
However, according to recent developments in the 
area of the pivotal ICH guideline that describes the 
studies needed to cover human clinical trials (the ICH 
M3 guideline), such information can be obtained 
from appropriately conducted dose escalation studies 
or short - duration dose ranging studies that defi ne a 
maximum tolerated dose in the general toxicity test 
species. It is also proposed that equally appropriate 
studies include those that achieve large exposure mul-
tiples [e.g. 50 - fold the clinical  Cmax  or area under the 
curve (AUC) at the intended human dose], achieve 
saturation of exposure or use the maximum feasible 
dose. In all cases, a limit dose of 2000   mg/kg/day in 
rodents and 1000   mg/kg/day in non - rodents is con-
sidered appropriate for acute, subchronic and chronic 
toxicity studies. When this acute toxicity information 
is available from any study, separate single - dose 
studies are not recommended.  

Repeat-dose studies

 The duration of repeat - dose animal studies to 
support both clinical trials and marketing applica-
tions is given in Tables  3.1  and  3.2 , which are taken 
from the revised ICH M3(R) guideline on the timing 
of  Non - Clinical Safety Studies for the Conduct of 
Human Clinical Trials for Pharmaceuticals , as of June 
2009.   

 Repeat - dose toxicity studies should be performed 
in a rodent, typically the rat, and a non - rodent of 
which at least one species should be responsive to the 
target pathway on which the investigational drug acts. 
The longer the duration of human exposure the 
longer must be the duration of the toxicity studies. 
The ICH guideline builds on the general principle 
that for clinical trials of up to 6 months, the clinical 
duration can equal the duration of the toxicity studies 

at the therapeutic dose. For some targets this may not 
be feasible and thus early assessment of liabilities in 
the clinical setting become very important.  

Respiratory  system
 The ICH guideline mentions measurements of airway 
resistance, airway compliance, tidal volume and 
blood gases.  

Supplementary safety pharmacology studies
 The core battery of studies should be carried out 
before a substance is administered to humans for the 
fi rst time. Any follow - up or supplementary safety 
pharmacology studies should be carried out if there 
is a cause for concern raised from the toxicological 
battery of tests and/or from studies in humans. 

 Novel centrally acting drugs may need to be tested 
for abuse potential (see also  ‘ Dependence potential ’ , 
later). Primate self - administration tests may be used 
preclinically to assess abuse potential. However, it 
should be borne in mind that regulatory authorities 
such as the US FDA give more weight to negative 
evidence of abuse potential from clinical assessment 
(e.g. in experienced drug abusers) than to negative 
evidence from animal studies. 

 Investigation of potential adverse interactions with 
drugs likely to be co - prescribed with the test drug 
may also be required. A generalised approach, such as 
the determination of effects on hepatic drug metabo-
lising enzymes, may be suffi cient but in most cases a 
number of drug - specifi c interaction studies will also 
be required. 

 The effects of the drug on the duration of loss of 
the righting refl ex (sleeping time) in mice pretreated 
with pentobarbital can be used as a broad screen for 
detecting effects on hepatic drug metabolism. At the 
relatively high dose used in this test, pentobarbital 
is a substrate for a large range of hepatic enzymes. 
Although sedative actions of drugs can increase sleep-
ing time, unlike hepatic enzyme inhibitors, sedative 
drugs also potentiate loss of righting refl ex induced 
by barbitone, which is excreted unchanged.    

Single-dose studies

 Historically, acute toxicity information has been 
obtained from single - dose toxicity studies in two 
mammalian species using both the clinical and a 
parenteral route of administration. Such studies were 
generally required to evaluate effects that may result 
from acute exposure to the maximum non - lethal 

Table 3.2    Duration of repeated - dose toxicity studies to 

support marketing in all regions 

   Duration of indicated 
treatment  

   Rodent     Non - rodent  

  Up to 2 weeks    1 month    1 month  

> 2 weeks to 1 month    3 months    3 months  

> 1 month to 3 months    6 months    6 months  

> 3 months    6 months c     9 months c,d

   For footnotes c and d see Table  3.1 .   
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as of January 2006) have issued guidelines for such 
approaches and the new ICH M3(R) guideline also 
contains various options for an exploratory initial 
clinical evaluation. The approaches offered to the 
pharmaceutical industry are characterised by an 
abbreviated preclinical safety testing programme 
mostly regarding length and dose levels of animal 
studies to support these exploratory human volun-
teer studies. 

Maximum repeatable dose study to 
obtain information about the 
maximum tolerated  dose
 An MRD study will be carried out for each species by 
each route of administration to be used in subsequent 
repeat - dose toxicity studies. It is usual to conduct an 
escalating - dose MRD study, in which increasingly 
larger dosages are administered to the same group 
of animals every 3 – 4 days until signifi cant toxicity 
occurs. The highest dose may then be given for a 
short period of time in a repeat fashion. However, if 
local irritancy or target organ toxicity is likely to limit 
the dose, or if tolerance to repeated dosing is antici-
pated, a fi xed - dose study is more useful. The aims of 
both types of study are to determine a profi le of toxic 
effects, including target organ toxicity, and to evaluate 
pharmacokinetic parameters [i.e. to determine evi-
dence of absorption by measuring the time to reach 
(Tmax ) the maximum plasma concentration ( Cmax ) 
and to provide an indication of exposure by the area 
under the plasma time – concentration curve (AUC), 
the plasma elimination half - life (T 1 / 2 ) and the 
minimum plasma concentration ( Cmin ) after single 
and repeat doses]. The pharmacokinetic determina-
tions obviously depend on a suitable assay for the 
drug being available. While in a MRD study in 
rodents, animals are usually sacrifi ced at the end of 
the study and a full histopathological evaluation of 
organs is carried out; this is not necessarily per-
formed in non - rodents. Hence, non - rodents (dogs, 
monkeys) may be used for further studies on other 
compounds after a suitable washout period.  

Defi nitive  repeat-dose toxicity  studies
 The aims of these studies are to further characterise 
any target organ toxicity identifi ed in earlier studies, 
to determine any new target organs not seen in earlier 
studies, to determine and consolidate the no observed 
adverse effect level (NOAEL). The NOAEL will 
usually be used to derive human safety or exposure 
margin estimations. These studies should also check 
whether the pharmacokinetics determined in earlier 

in all regions. For longer clinical trials, generally those 
in phase III, a maximum duration of 6 months in 
rodents and, in general, 9 months in non - rodents is 
applicable. Filing for registration needs support with 
study durations as per Table  3.2 . For example, appli-
cation for registration of an antibiotic, which is not 
used in humans for longer than 4 weeks, needs to be 
supported by 3 - month toxicity study in rodents and 
non - rodents. 

 The doses for the defi nitive repeat - dose studies are 
usually based on preliminary dose escalating studies. 
The design of such studies varies between companies. 
Spurling and Carey  [38]  have published a study 
design that allows the maximum amount of both 
toxicological and kinetic data to be obtained by using 
a minimum number of animals. The highly predic-
tive nature of these maximum repeatable dose (MRD) 
studies in assessing the outcome of longer duration 
studies has been established  [39] . 

 Toxicity studies usually follow the sequence: single 
ascending dose (SAD) up to the maximum tolerated 
dose (MTD), 2 weeks dose - range - fi nding (DRF), 1 
month, 3 or 6 months, and 9 months. The choice of 
duration usually depends on the length of clinical 
trial to be supported. It should be noted that the ICH 
guideline for duration of non - rodent species (see 
footnote to Table  3.1 ) allows the chronic non - rodent 
study to be limited to 9 months and nowadays seldom 
requires a 12 - month study (e.g. for new targets or if 
a paediatric population is treated). In Europe only, a 
6 - month non - rodent study is acceptable to support 
chronic human therapy. It is evident that sometimes 
chronic toxicity studies can get on the critical path for 
continuation of clinical trials. Hence, an option is 
provided to extend a clinical trial to more than 3 
months of treatment for serious or life - threatening 
indications, or on a case - by - case basis (to be dis-
cussed with health authorities), if the non - rodent 
chronic toxicity study has not been fi nished. In such 
cases, in - life and necropsy data from the chronic non -
 rodent animal study must be provided and the full 
histopathology data must be available within 3 
months. The route of administration should be 
similar to that employed clinically. 

 In the early drug development context, it is worth-
while to consider an exploratory clinical strategy, 
which enables to administer one or several low doses 
of a pharmaceutical candidate to human volunteers 
under rather strict conditions. These conditions do 
not enable dose escalation in human volunteers to the 
normally explored levels of (in)tolerability in phase 
I. The EU and the US FDA ( Exploratory IND Studies
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by metabolism is observed, an initial period of dose 
increments may be advisable but should not normally 
exceed 1 week. In the absence of any human data the 
selection of doses in fi rst animal repeat - dose toxicity 
studies based on likely human exposure often remains 
a challenge. 

Study interpretation 
 The type of observations include those made in 
MRDs (i.e. clinical observations, body weight, hae-
matology, clinical chemistry, urine analysis, plasma 
drug concentration, macroscopic and microscopic 
post - mortem examination) as well as ophthalmos-
copy, electrocardiography (in non - rodents) and 
organ weights. Although some types of toxicity may 
be obvious, more subtle changes may be diffi cult to 
separate from normal variation. Selection of suitable 
control groups for comparison with drug - treated 
animals is therefore vital, as is adequate pre - dose 
evaluation of various measurements. 

 Control animals usually receive a quantity of 
vehicle equal to the highest administered to the test 
groups. When the test material infl uences pH or tox-
icity of the dosing solution and these properties are 
pertinent to the route of administration, the quanti-
ties of excipients administered to control animals 
may have to differ from those administered to the test 
animals; in such cases it may be more important for 
test and control solutions to have the same physico-
chemical properties. Similarly, it may be necessary 
to administer qualitatively different excipients to the 
controls in order to keep the physical properties of 
test and control materials the same (e.g. in an intra-
venous study, if simple aqueous solutions of the test 

studies are changed and whether dose or exposure 
levels without evidence for adverse effects are declin-
ing over time. Following the dosing period, a number 
of animals are often retained but not dosed any more 
to allow for observation of recovery from any toxic 
changes. This recovery period is usually 1 week for 
14 - day and 1 - month studies, and 2 weeks for studies 
of 3 months or more. However, depending on the 
turnover or development characteristics of the 
affected target organs, extended recovery periods may 
be necessary, especially in chronic toxicity studies. 
Information on recovery from induced organ changes 
is needed for safety guidance for humans. The study 
design is outlined in Table  3.3 .   

 Animals are usually dosed once daily during the 
dosing period. This may be increased to twice or three 
times a day to mimic human dosing or to create a 
kinetic profi le in animals similar to that seen or pre-
dicted in humans. The low dosage is a small multiple 
of the estimated clinical dose (usually less than fi ve-
fold), based whenever possible on predicted or actual 
comparative kinetic data. The high dosage may be the 
MTD, the maximum non - irritant or minimally irri-
tant dose, the maximum practicable/feasible dose 
(based on the physicochemical properties of the dose, 
but usually not less than  ∼ 100 times the intended 
clinical dose) or the dose achieving large exposure 
multiples or saturation of exposure. Interestingly, the 
ICH M3 guideline suggests that a 50 - fold overage in 
exposure in top dose relative to the desired human 
effi cacious exposure is suffi cient. The intermediate 
dose is usually the geometric mean of the low and 
high dosages. If tolerance to repeat dosing is shown 
in the preliminary studies or reduction of exposure 

Table 3.3    Study design for defi nitive repeat - dose studies  –  minumum number of animals of each sex per group 

  Group no.    1    2    3    4     Total number 
of animals     Group name     Control     Low     Intermediate     High  

              1 month toxicity study          

  Rat    12(8)    12    12    12(8)    128  

  Dog/monkey    3(2)    3    3    3(2)    32  

              3 month toxicity study          

  Rat    16(8)    16    16    16(8)    160  

  Dog/monkey    3 or 4(2)    3 or 4    3 or 4    3 or 4(2)    32 – 40  

              6 month toxicity study          

  Rat    20(12)    20    20    20(12)    208  

  Dog/monkey    4(2)    4    4    4(2)    40  

              9 or 12 month toxicity study          

  Dog/monkey    4(2)    4    4    4(2)    40  

   Figures in brackets are animals retained after cessation of dosing for observation of recovery.   
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cinogenicity studies imply to the purist that such 
studies are designed to detect carcinomas. Onco-
genicity refers to any neoplasm, benign or malignant, 
of either epithelial or connective tissue origin. Be -
cause the ICH guideline use the term  ‘ carcinogencity ’  
for such studies, this is also used in this chapter. 

 Carcinogencity studies therefore examine the 
ability of a drug and/or pharmaceutical to produce 
neoplastic changes in a tissue or tissues. Short - term 
genotoxicity studies provide a good indicator of 
carcinogenic potential as most carcinogenic agents 
of concern cause damage to DNA or chromosomes. 
Normally, long - term lifetime animal studies are 
required to demonstrate the realisation of that poten-
tial and also to detect agents that cause neoplasms by 
an epigenetic (i.e. non - genotoxic) mechanism. Such 
epigenetic agents can act by a variety of mechanisms, 
including immunosuppression, chronic tissue injury, 
repeated receptor activation and by disturbing 
hormone homeostasis and thereby increasing cell 
turnover, which increases the chance of developing a 
neoplasm. 

 Because of their size and duration and the corre-
sponding costs involved, carcinogenicity studies are 
usually conducted towards the end of the develop-
ment of a pharmaceutical when clinical effi cacy has 
been established and the majority of the toxicity 
studies have been completed. This means that such 
studies are normally not completed before an appli-
cation for a marketing authorisation is made (i.e. at 
the end of phase III clinical trials). However, it is 
reasonable to investigate the carcinogenic potential 
of a pharmaceutical candidate earlier in the develop-
ment phase under specifi c circumstances. Guidelines 
on the Quality, Safety and Effi cacy of Medicinal Prod-
ucts for Human Use. Hence, in Europe ( EU Guide-
lines on the Quality, Safety and Effi cacy of Medicinal 
Products for Human Use  1989) for example, carcino-
genicity studies will usually be required as part of the 
development of a pharmaceutical preparation in the 
following circumstances.
1.     Where the substance would be used continuously 
for long periods (i.e. more than 6 months) or have a 
frequent intermittent use as may be expected in the 
treatment of chronic illness.  
2.     Where a substance has a chemical structure that 
suggests oncogenic potential.  
3.     Where a substance causes concern as a result of 
some specifi c aspects of its biological action (e.g. a 
therapeutic class of which several members have pro-
duced positive oncogenic results), its pattern of toxic-
ity or long - term retention (of drug or metabolites) 

material are isotonic, the controls should receive 
physiological saline) and if the test material is admin-
istered without a vehicle, the controls are given water 
or are sham - treated. When the likely effects of a 
vehicle are unknown, two control groups, vehicle and 
negative (water, saline or sham - treated), should be 
included in the study. Statistical comparisons should 
initially be made against the vehicle control group. 

 Based on comparisons with an appropriate control 
group, abnormalities identifi ed during the course of 
a study may require additional investigations to be 
undertaken to determine, if practicable, the signifi -
cance, extent or mechanism of toxicity. 

 Statistical analysis is essential in order to gain an 
overview of the very extensive data collected during 
such studies and to highlight any underlying trends. 
This analysis also aids in determining the non - toxic 
effect level required by regulatory authorities. 

 Finally, any effects present at the end of the dosing 
period may be investigated during the following 
recovery period in which a proportion of the animals 
showing effects are retained undosed while recovery 
is monitored. Recovery periods of 2 weeks or 1 month 
are typical. These may not be suffi cient to demon-
strate complete recovery. However, signs of reversibil-
ity should be taken into account when making a risk 
assessment.    

Carcinogenicity  studies

 Lifetime bioassays are conducted in animals to detect 
whether a compound can cause neoplastic changes. 
Neoplasms are caused by a tissue undergoing growth 
that is not under the normal control mechanisms of 
the body. Such growths are often referred to as 
tumours, but this is an imprecise term which can be 
applied to any abnormal swelling. If the neoplasm 
closely resembles its tissue of origin and the growth 
is slow and does not spread to other tissues it is a 
benign neoplasm. Neoplasms that grow quickly and 
invade other tissues and shed cells into blood or 
lymph vessels which lodge and grow at sites distant 
from the original neoplasm are termed malignant. 

 Lifetime bioassays are often referred to as carcino-
genicity or oncogenicity studies. A carcinoma is a 
malignant neoplasm of epithelial cell origin (e.g. 
adrenal adenocarcinoma); its benign counterpart is 
referred to as an adrenal adenoma. Malignant neo-
plasms that arise from connective tissues are termed 
sarcomas (e.g. fi brosarcoma). The benign counter-
part of the malignant fi brosarcoma is a fi broma. Car-
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trials. In the USA, the FDA have requested some com-
panies in these circumstances to provide data from 
an in vitro  Syrian hamster embryo (SHE) transforma-
tion assay. In this assay pluripotent cells are grown in 
culture. It is surmised that if a compound has tum-
origenic potential it can induce these cells to lose the 
contact inhibition of normal cells such that they pile 
up on top of one another to form a fl ared colony or 
 ‘ transformant ’   [44] . The use of this assay is contro-
versial as scoring of transformants can be subjective, 
there is no unequivocal marker of transformation 
and the molecular mechanism of transformation is 
unknown  [45] . If a compound is positive in this assay 
and a company wishes to progress with development, 
they have been required to provide data from the P53 
transgenic model, which is known to be sensitive to 
some genotoxic carcinogens. The use of alternative 
carcinogenicity studies has reduced the number of 
traditional 2 - year studies for pharmaceuticals by one -
 quarter  [46] . Jacobs  [46]  also notes that many of the 
mechanisms of carcinogenicity appear non - genotoxic 
and may require prolonged treatment to be expressed. 
Thus, there appears to be a continued need for 2 - year 
carcinogenicity studies in rodents for pharmaceuti-
cals. However, a recent evaluation of carcinogenicity 
data submitted to the EU regulatory authorities has 
underlined the questionable value of such 2 - year 
studies in assessment of human risk for carcinogenic-
ity  [47] . Hence, the practice to base this risk assess-
ment for pharmaceuticals on such animal models 
with lifetime exposure to the drug remains highly 
controversial. 

 The rat will usually be the species of choice for 
the standard carcinogenicity study because there is 
greater confi dence in its predictivity for human car-
cinogenicity than the mouse or hamster. The species 
chosen should be the most appropriate based on con-
siderations such as pharmacology, repeated - dose tox-
icity, metabolism and toxicokinetics. 

Route of administration 
 In general, the route of administration should be 
similar to the one intended to be used clinically. Oral 
administration is the most widely used route of expo-
sure, with the test material mixed in the diet, given in 
the drinking water or administered by gavage. Each 
route has advantages and disadvantages. 

 Dietary and water administration rely on the 
administered mixture being palatable and stable in 
the formulation. Accurate administration is not pos-
sible, particularly if animals are multiply caged, and 
cross - contamination, especially from diet mixtures, 

detected in previous studies the fi ndings in genotox-
icity studies.    

 It is a general rule that for pharmaceuticals devel-
oped to treat certain serious diseases, for adults or 
paediatric patients, carcinogenicity testing, if recom-
mended, can be concluded post - approval. 

 There is a continuing debate as to whether inbred 
or outbred strains of rodents should be used. In 
theory, inbred strains are preferable because a more 
accurate knowledge of background tumour incidence 
is available. However, it may be that a particular 
inbred strain may metabolise the test material in a 
certain way or have a genetic resistance to the devel-
opment of a specifi c tumour type. Usually, outbred 
strains of rat or hamster are used, but occasionally 
inbred mice strains are included. An F1 hybrid mouse 
strain is frequently employed. The most important 
factor is to have a sound knowledge of the back-
ground incidence of tumours in the species or strain 
selected. This information complements the concur-
rent control data and provides information on the 
susceptibility of the strain to rare tumour types. 
Modifying factors such as diet and cage density must 
be kept as constant as possible to enable correct inter-
pretation of the results  [40,41] . 

 The ICH S1A guideline,  Testing for Carcinogenicity 
of Pharmaceuticals , allows for a one - species carcino-
genicity study plus alternative  in vivo  tests such as rat 
initiator - promoter models, transgenic mouse assays 
(i.e. p53  + / −  knockout mice: Tg.AC mice that carry 
an activated v - Ha -  ras  oncogene;  ras  H2 mice carrying 
a human c - Ha -  ras  oncogene and XPA mice that have 
lost a crucial DNA nucleotide excision repair gene) 
and neonatal rodent tests. The premise with these 
alternative carcinogenicity assays is that the animals 
are predisposed to develop tumours without a lengthy 
latent period [i.e. induced tumours can appear in 6 – 9 
months (transgenic models) rather than up to the 2 
years of the conventional assays]. In addition, animal 
group sizes are lower than for conventional studies, 
although it has also been suggested to include groups 
of wild - type animals in addition to the transgenic 
animal groups to determine if tumours occur prefer-
entially in the transgenic model  [42] . These alterna-
tive carcinogenicity studies have been undergoing 
evaluation for a number of years  [43]  and their 
use in pharmaceuticals is fairly common in the mean-
time with the  ras  H2 model being most common. 
There have been instances where genotoxicity assess-
ments are equivocal, when regulatory authorities 
have requested data from a specifi c transgenic model 
to aid risk assessment and/or to progress in clinical 
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This information should include knowledge of 
human use, exposure patterns and metabolism. The 
availability of multiple criteria for dose selection will 
provide greater fl exibility in optimising the design of 
carcinogenicity studies for therapeutic agents. 

 In any case, it is expected to obtain concurrence on 
the design of such a study and the doses to be used 
within a special protocol assessment procedure pro-
vided by the FDA as of 2002 in the context of clinical 
trials. This involves prior to the start of such studies 
the submission of the desired protocols for carcino-
genicity studies together with supplementary evi-
dence for appropriateness of species selection and 
doses to the FDA. Usually, the carcinogenicity advi-
sory committee within the FDA provides feedback 
within at most 2 months of submission enabling a 
timely start of such studies.  

Group  sizes
 Typically, group sizes of 50 animals per sex are used 
at each of three dose levels. A double - sized control 
group is commonly used, often split as two equal -
 sized groups. This is because concurrent control 
information is the most important factor in the sta-
tistical analysis needed to confi rm the presence of an 
oncogenic effect; splitting the control group gives 
information on naturally occurring variation in 
tumour incidence. 

 Additional animals will be required to provide 
pharmacokinetic information, especially in mouse 
studies where blood sampling suffi cient for analysis 
usually requires the animal to be killed.  

Conduct of study
 Meticulous record - keeping systems are essential to 
cope with the immense amount of data generated in 
a carcinogenicity study. Palpations to detect the onset 
of tumours and follow their duration are an essential 
part of the study conduct and are carried out with 
increasing frequency as the study progresses. Regular 
clinical observations are required to ensure that sick 
animals are identifi ed, monitored and killed before 
they die naturally, thus preventing loss of important 
information through autolysis or cannibalism. A 
study losing more than 10% of animals through these 
causes is of questionable validity.  

Duration of  study
 Carcinogenicity studies are usually carried out in rats 
for 24 months and in mice for 18 months. Although 
such durations meet guidelines issued by the Offi ce 
for Economic Co - operation and Development, some 

may be a problem. However, the methods are rela-
tively easy to use, with minimum resource being 
required, and more or less continual exposure to the 
material is guaranteed. 

 Administration by gavage ensures that each animal 
receives the correct dose but the method is labour 
intensive and, depending on the kinetics involved, 
periods of  ‘ drug holiday ’  may occur during the treat-
ment period. 

 The other main route used for pharmaceutical 
preparations is inhalation using a  ‘ head only ’  expo-
sure system. Parenteral administration, although 
technically possible, is usually avoided because of 
the local irritant effects that can occur with repeated 
injection, particularly by the subcutaneous route. 
Topical administration is an option for materials 
intended for administration to the skin.  

Dose selection
 There has been, and continues to be, considerable 
debate about the selection of the high dose level for 
carcinogenicity studies. The ICH has issued a revised 
guideline,  Dose Selection for Carcinogenicity Studies of 
Pharmaceuticals  (ICH S1R guideline as of 2007). In 
this document, the following six criteria are given for 
selection of the high dose for carcinogenicity studies 
of therapeutics:
1.     the MTD;  
2.     a 25 - fold AUC ratio (rodent   :   human);  
3.     dose - limiting pharmacodynamic effects;  
4.     saturation of absorption;  
5.     a maximum feasible dose; and  
6.     a limit dose.    

 On the limit dose, the guideline text reads as 
follows:  ‘ In determining the high dose for carcino-
genicity studies using the approaches outlined in this 
guideline it is appropriate to limit this dose to 
1500   mg/kg/day. This limit dose applies where the 
maximum recommended human dose does not 
exceed 500   mg/day. ’  On the AUC criterion, it is esti-
mated that 15% of drugs will be caught by the AUC 
criteria. The MTD, or equivalent, is determined on 
the basis of the results from a 90 - day study, as well as 
palatability studies if the material is to be adminis-
tered in the diet or drinking water. 

 The use of other pharmacodynamic, pharmacoki-
netic or toxicity - based endpoints in study design 
should be considered based on scientifi c rationale 
and individual merits. In all cases, appropriate dose 
ranging studies should be conducted. All relevant 
information should be considered for dose and 
species/strain selection for the carcinogenicity study. 
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background range of frequency and also to ascertain 
that rare tumour types can occur spontaneously. 

 Statistically, carcinogenicity studies have a low sen-
sitivity because of the small numbers of animals that 
are used  [48] . However, complex statistical analysis, 
which should include a judgement on whether the 
tumour was the cause of death, duration to death 
and trend analysis, can reveal valuable information 
about the risk to humans of taking the product 
therapeutically.   

Reproductive  toxicology 

 The assessment of a new pharmaceutical product 
for effects on reproduction must take into account 
that mammalian reproduction is a complex cyclical 
process involving a number of stages, each compli-
cated in themselves. The stages include gametogene-
sis, fertilisation, implantation, embryogenesis and 
fetal growth, parturition, postnatal adaption, devel-
opment and ageing. 

 These phases differ in duration depending on the 
species being considered. 

Aims of studies
 The two areas of the reproductive process that animal 
studies focus on are general reproductive effects and 
developmental effects. 

General  reproductive  effects
 Studies for general reproductive effects examine the 
possibility that agents may affect fertility, male or 
female, by specifi c pharmacological or biochemical 
means or by toxicity to a number of cell types, includ-
ing gametes and their supporting cells. Some agents 
may alter the delicate hormone balance required for 
the mammalian reproductive process to maintain its 
cyclical progress. Others, often potent pharmacologi-
cal agents, may result in loss of reproductive drive 
(e.g. loss of libido, sexual dysfunction). 

 Other agents (e.g. cytotoxic drugs) target repro-
ductive organs because of their ability to affect rapidly 
dividing cells, and to possibly induce damage to the 
genetic material.  

Developmental effects
 The second and more emotive area of examination 
is developmental effects, where agents may induce 
abnormalities in the developing offspring. The diffi -
culties in designing studies to detect these types of 
agents, commonly referred to as teratogens, are that 

authorities believe that these studies should be 
lifespan studies and would therefore expect to see a 
mortality of at least 50%. The US FDA statisticians 
impose a further requirement on such studies that 
for adequate analysis at least 25 animals per sex, per 
group should survive to the end of the study. In addi-
tion, in order to prevent a carcinogenic effect being 
masked by toxicity, not more than 50% of the inter-
current deaths in any group should be from causes 
other than tumour formation. 

 Each sex can be terminated independently when 
survival is reduced to 50%. In order to meet all the 
restrictions outlined earlier, and because the longev-
ity of the Sprague Dawley rat, particularly in labora-
tories in the USA, is decreasing, many companies 
start with 60 or 70 animals per sex, per group.  

Autopsy and microscopic  examination
 The importance of undertaking a careful detailed 
autopsy on each animal cannot be over - emphasised. 
Organs should be sectioned in a standard manner. 
The pathologist should adopt a consistent nomencla-
ture and a peer review of the slides has become an 
accepted part of GLP.  

Evaluation of results
 The incidence of neoplasms is compared between the 
test and control groups for statistical signifi cance and 
to detect whether there is a trend (i.e. increasing inci-
dence with higher doses). Such a comparison is made 
by tissue, so that all the neoplasms in the liver, for 
example, are compared between groups. Also, the 
total number of animals with single and multiple 
tumours is compared to see if there is a non - specifi c 
increase in tumour burden. 

 As well as comparing simple incidences, the time 
when the tumours were detected is taken into account. 
This is because a compound might not change the 
overall incidence of a particular type of tumour but 
it could cause it to develop in much younger animals 
and cause them to die earlier. 

 The most important comparison is with concur-
rent control groups. However, there are occasions 
when it is necessary to use historical data (i.e. infor-
mation from control animals of the same strain on 
other studies). This is more relevant if the studies 
were conducted in the same laboratory under similar 
conditions and at the same time. The incidence of a 
particular neoplasm is often different between labo-
ratories and may change with time. Historical data 
are most useful to get an idea of the variation in the 
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 The ICH guideline ’ s  ‘ preferred option ’  is a three -
 study design as follows.
1.     Fertility and early embryonic development (rat)   
Provided no deleterious effects have been revealed 
by testicular histopathology assessment and testes 
weight measurements (ICH guideline,  Toxicity to 
Male Fertility: An Addendum to the ICH Tripartite 
Guideline on Detection of Toxicity to Reproduction for 
Medicinal Products , as amended in November 2001) 
in a 1 - month repeat - dose study, a premating treat-
ment interval of 2 weeks for both sexes can be used. 
The treatment period requires justifi cation. Dosing 
should continue through mating and at least through 
implantation in the females. 
 If the short premating dosing interval is used, then 
the in vivo  part of the study would take approximately 
9 weeks compared with 32 – 35 weeks for a standard 
Segment I study.  
2.     Embryo - fetal development (rat and rabbit)     This is 
a standard Segment II teratogenicity study.  
3.     Prenatal and postnatal development, including 
maternal function (rat)     Females are exposed to the 
test substance from implantation to the end of lacta-
tion. F1 pups should be evaluated for postnatal devel-
opment including fertility. The duration of the  in vivo
phase of this study would be approximately 20 weeks 
if F1 pregnant females are killed for caesarean section 
examination, 22 – 24 weeks if allowed to litter.    

 As an alternative to the  ‘ preferred option ’ , the ICH 
guideline allows fl exibility in the choice of study 
designs, as long as the combination of studies chosen 
covers the complete reproductive cycle. This allows 
the toxicologist to design the reproductive toxicology 
package so that it is relevant to the compound class 
under test. 

 In addition to the earlier studies, a number of 
studies examining the pharmacokinetics of the test 
material need to be conducted to show whether the 
drug crosses the placenta, whether it is excreted in 
milk and whether pregnancy affects ADME.  

Timing of  studies
 Reproductive toxicity tests are not required to support 
phase I clinical studies in men. Detailed histological 
evaluations of the male reproductive organs should 
be performed in the repeated - dose toxicity studies. 
Male fertility studies in the rodent, however, would 
be expected to support phase III studies. 

 Inclusion of women of child - bearing potential 
(WOCBP) into clinical trials generally requires the 
completion of reproductive toxicity and genotoxicity 
studies. However, where appropriate, preliminary 

interspecies response is often variable and the abnor-
malities induced invariably also occur spontaneously. 
Another confounding factor is that some abnormali-
ties (e.g. cardiovascular and behavioural defects) may 
only manifest themselves postnatally because of an 
increase in size or functional abnormalities of the 
offspring.   

Types of  studies
 Before the ICH guidelines (see later), reproductive 
toxicity studies were divided into three segments 
which were designed as follows.
1.     Segment I: Fertility and general reproductive per-
formance study     This is an overall screening study, 
covering the entire reproductive cycle of one genera-
tion, including the reproductive ability of the off-
spring of that generation. The test substance is only 
administered directly to the fi rst (parental) genera-
tion and the test animal is usually the rat. 
 Females are dosed 14 days before mating (NB. there 
are 5 days between ovulations) and through to lacta-
tion. Males were previously dosed 70 days before 
mating (NB. the spermatogenic cycle is 50 days). 
However, recent studies in Japan have shown that 
almost all effects occur late in the cycle. Thus, 
dosing for 14 days before mating is deemed accepta-
ble  [49] .  
2.     Segment II: Teratogenicity study     This concentrates 
on the most sensitive part of gestation, from the time 
of implantation until major organogenesis is com-
plete. This is the period during which a test substance 
is most likely to cause malformation of the embryo. 
Exposure of the mother to the test substance is 
usually confi ned to this period. Conventionally, the 
study is conducted in the rat and rabbit. Rabbits are 
intolerant to antibiotics and the mouse is an accept-
able alternative in most cases.  
3.     Segment III: Perinatal and postnatal study     This 
concentrates on the late part of gestation, not covered 
by the teratogenicity study, on parturition and on the 
period of lactation. The study can be particularly 
useful in detecting subtle effects on the brain, which 
continues physical and functional development 
during the fetal and postnatal period, after dosing has 
ceased in the teratogenicity study. The test animal is 
usually the rat.    

 There were major differences in the protocol 
designs for rodent studies between Japanese and 
European studies. These were resolved by the ICH 
process which in 1993 published a guideline entitled 
Detection of Toxicity to Reproduction for Medicinal 
Products . 
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 Key elements in the design of any juvenile animal 
studies are the following:
1.     reproductive system: development up to 
adulthood;  
2.     pulmonary system: development up to 2 years old;  
3.     immune system: development up to 12 years old;  
4.     renal system: development up to 1 year of age;  
5.     skeletal system: development up to adulthood; and  
6.     organs and/or systems involved in absorption and 
metabolism of drugs: development of biotransforma-
tion enzymes up to adolescence.    

 With this knowledge, the appropriate juvenile 
studies in animals can be designed if needed. The 
differences in development of the various organ 
systems in the usually available animal species such 
as rats, dogs and monkeys on the one hand and 
humans on the other hand should be taken into 
account when deciding animal age at the start, the 
duration and the end of treatment. It is recom-
mended to communicate with regulators to deter-
mine whether a juvenile animal study is needed for 
a particular drug product and to discuss protocol 
designs before study initiation.  

Evaluation and interpretation of  data
 The following points should be considered when 
evaluating the data from reproductive toxicity studies. 

Antifertility effects in the male
 The male rat has a large reserve of spermatozoa and 
it is diffi cult to detect antifertility effects by using 
pregnancy as an endpoint. This is because the ejacu-
late in rats contains over 1000 - fold the number of 
sperm that will produce maximum fertility. In man 
the multiple is only 2 – 4 times and some studies have 
suggested that in certain Western populations, average 
human sperm counts appear to have declined over 
the past 50 years  [50] . The rat ’ s testes are also rela-
tively about 40 times the size of man ’ s. If antifertility 
effects are observed, it can be helpful to measure 
various sperm parameters (seminology) to help char-
acterise effects.  

Antifertility effects in females
 These would be apparent on examination of the fol-
lowing parameters:
    •      number of females failing to become pregnant (any 
likely contribution of the male to this effect should 
be eliminated by mating treated females with 
untreated males);  
   •      disruption of the oestrous cycle;  

reproduction toxicity data are available from two 
species (essentially studies with a limited number 
of animals covering the organogenesis period), and 
where adequate birth control methods are used, 
inclusion of WOCBP (up to 150) receiving investiga-
tional treatment for a relatively short duration (up to 
3 months) can occur prior to completion of defi nitive 
reproduction toxicity testing. For shorter clinical 
studies (e.g. over 2 weeks) and under defi ned circum-
stances, WOCBP may be included under intensive 
control of pregnancy risk without reproductive toxic-
ity study information. 

 The complete reproductive toxicity package, 
including the rodent perinatal and postnatal studies, 
must be submitted with the marketing application.  

Juvenile  toxicity  studies
 It is unusual for paediatric trials to be conducted 
before there is considerable experience in adults, 
which is obviously more relevant for assessment of 
risk to children than are studies in juvenile rats. 

 Juvenile toxicity studies are recommended by both 
the Japanese and US regulatory agencies before inclu-
sion of children in clinical trials. The studies are 
usually conducted in the offspring of untreated 
female rats (although juvenile dog studies have been 
requested for specifi c compounds), by giving test 
material directly to the pups. Dosing usually does 
not commence until 4 days post - partum, because 
of technical diffi culties, and is continued to post -
natal day 70. A 12 - month study can cover the full 
development period in the dog. Survival and develop-
ment of juveniles is monitored and full clinical chem-
istry, haematological and urine analyses are carried 
out. Relevant endpoints to address a developmental 
concern should be included. At autopsy all major 
organs and tissues are retained and examined 
microscopically. 

 The European agencies and the FDA both com-
municated the expectations for juvenile toxicity 
studies in a guideline (CHMP, London, 24 January 
2008, Doc. Ref. EMEA/CHMP/SWP/169215/2005; 
FDA:  Nonclinical Safety Evaluation of Pediatric Drug 
Products , CDER, February 2006). In general, the need 
for and timing of juvenile animal studies in support 
of undertaking clinical studies should be justifi ed. If 
such studies are considered necessary, they should 
preferably be available before the initiation of clinical 
studies in paediatric populations. Pharmacokinetic 
data from humans and animals (including juvenile 
animals if available) should also be evaluated before 
the proposed paediatric clinical trial(s). 
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can be detected microscopically). Compounds that 
cause chromosome damage are called clastogens.  
3.      Genomic mutations  are changes in the number 
of chromosomes in a genome, and are also called 
numerical aberrations. Loss or gain of chromosomes 
during cell division is called aneuploidy, and chemi-
cals that cause this are called aneugens. It is possible 
to generate cells containing multiples of the whole 
chromosome set  –  these are polyploid cells. Both 
aneuploidy and polyploidy can result from damage 
to the mitotic spindle.    

 Many chemicals possess mutagenic properties, 
which presents a potential hazard to future genera-
tions because mutations in germ cells of sexually 
reproducing organisms may be transmitted to the 
offspring. Furthermore, the relationship between 
mutational changes in DNA and carcinogenesis is 
strongly supported by the available evidence originat-
ing from research into the molecular biology of 
cancer, and the existence of cancer genes (oncogenes) 
and tumour suppressor genes. Consequently, the use 
of short - term genotoxicity tests as pre - screens for 
carcinogen detection has gained signifi cant impor-
tance in drug development. Accumulation of muta-
genic events is also associated with atherosclerosis, 
ageing processes, etc. Thus, there is a necessity to 
identify and limit the spread of chemicals with muta-
genic properties in the environment, and therefore 
any new therapeutic substance, including new excipi-
ents, where a wide exposure can be anticipated, are 
screened for genotoxicity using testing procedures 
that detect both gene and chromosome damage,  in
vitro  (e.g. using bacterial assays and mammalian cells 
in culture) and  in vivo  (using rodents). 

 In the pharmaceutical industry it is usual to carry 
out genotoxicity screening at an early stage in the 
drug development programme. This is particularly so 
with regard to the use of  in vitro  assays. If problems 
concerning potential genotoxicity can be identifi ed 
early, using bacterial genotoxicity tests for example, it 
may be possible to design a useful drug that is devoid 
of genotoxic properties by the consideration of 
structure – activity relationships. The  in vitro  tests 
require small amounts of compound and generate 
results quickly, making them particularly useful for 
such studies. 

 The ICH guidelines for genotoxicity of pharma-
ceuticals have been revised and a single new guideline 
(ICH S2R1) has now been approved in the ICH 
process. This revised guideline updates the basic 
genotoxicity test battery requirements for new chemi-
cal entities, the interpretation of test results as well as 

   •      increased incidence of pre - implantation loss 
(number of corpora lutea  –  number of implants  in
utero ); and  
   •      increased incidence of post - implantation loss 
(number of implants  in utero   –  number of live 
fetuses).     

Teratogenesis 
 Evaluation of the data should consider whether there 
are any fetal abnormalities that have not been 
observed previously or only occur rarely and whether 
there is a signifi cant increase in defects that occur 
spontaneously, especially without any signifi cant 
maternal toxicity.  

Postnatal  effects
 Parturition is a particularly stressful period for both 
mother and offspring. Delays or protraction of the 
process may have signifi cant effects on data collected 
postnatally. 

 Parameters to consider are the following:
    •      perinatal survival of both dam and offspring;  
   •      postnatal survival of offspring may be infl uenced 
by either underlying abnormalities (e.g. of the cardio-
vascular system) or as a result of poor lactation in the 
dam;  
   •      function of vital senses should be evaluated in the 
offspring (e.g. sight, hearing, balance); and  
   •      behavioural effects in the offspring can be evalu-
ated by tests for locomotion, habituation, learning 
and memory.       

Genotoxicity  testing

 Genotoxicity refers to potentially harmful effects on 
genetic material (DNA) that may occur directly 
through the induction of permanent transmissible 
changes (mutations) in the amount or structure of 
the DNA within cells. Such damage to DNA can occur 
at three levels.
1.      Gene (point) mutations  are changes in nucleotide 
sequence at one or a few coding segments (base -
 pairs) within a gene. They can occur by base substitu-
tion (i.e. where one base in the DNA is replaced by 
another) or by frameshift mutations (i.e. where there 
is addition or deletion of one or more bases, thus 
altering the sequence of bases in the DNA, which 
constitutes the reading frame).  
2.      Chromosomal mutations  are recognised as mor-
phological alterations in the gross structure of chro-
mosomes (i.e. they are structural aberrations which 
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 Additional testing may include tests for DNA 
adducts (e.g. the  32 P - post - labelling assay  [51] ), DNA 
strand breakage (e.g. the so - called COMET assay 
 [52] ) or assays measuring unscheduled DNA synthe-
sis (UDS), mutation of transgenes  in vivo  in models 
such as the MutaMouse and the Big Blue mouse and 
rat,  [53]  or simply the inclusion of both types of 
in vitro  mammalian cell assay. Products of biotech-
nology (e.g. cytokines, monoclonal antibodies) do 
not normally need to be screened for genotoxicity, 
unless impurities/contaminants or organic linker 
molecules cause concern (see ICH S6,  Safety for Bio-
technological Products ). However, there is some 
concern for growth factors that may induce high 
levels of proliferation in specifi c tissues, thus increas-
ing the chance of spontaneous mutation in onco-
genes and tumour suppressor genes. 

 Before any human studies, it is common to com-
plete the test battery of genotoxicity tests. However, 
single - dose clinical trials may begin with having only 
the information from testing for induction of gene 
mutations  in vitro  at hand. 

 For chemical intermediates it is also necessary to 
carry out bacterial genotoxicity tests for Health and 
Safety at Work labelling and classifi cation purposes. 
Additional  in vitro  and  in vivo  assays of the type 
described for drugs are triggered as the tonnage man-
ufactured per annum increases. The classifi cation and 
labelling of intermediates in relation to their genoto-
xicity is important in ensuring that their safe manu-
facture, storage, transport, use and disposal can be 
accomplished. 

 Reactive chemicals are used to manufacture drugs 
and a proportion of these are genotoxic. The regula-
tory recommendations on how to test for and assess 
risk of genotoxic impurities are dealt with later (see 
 ‘ Impurities and genotoxic impurities ’  ) . 

Study design
 Full study design details for the established regulatory 
tests for genotoxicity are given in the UK Environ-
mental Mutagen Society volume on  Basic Mutagenic-
ity Tests   [54]  and the relevant Organisation for 
Economic Cooperation and Development (OECD) 
guidelines on such tests. OECD testing guidelines 
are updated periodically and are available from the 
OECD in Paris, France. 

Bacterial tests for gene mutation
 The most widely used  in vitro  assay is the reverse 
mutation assay for gene mutation using strains of 
Salmonella typhimurium  and  Escherichia coli  which 

the need and conditions for follow - up testing in case 
of questionable results or if a quantitative risk assess-
ment is required. 

 The general features of a standard test battery for 
genotoxicity are as follow.
1.     Assessment of mutagenicity in a bacterial reverse 
mutation test. This test has been shown to detect 
relevant genetic changes and the majority of genoto-
xic rodent and human carcinogens.  
2.     Genotoxicity should also be evaluated in mam-
malian cells  in vitro  and/or  in vivo .    

 From these general understanding, the following 
options emerge.
Option 1
1.     A test for gene mutation in bacteria.  
2.     A cytogenetic test for chromosomal damage (the 
in vitro  metaphase chromosome aberration test or  in
vitro  micronucleus test), or an  in vitro  mouse lym-
phoma tk  gene mutation assay.  
3.     An  in vivo  test for genotoxicity, generally a test for 
chromosomal damage using rodent haematopoietic 
cells, either for micronuclei or for chromosomal aber-
rations in metaphase cells.   
Option 2
1.     A test for gene mutation in bacteria.  
2.     An  in vivo  assessment of genotoxicity with two 
tissues, usually an assay for micronuclei using rodent 
haematopoietic cells and a second  in vivo  assay.    

 Under both standard battery options, the  in vivo
genotoxicity assays can often be integrated into 
repeat - dose toxicity studies when the doses are suf-
fi cient. Under Option 2, if dose/exposure is not 
appropriate, an acute  in vivo  study (incorporating 
two genotoxicity assays in one study where possible) 
should be performed to optimise dose selection based 
on exposure/toxicity and, or Option 1, including an 
in vitro  mammalian cell assay, should be followed. 
Compounds from well - characterised classes where 
genotoxicity is expected may require modifi cation of 
the test battery to characterise these appropriately in 
the tests/protocols known to respond to them. Com-
pounds that are toxic to bacteria should still be tested 
in bacterial reverse mutation tests because muta-
genicity can occur at lower, less toxic concentrations. 
Compounds bearing structural alerts for genotoxic 
activity are usually detectable in the standard test 
battery because the majority of  ‘ structural alerts ’  are 
defi ned in relation to bacterial mutagenicity. Com-
pounds for which data on toxicokinetics or pharma-
cokinetics indicate that they are not systemically 
absorbed and therefore are not available to the target 
tissues, may just be profi led in  in vitro  studies. 
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have progressed to this stage must have completed 
one cell division, otherwise they would contain only 
one nucleus. As micronuclei appear not only as a 
consequence of chromosome breakage but also if 
chromosome distribution is affected, the test can be 
used to investigate the potential of a compound to 
induce aneuploidy (e.g. via interaction with the 
spindle apparatus).  

Mammalian cell tests for gene mutation
 A variety of mammalian cell culture systems can be 
used to detect mutations induced by chemical sub-
stances. The L5178Y mouse lymphoma line, measur-
ing mutation at the thymidine kinase (TK) locus, is 
preferred. TK is an important enzyme involved in 
DNA synthesis. Cells are exposed to the test substance 
at various concentrations, in the presence and absence 
of a metabolic activation system, for a suitable period 
of time, and then subcultured to assess cytotoxicity 
and to allow phenotypic expression prior to mutant 
selection. Cells defi cient in TK because of a forward 
mutation are resistant to the cytotoxic effects of pyri-
midine analogues (antimetabolites) such as trifl uor-
othymidine (TFT). This is because the antimetabolites 
cannot be incorporated into cellular nucleotides and 
kill the cell through inhibition of cellular metabolism. 
After treatment, cells are grown in medium contain-
ing TFT; mutant cells can proliferate in the presence 
of TFT, whereas normal cells containing TK are 
killed. This allows the detection of an increase in 
mutant cells after chemical treatment. Analysis of 
mutant colonies from this assay has shown that they 
can arise from a variety of genetic changes, including 
point mutation, large and small chromosomal dele-
tions and recombination.  

Detection of chromosome  damage in rodent bone
marrow  using the micronucleus  test
 The micronucleus test is a short - term mammalian 
in vivo  assay for the detection of chromosomal 
damage or damage to the mitotic apparatus by chem-
icals. The basis of this assay is an increase in micro-
nuclei in the polychromatic erythrocytes present 
within the bone marrow of treated animals when 
compared with the controls. The micronuclei, known 
to pathologists as Howell – Jolly bodies, are formed 
from chromosomal fragments or whole chromo-
somes lagging in mitosis. When erythroblasts develop 
into erythrocytes, the main nucleus is expelled while 
the micronucleus may be retained within the cyto-
plasm, and is readily visualised. Animals are exposed 
to the test substance, usually a single dose, and 24   h 

are capable of detecting a wide variety of mutations. 
This assay measures reversion from histidine depend-
ence to histidine independence for the  Salmonella
strains and tryptophan dependence to independence 
for the  E. coli  strains and is carried out in both the 
presence and absence of an exogenous metabolic acti-
vation system (usually the post - mitochondrial frac-
tion from the livers of rats treated with cytochrome 
P450 enzyme - inducing agents). In the test, bacteria 
are exposed to a range of concentrations of chemical 
and plated on to minimal agar medium. After a suit-
able period of incubation at 37 ° C, the number of 
revertant colonies is counted and compared with the 
number of spontaneous revertants obtained in an 
untreated/solvent control culture.  

Assays for chromosomal  aberrations 
 The simplest and most sensitive assays for detect -
ing clastogenic (i.e. chromosomal breaking) effects 
involve the use of mammalian cells. Cultures of estab-
lished cell lines (e.g. Chinese hamster ovary) as well 
as primary cell cultures (e.g. human lymphocyte) 
may be used. After exposure to a range of chemical 
concentrations in the presence and absence of an 
appropriate metabolic activation system, the cell cul-
tures are treated with a spindle inhibitor (e.g. vinblas-
tine) to accumulate cells in a metaphase - like stage 
of mitosis. Cells are harvested at appropriate times 
and chromosome preparations are made, stained 
with DNA - specifi c dye and the metaphase cells are 
analysed under the microscope for chromosome 
abnormalities.  

In vitro micronucleus  test
 Similarly to the assays for chromosomal aberrations, 
cell cultures are exposed to the test substances both 
with and without metabolic activation. After expo-
sure to a test substance, cell cultures are grown for a 
period suffi cient to allow chromosome damage as a 
result of chromosome breakage or effect on spindle 
formation and incorrect distribution of chromo-
somes into the daughter cells to lead to the formation 
of micronuclei in interphase cells  [55] . Harvested and 
stained interphase cells are then analysed microscopi-
cally for the presence of micronuclei. Micronuclei 
should only be scored in those cells that complete 
nuclear division following exposure to the test chemi-
cal  [56] . When human lymphocytes are used, the 
most convenient stage to score micronuclei in this cell 
system is the binucleate interphase stage. For this 
purpose, cells are trapped at this stage with the inhibi-
tor of actin polymerisation, cytochalasin B. Cells that 
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labile sites (and also possibly both DNA – protein and 
DNA – DNA cross - links) in virtually any eukaryotic 
cell population that can be obtained as a single cell 
suspension and this test can be attached to a standard 
rodent toxicity study. Following electrophoresis, 
broken DNA migrates from the cell nuclei into the gel 
on coated slides, leaving the image of a  ‘ comet ’ . 
Comets form as the broken ends of the negatively 
charged DNA molecule become free to migrate in the 
electric fi eld towards the anode. Two principles in the 
formation of the comet are as follows.
1.     DNA migration is a function of both size and the 
number of broken ends of the DNA.  
2.     Tail length increases with damage initially and then 
reaches a maximum that is dependent on the electro-
phoretic conditions, not the size of fragments.    

 In recent years, the  in vivo  Comet assay has become 
increasingly used for regulatory purposes and accep-
tance of the test method by regulatory agencies is 
growing  [52,58] . Because many pharmaceutical can-
didate compounds are associated with fi ndings on 
chromosomal damage  in vitro , it is thought that the 
Comet assay is a suitable  in vivo  follow - up test for cell 
types other than the highly proliferating bone marrow 
cells. Recently, efforts have been focusing on the inte-
gration of a Comet assay into the standard micronu-
cleus test and into the repeat - dose toxicity test with 
rodents  [59] . These efforts have been rather success-
ful. Thus, a combination of analysis of micronuclei 
in haematopoietic cells in the bone marrow and a 
Comet assay with liver cells in rats either treated 
acutely or (sub)chronically has emerged as a useful 
option under the ICH S2R guideline. This  in vivo
genotoxicity testing option reduces animal use in 
genotoxicity testing mainly via three factors:
1.     two genetic endpoints/tissues endpoints are inte-
grated into one system thus facilitating higher sensi-
tivity than before;  
2.     integration into the subchronic rodent toxicity 
study obviates the need for a stand - alone  in vivo
genotoxicity test; and  
3.     fewer  in vivo  tests are conducted to follow up on 
suspicious results in  in vitro  tests for genotoxicity.      

Germ cell tests
 Because there is no good evidence that mutagens 
induce mutations exclusively in germ cells, it is not 
considered necessary to conduct germ cell studies 
as part of the screening package. Such testing is 
only carried out if detailed risk assessment data are 
required (e.g. with anticancer drugs). The newer gen-
eration of  in vivo  tests using transgenic animals, and 

and 48   h after treatment they are killed, the bone 
marrow is extracted and smear preparations are 
made. After suitable staining, the polychromatic 
erythrocytes are analysed under the microscope for 
micronucleus frequency. Following the ICH guideline 
on genotoxicity, it is suffi cient to use only male rats 
or mice for these tests, as long as no obvious differ-
ence in toxicity has been detected between the sexes.  

Unscheduled DNA synthesis – ex vivo
assay in rodent liver
 This assay is normally carried out only if positive 
effects have been obtained in earlier  in vitro  tests. The 
UDS test measures the DNA repair synthesis that 
occurs after excision and removal of a stretch of DNA 
containing the region of damage, induced in hepato-
cytes of animals treated with the test chemicals. UDS 
is measured by the uptake of radioactively labelled 
nucleotide, usually tritium - labelled thymidine, into 
the DNA of the damaged hepatocytes. Animals, 
usually male rats, are treated with the test chemical 
and groups are killed 2 – 4   h or 12 – 14   h after treat-
ment. Suspensions of viable hepatocytes are prepared 
by liver perfusion and these are cultured in the pres-
ence of tritium - labelled thymidine. The incorpora-
tion of radiolabel within the DNA is determined 
autoradiographically. The measurement of DNA 
damage serves as a surrogate for genetic alterations 
in vivo . 

 The ICH guideline requires that there must be 
proof of exposure of the target tissues to the test 
compound (and its metabolites) to validate the 
chosen  in vivo  assays. It is known that the type of 
DNA repair, which is measured in the UDS test, 
mainly relates to point mutations and not large - scale 
chromosome damage. Yet, it is mainly the larger scale 
chromosome damage observed  in vitro  in mamma-
lian cells for pharmaceutical candidate compounds 
which requires an  in vivo  approach for better risk 
assessment. In this context, the UDS test may not 
have suffi cient sensitivity and hence is not a preferred 
follow - up test for pharmaceuticals anymore.  

Comet assay for DNA damage in rodent
tissues in vivo
 The Comet assay, also referred to as the single cell 
gel electrophoresis (SCG or SCGE) assay, is a rapid, 
visual and quantitative technique for measuring DNA 
damage in eukaryote cells, which was introduced by 
Ostling and Johansson  [57] . Under alkaline (pH  > 13) 
conditions, the assay can detect single -  and double -
 stranded breaks, incomplete repair sites and alkali 
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usually suffi cient to demonstrate absence of genoto-
xic activity  [60] . 

 Additional genotoxicity testing in appropriate 
models may be conducted for compounds that 
were negative in the standard test battery but which 
have shown increases in tumours in carcinogenicity 
bioassay(s) with insuffi cient evidence to establish a 
non - genotoxic mechanism. To help understand the 
mode of action, additional testing can include modi-
fi ed conditions for metabolic activation in  in vitro
tests or can include  in vivo  tests measuring genetic 
damage in target organs of tumour induction, such 
as DNA strand break assays (e.g. Comet or alkaline 
elution assays), liver UDS test, DNA covalent binding 
(e.g. by  32 P - post - labelling), mutation induction in 
transgenes, or molecular characterisation of genetic 
changes in tumour - related genes  [64] .   

Irritation and sensitisation testing

 Topical drug preparations are applied for days or even 
weeks, cosmetics for a lifetime and skin contact is 
probably the most common form of exposure to 
industrial chemicals. Therefore, a knowledge of 
the cutaneous toxicity is important for an overall 
hazard assessment. Cutaneous toxicity or localised 
skin injury can be considered as a primary event, 
because the compound could be irritant or corrosive, 
or as a secondary immunologically mediated event 
causing a delayed hypersensitivity response. 

 The data obtained from irritation and sensitisation 
testing can be used for hazard assessment, thereby 
enabling safe handling precautions to be recom-
mended, and as a basis for classifi cation and labelling. 
Such studies also have to be performed to meet obli-
gations of regulatory authorities for the clinical trials 
and marketing of drugs. 

Irritancy
Skin
 Primary irritant - contact dermatitis results from 
direct cytotoxicity produced on fi rst contact. The cel-
lular injury is characterised by two macroscopically 
visible events: a reddening of the skin (erythema) and 
accumulation of fl uid (oedema). By observing or 
measuring these changes one can estimate the extent 
of skin damage that has occurred. The most widely 
used single - exposure irritancy test is based on the 
Draize rabbit test  [65] . 

 In this test, three rabbits are used to assess the irri-
tancy potential following a single 4 - h semi - occluded 

also the Comet assay, has facilitated the study of 
genetic changes in germ cells and there is a resurgence 
of interest in this area.  

Study interpretation 
 Guidance on the evaluation of genotoxicity data is 
given in the revised ICH genotoxicity guideline. 
Overall, a comprehensive weight of evidence approach 
is suggested when judging evidence for genotoxicity 
that comes from single tests or test batteries. Com-
parative trials have shown that each genotoxicity test 
can generate both false negative and false positive 
results in relation to predicting rodent carcinogenic-
ity. Experimental conditions such as the limited 
capacity of  in vitro  metabolic activation systems can 
lead to false negative results in  in vitro  tests. Culture 
conditions (e.g. changes of pH, high osmolality) can 
lead to false positive results  [60] . Further, threshold 
mechanisms for genotoxic activity become increas-
ingly acknowledged  [61] . The test battery approach is 
designed to reduce the risk of false negative results, 
while a positive result in any one  in vitro  assay 
does not necessarily mean that the test compound 
poses a genotoxic and/or carcinogenic hazard to 
humans  [62] . 

 For a compound that induces a biologically rele-
vant positive result in one or more  in vitro  tests, an 
in vivo  test, in addition to  in vivo  cytogenetic assay, 
using a tissue other than the bone marrow or periph-
eral blood, can provide further useful information. 
The target cells exposed  in vivo  and possibly the 
genetic endpoint measured  in vitro  guide the choice 
of this additional  in vivo  test.  In vivo  gene mutation 
assays using endogenous genes or transgenes in a 
variety of tissues in the rat and mouse are at various 
stages of development and have been used to help risk 
assessments, but there are still concerns regarding the 
lack of sensitivity of the current assays. 

 If  in vivo  and  in vitro  test results do not agree, then 
the differences should be considered and explained, 
possibly following further studies on  in vitro/in vivo
metabolism  [63]  and compound class information. 
If the results of the  in vitro  mammalian cell assay 
are positive and there is not suffi cient weight of 
evidence or mechanistic information to rule out 
relevant genotoxic potential, two  in vivo  tests are 
required, with appropriate endpoints and in appro-
priate tissues (usually two different tissues), and with 
an emphasis on obtaining suffi cient exposure in the 
in vivo  models. Negative results in appropriate  in vivo
assays, with adequate justifi cation for the endpoints 
measured, and demonstration of exposure will be 
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complex capable of activating skin - associated lym-
phoid tissue (sensitisation) and dissemination of 
antigen - specifi c T lymphocytes (induction). Subse-
quent encounter with the same or cross - reactive 
chemicals can result in the elicitation of a character-
istic infl ammatory skin reaction. The clinical condi-
tion is referred to as allergic contact dermatitis and is 
characterised by erythema, oedema, vesiculation and 
pruritus. Allergic contact sensitisation is therefore 
classed as a cell - mediated immunological response to 
chemicals that contact and penetrate the skin. 

 There are a number of models for detecting allergic 
contact dermatitis in guinea pigs. The maximisation 
test developed by Magnussun and Kligman  [68]  is the 
most widely used and employs both an intradermal 
and topical sensitisation phase, together with the 
non - specifi c stimulation of the immune system by 
the intradermal injection of Freund ’ s complete 
adjuvant. 

 Approximately 54 animals are used in the test and 
the sensitisation response is classifi ed by the percent-
age of animals showing a stronger response than that 
seen in the control group. The net response is classi-
fi ed from 0% for a non - sensitiser, up to 8% for a weak 
sensitiser and over 80% for an extreme sensitiser. 

 A negative result in this type of test indicates that 
the potential to sensitise is extremely low and that 
human exposure is unlikely to be attended by a sig-
nifi cant incidence of sensitisation. Because the test 
can be over - predictive, some toxicologists recom-
mend that a non - adjuvant test such as the Buehler 
test  [69]  should be used if a positive is obtained, to 
give a more realistic determination of the prevalence 
of human sensitisation. It should be remembered that 
contact sensitisation is a persistent condition; thus, 
once sensitised to a chemical, an individual is at 
risk of dermatitis whenever exposed to the same or 
antigenically cross - reactive chemical (e.g. nickel in 
jewellery). 

 A CHMP guideline,  Non - clinical Local Tolerance 
Testing of Medicinal Products , refers to the murine 
local lymph node assay as a method for the assess-
ment of the induction phase of skin sensitisation. 
This method measures the ability of compounds to 
induce proliferate responses in skin - draining lymph 
nodes. This method uses fewer animals than alterna-
tive  in vivo  methods and reduces the trauma to which 
animals are potentially subjected  [70] . If combined 
with phenotyping by fl ow cytometry, the system may 
also qualify for a semi - quantitative assessment of 
hypersentivity or allergic contact dermatitis  [71] .  

application, to intact rabbit skin, of 0.5   mL or 0.5   g of 
test material. The skin is observed 30 – 69   min and 
approximately 24, 48 and 72   h after patch removal. If 
irritation is persistent additional observations can be 
carried out on days 7 and 14. Scores for erythema and 
oedema at the 24 - h and 48 - h readings are added 
together for the three rabbits (12 values) and divided 
by 6 to give the primary irritation index. This index is 
used to classify the material from non - irritant (0), 
mild irritant ( > 0 to 2), moderate irritant ( > 2 to  > 5) to 
severe irritant ( > 5). 

 There is good progress in developing alterna -
tive  in vitro  assays for some aspects of irritant poten-
tial  [66] .  

Eye
 Toxic responses in the eye can result from direct 
topical ocular exposure of drugs from direct installa-
tion into the eye and also from dermal products that 
patients may accidentally get into their eyes. Histori-
cally, the Draize rabbit eye test  [65]  using three 
rabbits had served as the major protocol to assess the 
irritancy potential of topically applied substances. 

 In the Draize test, a single dose of 0.01 – 0.1   mL or 
0.01 – 0.1   g is introduced into the conjunctival sac of 
the right eye, the left eye acting as a control. The reac-
tions of the conjunctivae, iris and cornea are scored 
for irritancy at approximately 1, 3, 8, 24, 48 and 72   h 
and again at 7 days after dosing. Test materials shown 
to be severe skin irritants or that are below pH 2 or 
above pH 11 are not tested but are assumed to be eye 
irritants. 

 The use of the Draize test has been receiving atten-
tion for several years because of animal welfare con-
siderations. Modifi cations of the existing protocol 
and the development of alternative methods have 
been extensively examined by the cosmetic and 
chemical industry to reduce animal usage and the 
occurrence of severe reactions. 

 Several  in vitro  methods, including the hen ’ s egg 
chorioallantoic membrane test, the bovine cornea 
opacity and permeability assay and the isolated rabbit 
eye test, have gained regulatory acceptance in Europe 
for the classifi cation of severe eye irritants  [66] . Many 
companies are using such techniques successfully to 
reduce  in vivo  testing during development  [67] .   

Immunotoxicology 
Sensitisation
 The interaction of a chemical (hapten) with epider-
mal proteins (carrier) can result in a hapten – carrier 
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specifi c studies on immune function parameters 
may be needed, such as a T - cell dependent antibody 
response.  

Cytokine release syndrome 
 The number of biological and biotechnology - derived 
proteins used as therapeutic agents is steadily increas-
ing. These products may induce an unwanted 
immune response in treated patients, which can be 
infl uenced by various factors, including patient -  or 
disease - related and product - related factors. In this 
context, recent experience with TGN1412, a CD28 
antibody introduced into normal healthy human vol-
unteers by TeGenero in March 2006  [1]  triggered 
fundamental learning for the industry. TGN1412 
at a dose of 0.1   mg/kg triggered a cytokine storm 
in all treated human volunteers in a phase I study 
at the Parexel Unit based at Northwick Park in the 
UK in 2006 ( http://www.mhra.gov.uk/NewsCentre/
Pressreleases/CON2025434 ), which came as a sur-
prise for the company, the clinical trial unit and the 
regulatory authority that approved the trial. This case 
has constituted major concerns about the appropri-
ateness of regulations for fi rst - in - human trials. In 
hindsight, the initial dose setting based on animal 
data has been reconsidered with the available data 
and conclusions have been provided that are indica-
tive of too high a starting dose  [72,73] . Subsequently, 
the case has triggered dedicated regulatory actions 
around the world of which the CHMP guideline, 
Strategies to Identify and Mitigate Risks for First in 
Human Clinical Trials with Investigational Medicinal 
Products  (CHMP, London, 19 July 2007, Doc. 
Ref.EMEA/CHMP/SWP/294648/2007), has to be 
mentioned in particular. 

 With a focus on immunological reactions and the 
TGN1412 case, the guideline implies that animal 
studies with highly species - specifi c medicinal prod-
ucts may not reproduce the intended pharmacologi-
cal or unwanted toxicological effect in humans. For 
example, the following modes of action might require 
special attention.
1.     A mode of action that involves a target that is con-
nected to multiple signalling pathways (target with 
pleiotropic effects), for example, leading to various 
physiological effects, or targets that are ubiquitously 
expressed, as often seen in the immune system.  
2.     A biological cascade or cytokine release including 
those leading to an amplifi cation of an effect that 
might not be suffi ciently controlled by a physiologic 
feedback mechanism (e.g. in the immune system or 

Immunosuppression 
 Suppression and enhancement of immune functions 
are general concerns associated with human risk 
assessment of pharmaceuticals. An impaired immune 
response may be associated with a number or risks, 
among them an impairment of the ability to battle 
infections or to control tumour growth at early stages. 
The safety concerns about enhanced immune func-
tions are less well characterised. An ICH S8 guideline 
on immunotoxicity studies in human pharmaceuti-
cals has been communicated in 2005. This guideline 
supersedes earlier guidelines existing in Europe. 
According to this ICH guideline, immunosuppres-
sion or enhancement can be associated with two dis-
tinct groups of drugs.
1.     Drugs intended to modulate immune function for 
therapeutic purposes (e.g. to prevent organ trans-
plant rejection) where adverse immunosuppression 
can be considered exaggerated pharmacodynamics.  
2.     Drugs not intended to affect immune function but 
cause immunotoxicity as a result, for instance, of 
necrosis or apoptosis of immune cells or interaction 
with cellular receptors shared by both target tissues 
and non - target immune system cells.    

 For the assessment of effects of pharmaceuticals on 
immune function parameters, the following end-
points are of importance:
1.     haematological changes such as leucocytopenia/
leucocytosis, granulocytopenia/granulocytosis or 
lymphopenia/lymphocytosis;  
2.     alterations in immune system organ weights and/
or histology (e.g. changes in thymus, spleen, lymph 
nodes and/or bone marrow);  
3.     changes in serum globulins that occur without a 
plausible explanation, such as effects on the liver or 
kidney, can be an indication that there are changes in 
serum immunoglobulins;  
4.     increased incidence of infections; and  
5.     increased occurrence of tumours can be viewed as 
a sign of immunosuppression in the absence of other 
plausible causes such as genotoxicity, hormonal 
effects or liver enzyme induction.    

 An appropriate strategy is to look for changes in 
these parameters primarily in the standard rodent 
and non - rodent repeat - dose toxicity studies. Because 
of differences in the immune system, in partic -
ular with respect to lymphocyte subtypes, between 
rodents, non - rodents and humans, relevance assess-
ment of fi ndings for human risk needs specifi c atten-
tion. Hence, depending on the nature of changes in 
the parameters in standard toxicity studies, additional 
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out. Special routes used to supplement the main toxi-
cology programme will usually be conducted before 
administration or exposure of humans to the test 
material by this route. The duration of dosing recom-
mended for the special routes in different species 
is presented in Table  3.4 . Inhalation studies of 1 – 3 
months ’  duration should be performed to assess pos-
sible local effects on respiratory tissue and also to gain 
pharmacokinetic data. If carcinogenicity studies have 
been conducted by the oral route and another clinical 
route is to be used in humans, the need to repeat such 
studies should be assessed critically. Carcinogenic 
potential is related to the concentration of the car-
cinogen at its site of action. Thus, if the oral route 
results in adequate exposure of the lung, there should 
be no need to perform additional inhalation carcino-
genicity studies.   

 These studies generally follow the guidelines for 
conventional studies (e.g. a control and three test 
groups receiving differing dosages). The designs are 
typically as follow. 

Intramuscular 
 Varying concentrations of test material are injected 
into the muscle, using a constant dose volume to a 
maximum of 1   mL.  

Inhalation
 This can be subdivided into three routes.
1.      Intratracheal   –  small quantities, usually less than 
1   mL, of varying concentrations of solutions or vary-
ing quantities of powder are placed or blown into the 
trachea of an anaesthetised animal using a cannula 
placed intratracheally.  

blood coagulation system). CD3 or CD28 (super - ) 
agonists might serve as an example.    

 For further reasoning related to starting dose cal-
culations for fi rst human trials and safety testing of 
biologicals, see  ‘ Scaling from animals to humans ’  and 
 ‘ Specifi c considerations for biologicals ’ .   

Special routes
 Ideally, toxicology studies should mimic, as near as 
possible, human exposure. Thus, both the route of 
administration and the exposure should, where pos-
sible, be similar to that in humans. The classic route 
of administration to humans is oral and thus most 
toxicology studies are conducted by the oral route. 
However, parenteral routes may be used either to 
mimic the clinical route or to ensure exposure. The 
administration of some medicines is directly on to 
highly differentiated surfaces such as the alveolar 
surface of the lungs or the skin. It is therefore impor-
tant to assess the topical irritancy, absorption and 
subsequent systemic toxicity following such applica-
tions. It should be remembered that some com-
pounds (e.g. chlorinated hydrocarbons) may be more 
toxic when given by the inhalation route than when 
given orally, or may directly affect the respiratory 
tract (e.g. formaldehyde vapour). For any such 
studies, it must be taken into account that excipients 
that ensure stability of the test compound and help 
delivery of the test item to the site and will assist in 
absorption and distribution, may have a considerable 
impact on the toxicity readout especially by parenteral 
routes of administration. 

 If a special route is selected as the primary route of 
administration then this work will be used through-

Table 3.4    Maximum recommended duration of dosing by special routes 

recommended for different species 

   Route of 
exposure  

   Maximum dosing period (months)  

   Mouse     Rat     Dog     Marmoset     Rabbit  

  Intramuscular    Single    1    1    1    1  

  Inhalation    Life    Life    12     –     Life  

  Intratracheal    Single    Single     –      –     1  

  Intranasal     –     1    6     –      –   

  Topical    Life    Life    12    12     –   

  Intrarectal     –      –     1     –     1  

  Intra - arterial     –      –      –      –     Single  a 

   Life, life time; Single, single dose only;  –  inappropriate or no experience.  
 a      Required by some regulatory authorities (e.g. Austria) for injectable products.   
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Excipients
 Excipients are major components of a drug product 
in that they are key factors for stability and bioavail-
ability of drugs. As such, a drug substance that is 
prone to decay by oxidative decomposition can be 
stabilized by addition of antioxidants. Further, highly 
lipophilic compounds may not be orally bioavailable 
without the help of emulsifying and surfactant excip-
ients. A drug product such as a tablet or capsule is 
often composed of various excipients, the human 
dose of which can exceed that of the drug substance 
by far. Experience tells that severe human toxicity can 
be related to excipients such as sensitisation reactions 
towards intravenous injection of polyethoxylated 
castor oils (Cremophor), which are non - ionic sur-
factants. As such, established excipients are normally 
expected to be well characterised with regard to 
human safety. Any new excipient has to be treated like 
a new drug substance including all non - clinical safety 
testing. An FDA guideline,  Nonclinical Studies for the 
Safety Evaluation of Pharmaceutical Excipients , pub-
lished in 2005 gives the US FDA perspective on this 
topic. Apart from excipients that are used in the fi nal 
drug product for the market, there are also excipients 
that are exclusively used in animal experiments in 
order to provide a fl uid formulation of the drug sub-
stance that is applicable to laboratory animals. There 
may be toxicity associated with these excipients with 
different animal species being more or less sensitive. 
The dog has been described to be particularly sensi-
tive to develop anaphylactic reactions in response to 
preparations containing Cremophor EL or Tween 80 
(polysorbate 80)  [74] . It is therefore indispensable to 
take potential excipient - related toxicities into account 
for the selection of appropriate animal species for 
toxicity testing as well as for the overall safety assess-
ment of a new drug candidate especially if the excipi-
ent causing toxicity in animals is not present in the 
fi nal drug product for human use.  

Metabolites in safety testing
 The appropriate refl ection of human metabolites in 
animal safety testing has always been a challenge. The 
spectrum of metabolites in animal safety studies and 
humans may differ considerably and there are many 
known cases of metabolite - related toxicities for an 
otherwise non - toxic parent compound. A famous 
example is the liver toxicity of the reactive metabolite 
N - acetyl - p - benzo - quinone imine (NAPQI) of aceta-
minophen, which appears in relevant liver damaging 
quantities, if the main route of metabolism of aceta-
minophen, glutathione conjugation, is exceed by 

2.      Intranasal   –  small quantities, usually  < 50    μ L, of 
varying concentrations of solution or suspension of 
test material are placed into the nasal cavity by intro-
duction through the external nares.  
3.      Pulmonary   –  animals are placed in an exposure 
chamber, either whole body or snout only, or indi-
vidually exposed via mask systems (dogs, primates 
and rabbits) and allowed to inhale an aerosol of 
known concentrations generated from a powder, 
solution, suspension or a vapour of the test material 
for periods of up to 23   h/day for durations approach-
ing the animal ’ s natural lifespan.    

 Typically, exposure periods are 1   h/day 7 days/week 
using snout - only systems for pharmaceutical prod-
ucts, or 6   h/day 5 days/week using whole - body expo-
sure systems for industrial chemicals. 

 Aerosols must be respirable (i.e. have a mean aero-
dynamic diameter of less than 5    μ m) to ensure that a 
reasonable proportion will penetrate the respiratory 
tract defense systems of the nasal passages and the 
mucociliary clearance mechanisms.  

Topical 
 Test or control material is applied either on to or 
under an occlusive dressing to the abraded or una-
braded shaved skin of animals. Wound healing can be 
assessed by applying large (e.g. 1   g/L   kg) topical doses 
of test material to an epithelial wound (e.g. an inci-
sion) and monitoring wound healing over a period of 
14 days.  

Intrarectal 
 This is usually performed only in dogs. Different 
dosages are administered on standard sized supposi-
tories (e.g. size 2   mL).  

Intra -arterial
 This is usually performed only in rabbits. A single 
injection is made into the central artery of an ear. The 
contralateral ear artery is given the control material. 
This is to assess the effects if a subcutaneous or intra-
venous injection is accidentally injected into an 
artery, as drugs are rarely given by this route.   

Specialty areas 
 In recent years, regulatory agencies have communi-
cated their expectations about non - clinical studies 
for human safety assessment of pharmaceutical can-
didate compounds in a number of specialty areas, 
which were dealt with in a case - by - case approach so 
far but now see more strict regulatory expectations. 
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delineated from animal studies. However, more subtle 
effects or aspects of liver toxicity that are mainly 
related to rare cases of potentially fatal human liver 
toxicity, which often involve immunological reac-
tions, are very hard to tackle in animal studies. One 
reason is the low incidence of these events in humans, 
often associated with co - factors (alcohol, food, infec-
tions, co - medications), which cannot be assessed 
with low animal numbers in toxicity studies. The 
regulatory landscape on this topic is going in two 
corroborating directions. 

 The US FDA has issued a guideline,  Drug - induced 
Liver Injury: Premarketing Clinical Evaluation  (US 
FDA, 2009). Based on the considerations that non -
 clinical studies have limited possibilities for an 
enhanced safety assessment, the guidance focuses on 
an enhanced readout from clinical trials. Because 
verifi cation of causation is often a critical issue, the 
guideline addresses rechallenge of patients as follows:

  Generally, rechallenge of subjects with signifi cant ami-

notransferase (AT) enzymes elevations ( > 5 ×  upper limit of 

normal) should not be attempted. If such subjects are rechal-

lenged, they should be followed closely. Rechallenge can be 

considered if the subject has shown important benefi t from 

the drug and other options are not available or if substantial 

accumulated data with the test drug do not show a potential 

for severe injury. The subject should be made aware of the 

potential risk, and consent to the rechallenge, and the insti-

tutional review board consulted.   

 The EU authorities follow the idea of a step - wise 
approach in detecting hepatotoxicity signals from 
animal studies and conducting mechanistic studies to 
assess the clinical relevance of non - clinical hepato-
toxicity in their  Refl ection paper on non - clinical evalu-
ation of drug - induced liver injury (DILI)  (CHMP, 
London, 24 June 2010, Doc. Ref. EMEA/CHMP/
SWP/150115/2006). The main emphasis of this paper 
is to  ‘ optimise the use of data obtained in standard 
non - clinical studies ’ . 

 The following key elements of the step - wise 
approach are characterised by the following:
1.     Detection and characterisation of hepatotoxic 
potential in standard non - clinical  in vivo  toxicity 
studies.  
2.     Integrated risk assessment which considers dose -  
and exposure - response relationships, relative severity 
of effects, intended patient populations, and clinical 
monitoring strategies.  
3.     Hypothesis - driven preclinical investigative studies, 
when warranted, to further clarify risk to patients.    

depletion of glutathione pools at high (over)doses. 
Consequently, the absence of potentially toxic major 
human metabolites in animal safety tests is a concern. 
Regarding expectations on how animal testing should 
mirror human metabolism, it is clear that major 
qualitative differences (i.e. the absence of a certain 
human pathway in animals) triggers the expectation 
for synthesis, formulation and testing of such metab-
olites in animals, possibly even including lifetime 
carcinogenicity studies. However, major debates in 
the area have been on which quantitative differences 
between species should trigger additional animal 
testing and what constitutes a relevant or major 
human metabolite in quantitative terms  [75] . A deci-
sive study, from which human metabolism and 
metabolite information can be inferred, is the human 
ADME study with radiolabelled drug  [76] . Depend-
ing on information from  in vitro  studies with micro-
somal preparations or hepatocytes, such studies may 
be allocated earlier or later during clinical develop-
ment of a candidate compound. Non - clinical charac-
terisation of a human metabolite(s) is only warranted 
when that metabolite(s) is observed at exposures 
greater than 10% of total drug - related exposure and 
at signifi cantly greater levels in humans than the 
maximum exposure seen in the toxicity studies (see 
ICH M3 R2 guideline). Many of the examples on 
toxicity of human metabolites that trigger concerns 
relate to liver toxicity, which is discussed in the next 
section.  

Liver toxicity
 Hepatotoxicity is one of the main failure reasons for 
clinical candidate compounds in animal toxicity 
studies. Despite the prudent and stringent assessment 
of animal data, it is also one of the major reasons for 
failure in late stage clinical trials and after marketing 
 [9,77] . Many cases of drug - induced liver toxicity have 
been demonstrated in humans through covalent 
binding of protein by reactive metabolites  [9] . Meas-
urement of covalent binding to liver microsomal pro-
teins in the presence and the absence of nicotine 
adenine dinucleotide phosphate (NADPH), as well as 
the use of trapping agents such as glutathione or 
cyanide ions to provide structural information on 
reactive intermediates, have been used routinely to 
screen drug candidates. Avoidance of pathways that 
form reactive intermediates early in drug design may 
be an option to reduce such unwanted toxicities  [78] . 
Frank liver toxicity in form of hepatic necrosis, 
hepatic steatosis with an early indication of effects 
based on clinical chemistry data can normally be 
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impurities where a potential safety concern for 
genotoxicity exists, the guidelines imply that the 
routine identifi cation threshold is not considered to 
be applicable. 

 In recent years, the testing and control of pharma-
ceuticals for the presence of genotoxic impurities 
have been under regulatory scrutiny. Because of their 
dedicated use  –  in many cases chronic use  –  in 
humans, pharmaceuticals are expected to be of high 
purity with little batch - to - batch variability allowed. 
This focus is justifi ed compared to chemicals of other 
use areas, for which exposure may be dedicated but 
limited (e.g. cosmetics), more of an accidental type 
(e.g. household chemicals), or low and chronic under 
workplace or use conditions (e.g. pesticides, indus-
trial chemicals). Because genotoxic compounds are 
usually considered as potentially carcinogenic with a 
linear dose – response relationship, genotoxic impuri-
ties are said to be considered separately from the 
existing ICH guidelines and limits of acceptability 
have to be set. As there was no general guidance on 
how to do this, it has led to considerable differences 
between regulatory authorities. To reduce the differ-
ences in judgement on genotoxic impurities between 
EU Member States, the CHMP decided to ask the 
Safety Working Party to develop a guideline on geno-
toxic impurities. This guideline was released after 
much discussion in June 2006. The central idea in this 
draft guideline is the concept of the Threshold of 
Toxicological Concern (TTC). A TTC value of 1.5    μ g/
day intake of a genotoxic impurity is derived from a 
large database of animal carcinogenicity studies. It is 
estimated that the lifetime intake of any genotoxic 
impurity, with a few exceptions of highly potent 
genotoxic carcinogens, below this TTC is associated 
with an acceptable lifetime cancer risk of  < 10 − 5 . The 
use of this TTC approach is proposed as a pragmatic 
solution for the situation where a genotoxic impurity 
cannot be avoided and where no compound - specifi c 
information is available on the carcinogenic potential 
of the impurity. 

 While the generic TTC of 1.5    μ g/day is based on 
risk delineation from animal data for human lifetime 
use, it is acknowledged that most pharmaceuticals are 
not given over the lifetime. In addition, the investiga-
tion of pharmaceutical candidates compounds in 
clinical trials will generally involve fewer subjects and 
treatment for shorter durations than marketing 
authorisation. Based on the knowledge that human 
tumour risk from exposure to genotoxic carcinogens 
is not only a function of dose, but also a function of 
duration of exposure  [80] , a so - called  ‘ staged ’  TTC 

 Both guideline approaches may improve signal 
detection. Yet, it is unclear whether this heightened 
scrutiny will eliminate compounds similar to those 
that have posed the concerns in the past. Hence, the 
concern remains that there would be insuffi cient 
improved understanding of human risk for drug -
 induced liver injury. As the liver is a highly tolerant 
organ and as such signals are very often detected in 
animal and human studies, only full immunological 
understanding is likely to improve the case. In this 
context, determination of human leucocyte antigen 
(HLA) subtypes in the human population likely 
reacting with an immunological liver response such 
as the example published by Singer et al.  [79]  on the 
COX - 2 inhibitor drug lumiracoxib may improve risk 
assessment much more than any further animal or  in
vitro  studies.  

Impurities and genotoxic impurities
 The relevant ICH Q (with  ‘ Q ’  for Quality) guidelines 
concerning the qualifi cation of impurities in com-
mercial manufacture are Q3A(R) and Q3B(R) which 
focus on impurities in drug substances and drug 
products, respectively, while Q3C recommends limits 
for residual solvents in the drug product [ICHQ3A(R), 
2002; ICHQ3B(R), 2003; ICHQ3C, 1997]. A new ICH 
guideline on metal residues is being developed cur-
rently. This ICH topic is termed ICHQ3D. The guid-
ance given in these regulatory documents is 
considered to be applicable at the time of registration 
of a new pharmaceutical entity. The fi rst two guide-
lines describe threshold levels above which impurities 
are required to be reported, identifi ed and qualifi ed 
either in toxicological investigations or in the clinic. 
The threshold levels vary according to the maximum 
daily dose of a drug. For drug substance, the identi-
fi cation thresholds are within the range of 500 –
 1000   p.p.m. (i.e. 0.05 and 0.1%). While in general very 
high purity of more than 98% is attained for phar-
maceuticals, the presence of impurities even at low 
levels of 0.1% or lower may cause unwanted effects 
or may be of concern for chronic intake. This is of 
particular importance when the drug is taken at a 
high daily dose. Hence, the ICH guidelines Q3A(R) 
and Q3B(R) take precaution for this case and state 
that although identifi cation of impurities is not gen-
erally necessary at levels less than or equal to the 
identifi cation threshold,  ‘ analytical procedures should 
be developed for those potential impurities that are 
expected to be unusually potent, producing toxic or 
pharmacological effects at a level not more than ( ≤ ) 
the identifi cation threshold ’ . Thus, in the case of 
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Step 2 of the ICH process. Details can be found on 
the ICH website at  www.ich.org .  

Dependence potential
 Drugs acting can produce dependence symptoms, in 
particular the ones acting on the central nervous 
system. Reinforcing properties and physical with-
drawal phenomena are well - known aspects of 
dependence potential. However, other aspects of 
withdrawal that are less clear by plain clinical obser-
vation, as exemplifi ed by selective serotonin re - uptake 
inhibitors, also need to be evaluated. In this context, 
the CHMP has issued the Guideline on the Non -
 Clinical Investigation of the Dependence Potential 
of Medicinal Products  (CHMP, EMEA/CHMP/SWP/
94227/2004, 23 March 2006). In this guideline, a 
tiered approach to the issue by non - clinical studies is 
proposed. Tier 1 consists of receptor binding studies, 
which are usually part of early development of CNS 
active substances.  In vivo , confi rmation of the binding 
and functional properties observed  in vitro  can be 
obtained. Initial investigations could make use of 
neuropharmacological models such as microdialysis 
(e.g. dopamine release in nucleus accumbens), neu-
rotransmitter turnover, head twitch, antinociception 
and locomotor activity. These studies are normally 
completed prior to fi rst clinical trials. Tier 2 includes 
the following.
1.     Behavioural models, in which multiple endpoints 
should be examined such as motor function, cogni-
tive function and appetitively motivated behaviour 
 [82] . The different endpoints should be monitored 
before, during and after treatment.  
2.     Studies on withdrawal symptoms once the active 
substance is withdrawn.  
3.     Studies on reinforcing properties of active sub-
stances in which the self - administration paradigm is 
most widely used and may be seen as an approach 
with great face validity. Such studies may be carried 
out alongside already running clinical investigations.    

concept was proposed  [81] . According to this concept, 
generic TTC values can be calculated for durations of 
exposure that occur typically during clinical trials for 
pharmaceutical candidate development. In addition 
to the back - calculation of lifetime risk data to shorter 
durations, two additional considerations were taken 
into account:
1.     if clinical use of a pharmaceutical extends beyond 
a duration of 12 months, a chronic lifetime exposure 
cannot be excluded; and  
2.     in the clinical trial stage, the benefi ts of a pharma-
ceutical candidate are not fully established.    
 Hence, the generic TTC value of 1.5    μ g/day was pro-
posed only for any intake duration of more than 12 
months and all staged TTC values for shorter dura-
tion of exposure were calculated using an acceptable 
risk of  < 10 − 6  instead of  < 10 − 5 . 

 In 2008, the CHMP has communicated its regula-
tory position for the EU on staged TTC values for 
genotoxic impurities in pharmaceuticals (CHMP, 
London, 26 June 2008, Doc. Ref. EMEA/CHMP/
SWP/431994/2007). These values are given in Table 
 3.5 . Compared with the proposal of a staged TTC 
according to M ü ller et al.,  [81]  these values incorpo-
rate a dose rate correction factor of 2 to account for 
deviations from the linear extrapolation model and 
hence are more conservative. Also the US FDA has 
issued a draft guidance on this topic, which represents 
a somewhat less conservative approach than that 
shown in Table  3.5 .   

 In 2009, an ICH process was initiated globally 
to harmonise the approaches to identify, test and 
control carcinogens with a mutagenic mechanism of 
action (in short referred to as  ‘ genotoxic impurities ’ ) 
in pharmaceuticals. As this guideline is a cross -
 functional effort between chemistry, analytics, toxi-
cology and human safety assessment, a cross - functional 
ICH group, M7, was identifi ed to elaborate such a 
guideline and to steer it through the ICH process. In 
January 2013, the draft ICH M7 guideline has reached 

Table 3.5    Generic staged Threshold of Toxicological Concern ( TTC ) values for genotoxic impurities during the clinical trial 

stage for pharmaceutical candidate compounds proposed by the Committee on Human Medicinal Products ( CHMP ) in 

the  EU  

        Duration of exposure  

   Single dose  ≤ 1 month      ≤ 3 months      ≤ 6 months      ≤ 12 months      > 12 months  

  Allowable daily intake ( μ g/person/day)    120    60    20    10    5    1.5  
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(0.66), where  X  is the body weight, converts milli-
gram of drug per kilogram of body weight to milli-
gram of drug to metre square of body surface. The 
US FDA has communicated a guideline on estimating 
the maximum safe starting dose in initial clinical 
trials for therapeutics in adult healthy volunteers 
which uses these factors (US FDA, 2005). Table 1 in 
this FDA guideline indicates factors to convert animal 
doses into a human equivalent dose (HED). As an 
example, a mg/kg dose used in the rat needs to be 
multiplied by 6 to obtain a HED in terms of mg/m 2 . 
For estimation of a safe human starting dose, addi-
tional safety factors (e.g. the generic factor of 10) may 
be used.   

Specifi c  considerations 
for biologicals

 For biotechnology - derived products, appropriate 
preclinical safety studies should be determined in 
accordance with ICH S6 (1997) and addendum to 
ICH S6(R1). For these products, ICH M3(R2) only 
provides guidance with regard to timing of non -
 clinical studies relative to clinical development. 

 Conventional approaches to toxicity testing of 
pharmaceuticals may not be appropriate for biophar-
maceuticals because of unique properties that may 
include species specifi city, immunogenicity and un -
predicted pleiotropic activities. Findings in non -
 clinical safety studies of biopharmaceuticals are often 
restricted to those that could largely be explained 
by the drug ’ s pharmacology. Although most biotech 
products are designed to target specifi c receptors, 
these targets often modulate cellular functions in a 
pleiotropic manner. Therefore a thorough assessment 
of the target and related biology is crucial to predict 
and understand potential target - related toxicity 
(exaggerated pharmacology). As a result of the species 
specifi city of many biotechnology - derived pharma-
ceuticals, it is important to select the relevant animal 
species for toxicity testing. Target sequence homol-
ogy, relative target binding affi nities and receptor/
ligand occupancy and kinetics should be assessed. 
Functional activity can be demonstrated in species -
 specifi c cell - based systems. Finally, the relevance of 
the selected species should be demonstrated by a 
pharmacodynamic response. 

 If there are two pharmacologically relevant species 
for the clinical candidate, then both species should be 
used for short - term general toxicology studies. If 
fi ndings from these studies are similar or related to 

 In the context of dependence potential, the ICH 
M3 guideline refers to three types of studies that are 
often completed to evaluate the potential for abuse 
liability:  ‘ drug discrimination, self - administration of 
the compound, and an assessment of withdrawal ’ .   

Scaling from  animals to humans
 One of the most diffi cult tasks in preclinical testing 
is the scaling from animal data to humans, especially 
for fi rst - in - human studies. Because various kinds of 
toxicities are observed for most test items, some kind 
of safety or exposure margin assessment is expected 
to result from animal experiments to judge hazard 
and risk in humans. This will have to be based on 
measurements of exposure in the toxicity studies 
compared to the likely human exposure. For any new 
therapeutic principle, one of the hardest things is to 
predict likely human therapeutic exposure based on 
results of  in vivo  pharmacology studies in animals. 
For prediction of human exposure, a good starting 
point is usually an assessment of bioavailability in 
animals by the specifi c intended route relative to the 
generally high or absolute bioavailability by the intra-
venous route. Hence, absorption and systemic toxic-
ity observed using special routes should be compared 
with the more usual intravenous or oral routes of 
administration to identify and assess the relevance of 
any signifi cant differences observed. Plasma levels 
will obviously depend on the amount of drug 
absorbed. Higher systemic (i.e. circulating) levels of 
drug may help explain the differences in toxicity 
between routes. Corticosteroids are more toxic on the 
basis of administered dose when given by the inhala-
tion compared with the oral route. It is the ratio of 
the AUC for the plasma concentration – time curve 
in the animal to that in humans that constitutes the 
key element in predicting human toxicity. The art 
of mechanism - based pharmacokinetic – pharmacody-
namic (PK - PD) modelling in drug research has con-
siderably improved over the past few years  [83]  to the 
extent that modelling of exposure for fi rst - in - human 
trials based on animal data became more reliable 
including those for drugs with, for example, high 
lipophilicity  [84] . 

 If pharmacokinetic data are not available or not 
fully trustworthy (e.g. if animal data vary in terms of 
toxicities associated with exposure and an apparent 
reason is not obvious), an approximation can be 
given using a scaling factor that converts body weight 
to surface area. It was found by Freireich et al.  [85]  
that toxicity of anticancer drugs between species 
equated to surface area. Using a scaling factor of  X0
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mination of metabolism pathways is of low impor-
tance for such principles compared to small molecules. 
Distribution of protein products is mainly deter-
mined by the target (target - mediated drug disposi-
tion) resulting in non - linear pharmacokinetics. This 
condition makes dose setting and projections from 
animal doses to humans for biologicals most often 
more complex than for small molecules. 

 The high dose in preclinical toxicity studies should 
be a dose that provides the maximum intended phar-
macological effect in the preclinical species or a dose 
that provides an approximately 10 - fold exposure 
multiple over the maximum exposure to be achieved 
in the clinic, whichever is higher. Corrections for dif-
ferences in target binding and  in vitro  pharmacologi-
cal activity between the non - clinical species and 
humans should be taken into account. In certain cases 
the use of a maximum feasible dose might be justi-
fi ed. For chronic use products, repeat - dose toxicity 
studies of 6 months ’  duration in rodents or non -
 rodents are considered suffi cient. Studies of longer 
duration have not generally provided useful informa-
tion that changed the clinical course of development 
 [88] . For most pharmaceuticals intended for the 
treatment of patients with advanced cancer, non -
 clinical studies of 3 months ’  duration are considered 
suffi cient (ICH S9). 

 For biotechnology - derived products that achieve 
high target and species specifi city safety pharma-
cology data can be collected from a well - designed 
GLP repeat - dose study with inclusion of appropriate 
parameters (ECG measurements, assessment of lo -
comotor function and respiration during clinical 
observations; ICH S7A). Thus, dedicated safety phar-
macology studies as performed for small molecules 
are generally not needed. To examine reversibility 
of effects a non - dosing period should be included 
in at least one study, at least at one dose level to 
assess potential for immunogenicity. Long recovery 
increases the chance to detect antidrug - antibodies 
(ADAs) as high test article levels in blood samples can 
interfere with the ability to measure ADAs. 

 Many biotech products are inherently immuno-
genic in animals and, in quite a few cases, antibodies 
have also developed in humans. While such an anti-
body response does not necessarily cause severe side 
effects, clinical implications can occur. Antibody for-
mation may lead to a loss of effi cacy, neutralisation 
of the endogenous counterpart or general immune 
system effects (i.e. serum sickness like disease, infu-
sion reactions, anaphylaxis and anaphylactoid reac-
tions)  [89] . ADAs in non - clinical studies should 

the mechanism of action, then longer - term studies in 
one species are considered suffi cient. The use of one 
species for all general toxicity studies is justifi ed when 
the clinical candidate is pharmacologically active in 
only one species (monoclonal antibodies). When no 
relevant species can be identifi ed the use of homolo-
gous molecules (surrogates) against the receptor in 
animals or transgenic models carrying the human 
receptor can be considered  [86] . 

 A tissue cross - reactivity study with a panel of 
human tissues is a recommended component of the 
safety assessment package of monoclonal antibodies 
and related antibody - like products. Tissue cross -
 reactivity studies can identify possible target organs 
of toxicity related to off - target binding or previously 
unknown sites of target antigen expression. They can 
further provide comparative information on the dis-
tribution of epitopes between different species, and 
suggest additional evaluations or monitoring that 
may be useful  in vivo  in animals and humans follow-
ing administration of the test article  [87] . However, 
assessment of tissue cross - reactivity in animal tissues 
is of limited value for species selection and often 
low levels of unspecifi c binding compromise inter-
pretation. Genotoxicity studies should only be per-
formed in cases where there is cause for concern. The 
presence of a chemical linker molecule or toxin in 
a conjugated protein product may call for genoto-
xicity studies as such a linker may pose alkylating 
properties. 

 Prior to conducting a pilot toxicity or GLP toxicity 
study, at least a high - dose pharmacokinetic study 
in the selected species should be conducted. When 
the therapeutic protein is directed toward a well -
 described target and the mechanism of action is well 
known it may be appropriate to omit a pilot toxicity 
study and proceed directly to a GLP study (1 – 3 
months). The route and frequency of administration 
should be as close as possible to that proposed for 
clinical use. When switching from intravenous to 
subcutaneous administration, a bridging study in 
the toxicology species must be conducted prior to 
use of a subcutaneous formulation in clinical trials. 
A single - dose subcutaneous administration includ-
ing an assessment on local tolerance may be suffi -
cient; however, regulatory agencies have requested 
longer duration subcutaneous bridging studies de -
pending on the indication and clinical trial to be 
supported. 

 Protein - derived biotech products are degraded, 
not metabolised, resulting in a long half - life and 
intermittent dosing frequency. This means that deter-
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to antigens. For biopharmaceuticals with an agonistic 
function at activation receptors or an antagonistic 
function at inhibitory receptors on immune cells, pri-
mates may not accurately predict effects in humans. 
In this context, the TeGenero case  [1]  suggests that a 
high level of caution regarding the starting dose has 
to be applied when highly pharmacologically active 
principles are about to be tested in humans and 
for principles for which large pharmacological differ-
ences between animals and humans are expected. 
McLean  [72]  has reassessed the appropriate starting 
dose for this agonistic monoclonal antibody TGN
1412, a CD28 receptor binding protein on T cells. 
Treatment with TGN1412 led to a systemic infl am-
matory response attributed to the release of cytokines. 
Cytokine release syndrome (CRS) is usually seen 
upon fi rst exposure to a therapeutic monoclonal 
antibody. It is characterised by the systemic release 
of several infl ammatory mediators which set off 
a cascade of cytokines, predominantly tumour 
necrosis factor  α  (TNF -  α ) and γ  - interferon (IFN -  γ ), 
usually within 1 – 2   h after infusion followed by inter-
leukin 6 (IL - 6) and IL - 10 and, in some cases, IL - 2 
and IL - 8. Symptoms range from mild to severe, 
including fatigue, headache, urticaria, pruritus, bron-
chospasm, dyspnoea, sensation of tongue or throat 
swelling, rhinitis, nausea, vomiting, fl ushing, fever, 
chills, hypotension, tachycardia and asthenia. Pre-
clinical models do not adequately predict the poten-
tial for CRS. Importantly, both non - human primates 
and rodents are relatively resistant to CRS. To improve 
prediction of the cytokine response upon exposure to 
a mAb in development an  in vitro  assay using human 
whole blood is recommended. Results of the assay 
should reduce concerns of CRS and facilitate entry 
into fi rst - in - human clinical trials  [91] . Measurements 
that can refl ect cytokine release or immune cell acti-
vation at later time points (24 – 48   h after cytokine 
release) are the serum acute - phase C - reactive protein 
or the metabolite of guanosine triphosphate neop-
terin, which is secreted by activated monocytes/
macrophages. Surface activation markers on mono-
cytes and T lymphocytes are sensitive markers to 
compare immune activation between human cells 
and cells from toxicology species  in vitro . 

 Reproductive toxicity studies should be conducted 
in accordance with the principles outlined in ICH 
S5(R2). When a biopharmaceutical cross - reacts with 
traditional reproductive toxicology species (rodents 
and rabbit), these studies should be conducted as 
appropriate for the intended clinical population. 
When a molecule does not cross - react with rodents 

be evaluated when there is evidence of altered 
pharmacodynamic activity, unexpected changes in 
exposure or evidence of immune - mediated reactions 
(e.g. immune complex disease, vasculitis, anaphy-
laxis). It is recommended to obtain samples during 
the course of the study, which can subsequently be 
analysed to aid interpretation of study results. When 
ADAs are detected, their impact on the interpretation 
of the study results in the animals species should be 
assessed. However, such analyses in non - clinical 
animal studies are not relevant in terms of predicting 
potential immunogenicity of human or humanised 
proteins in humans, due to species differences in 
protein structure and the perceived foreignness of the 
drug in animals. Characterisation of neutralising 
potential is warranted when ADAs are detected and 
there is no pharmacodynamic marker to demonstrate 
sustained activity in the  in vivo  toxicology studies. 
Neutralising antibody activity can be assessed indi-
rectly with  ex vivo  bioactivity assay or an appropriate 
combination of assay formats for PK - PD, or directly 
in a specifi c neutralising antibody assay. 

 In order to improve prediction of immunogenicity 
in humans, T - cell epitope mapping has been at -
tempted based on the affi nity of a given sequence 
segment for a major histocompatibility complex 
class II allele. However, none of these methods proves 
that a given epitope will be processed by antigen -
 presenting cells, or recognised by the T - cell recep -
tor.  In vitro/ex vivo  T - cell activation assays using 
human peripheral blood mononuclear cells more 
accurately predict the preclinical outcome  in vivo . 
Finally, emerging  in vivo  murine transgenic animals 
or models into which components of the human 
immune system have been transplanted (immune -
 humanised mice) may provide a further refi nement 
to the process of prediction of the immune response 
in patients  [90] . Many biopharmaceuticals are spe-
cifi cally designed to suppress or stimulate the immune 
system. For such molecules additional immunotoxic-
ity endpoints shall be incorporated into toxicity 
studies. Possible assays as suggested by ICH S8 are the 
T - cell dependent antibody response to immunisation 
with sheep red blood cells or keyhole limpet haemo-
cyanin, immunophenotyping by fl ow cytometry or 
immunohistochemistry in lymphoid tissues or  ex
vivo  functional assays of natural killer cells, macro-
phages and neutrophils (antibody - dependent cell -
 mediated cytotoxicity, phagocytosis, oxidative burst, 
chemotaxis). Cell - mediated immunity could either 
be assessed via  in vivo  sensitisation and intradermal 
challenge or  in vitro  measurements of T - cell responses 
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cell division (growth factors) may be more relevant 
mechanisms for biotherapeutic induced promotion 
or progression of tumours. A weight of evidence 
approach, including a review of relevant data from a 
variety of sources is recommended in the Addendum 
to ICHS6(R1). Information available on class effects 
or target biology can be suffi cient to address carcino-
genic potential and inform clinical risk without addi-
tional non - clinical studies. Repeat - dose toxicology 
studies should be carefully evaluated for any signs 
of proliferative potential or immunosuppression. If 
the weight of evidence suggests a concern, additional 
non - clinical studies (i.e. assessments of cell prolifera-
tion, decreased apoptosis or use of alternative animal 
models) should be considered. A potential hazard can 
be best addressed by product labelling and risk man-
agement practices  [93] . 

 In response to the 2006 TeGenero event, the EMA 
issued a Guideline on Strategies to Identify and Miti-
gate Risks for First - In Human Clinical Trials With 
Investigational Medicinal Products  (EMEA, 2007). 
It covers non - clinical concerns for consideration 
prior to the fi rst administration in humans. For inves-
tigational medicinal products with a higher inherent 
risk (based on the mode of action, nature of the 
target, questionable relevance of animals models) the 
minimal anticipated biological effect level (MABEL) 
approach is recommended to select a safe starting 
dose for fi rst - in - human clinical trials. The MABEL is 
the anticipated dose level leading to a minimal bio-
logical effect level in humans. The calculation of the 
MABEL should utilise all in vitro  and  in vivo  informa-
tion available from PK - PD data. When subjects of the 
fi rst - in human trial are patients (i.e. oncology) it is 
considered unethical to start with doses that are 
clearly subtherapeutic and will not provide any 
benefi t. Determining the acceptable balance of risk 
versus potential benefi t in patients remains a chal-
lenge. Early communication with regulators is always 
benefi cial and often critical to advancing a novel 
therapy.  

Animal numbers,  costs and ethics

 Toxicity studies are costly in terms of both animals 
and resources, as indicated in Table  3.6 . For a product 
developed for chronic oral therapy, approximately 
4000 rats, 1300 mice, 100 rabbits, 50 guinea pigs and 
160 dogs (or a comparable number of monkeys), a 
total of nearly 6000 animals, is used. If the fetuses and 
offspring from the reproductive toxicity studies are 

or rabbits, reproductive studies can either be per-
formed in primates (preferred), in transgenic mice 
expressing the human target or with a rodent surro-
gate. When public information available suggests that 
there will be an adverse effect on reproduction this 
may obviate the need for formal reproductive/
developmental toxicity studies. When the non -
 human primate is the only relevant species, potential 
effects on male and female fertility can be assessed by 
a thorough evaluation of reproductive organs (organ 
weights and histopathological evaluation) in repeat -
 dose toxicity studies using sexually mature NHPs. If 
there is a specifi c cause for concern additional assess-
ments such as menstrual cyclicity, sperm count, 
sperm morphology/motility and male or female 
reproductive hormone levels can be evaluated in a 
repeat - dose toxicity study. 

 In contrast to other large molecular weight pro-
teins and peptides, antibodies are actively transferred 
across the placenta. Immunoglobulin G (IgG) pla -
cental transfer in NHPs is low in the period of orga-
nogenesis and begins to increase in early second 
trimester, reaching highest levels late in the third tri-
mester. Therefore, standard embryo - fetal studies in 
NHPs, which are dosed from early pregnancy up to 
gestation day 50 are inappropriate. Furthermore, 
maternal dosing of NHPs after delivery is usually not 
relevant as IgG is only excreted in the milk initially 
(i.e. in the colostrum), and not later during the lacta-
tion and nursing phase. In cases where the NHP is the 
only relevant species one well - designed study with 
a dosing period from day 20 of gestation to birth 
(enhanced pre -  and postnatal development) is rec-
ommended  [92] . This is a rather complex, long and 
costly study. The study design may require adapta-
tions regarding the number of pregnant animals if 
immunological reactions result in early or late abor-
tions of even death of newborns. In general, the study 
design should be agreed upon with regulatory agen-
cies upfront. 

 An important safety consideration for developing 
new therapeutics is assessing whether the therapy will 
increase the risk of cancer. For many biotherapeutics, 
traditional 2 - year rodent bioassays are not applicable 
or feasible because of a lack of relevant pharmacology 
or as a result of immunogenicity in rodents. Because 
biotherapeutics do not induce direct genotoxicity, do 
not form active or genotoxic metabolites and have 
effects that are primarily on target, the concern is not 
that the therapeutic will act as a complete carcinogen 
or tumour promoter. Mechanisms such as modula-
tion of the immune system (immunosuppressives) or 
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Table 3.6    Toxicity studies  –  approximate cost, test material requirement and reporting times 

   Study type     Species     No. of animals  a      Cost  b      Test material     Report  d   (weeks 
after study start)     (  £   thousands)      Factor Q c 

  1 month toxicity    Rat    160    150    0.5    20  

  Dog    32    200    4    20  

  Monkey    32    450    3    20  

  3 months toxicity    Rat    160    250    1.8    26  

  Dog    40    350    15    29  

  Monkey    32    600    12    29  

  6 months toxicity    Rat    192    400    3.7    45  

  Dog    40    500    30    45  

  Monkey    40    850    25    45  

  9 (or 12 months toxicity)    Dog    40    650    60    58 (71)  

  Monkey    40    1000    55    58 (71)  

  ICH reproductive toxicity 

study (teratology)  

  Rat    200 (1770)    100    1.13    32  

  Organogenesis    Rabbit    88 (440)    200    1.37    34  

  Peri - postnatal    Rat    60 (1500)    200    0.35    30  

  3 months dose range fi nding 

study (for cancer study)  

  Mouse    90    250    0.1    29  

  Oncogenicity (gavage)    Mouse (80 weeks)    Up to 1000    1600    5.4    150  

  Rat (2 years)    600    1600    33.7    150  

Genetic toxicology                       

  Microbial            4    6    3  

  In vitro micronucleus            20    10    8  

  Mouse lymphoma            25    10    8  

  Human lymphocyte            25    10    12  

  Micronucleus/Comet Assay    Rat    60    25 – 50    24    12  

   ICH, International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 

Human Use.  

  The fi gures are for study designs that meet worldwide regulatory requirements for pharmaceuticals. Variations that may be 

encountered are given in footnotes.  
 a      Animal numbers in parentheses are numbers of fetuses/offspring produced.  
 b      Costs are approximate (as of 2011) and assume oral (gavage) administration and include costs of assay to confi rm dose 

concentration, bioassay of pharmacokinetic samples, extra groups for assessment of reversibility and include full 

histopathology including its peer review. Signifi cant variations for the same study design will be found between different 

contractors ( ± 20%), different study designs ( ± 25%) and different routes of administration (intravenous  + 25%, inhalation by 

snout only  + 50 – 100%).  
 c      The total quantity of test material required for the study, in grams, is given by the formula Q    ×    sum of the dose levels in mg.  

  Example: a 6 - month dog study with dose levels of 100, 200 and 400   mg/kg requires 23.8 kg test material: i.e. 

34    ×    (100    +    200    +    400)   g.  

  Q takes into account, where appropriate, the inclusion in the study design of suffi cient animals to study recovery and 

pharmacokinetics, the projected mean body weight of the animals over the study and a 20% contingency for unexpected 

losses, etc.  
 d      Times given are for a draft report prior to Quality Assurance Unit (QAU) audit, from start of the  in vivo  phase of the study, 

including a recovery period. It is possible to reduce these times by one - third if given adequate priority.   
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of the  ‘ omic ’  technologies has increased in the past 
years.  
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Introduction 

Defi nitions 
 Exploratory development (ED) can be defi ned as the 
fi rst part of clinical drug development in which tol-
erability, pharmacokinetics and pharmacodynamic 
activity are defi ned in humans and in which an early 
indication of therapeutic effi cacy is often obtained. It 
begins with preparation for the fi rst - in - human (FIH) 
study and, if all goes well, ends with proof of concept. 

 The term  ‘ proof of concept ’  (PoC) is the demon-
stration that predefi ned requirements have been met 
in a clinical trial for the drug to be considered a can-
didate for full development (FD) in which there will 
be commitment to doing everything required to gain 
a product licence. The term  ‘ proof of principle ’  is 
often but not always used as synonymous with PoC. 
These are particularly useful terms when applied to a 
drug thought to act by a novel mechanism of action. 
For example, a drug may be the fi rst known inhibitor 
of a particular enzyme or antagonist at a certain 
receptor and the PoC will be a demonstration that 
such inhibition results in a desired pharmacody-
namic or clinical endpoint. The terms are perhaps less 
appropriate when the mechanism of action of the 
drug class to which the drug belongs is well estab-
lished. In such cases, the critical success factors relat-
ing to the specifi c drug are often referred to as 
 ‘ drugability ’  by which one means the pharmacoki-
netic profi le and resultant dosing schedule or the 
therapeutic index compared with that of a competi-
tor marketed product. Demonstration of such prop-
erties may be critical success factors for the drug but 
cannot really be considered PoC. 

 Clinical drug development involves trials with 
investigational medicinal products (IMPs) but the 
defi nition of an IMP includes placebos and marketed 
products used as controls  [1] . In ED we are really 
focusing on new molecular entities (NMEs), which 
can be defi ned simply as unlicensed new chemical or 
biological entities whose therapeutic potential is 
under investigation. New chemical entities (NCEs) 
are small molecules typically of molecular weight 
ranging from 250 to 500   Da. By contrast, new bio-
logical entities (NBEs), often just called  ‘ biologicals ’ , 
may range from small peptides to proteins of many 
kilodaltons. 

 The term  ‘ phase I ’  is applicable to the FIH study in 
healthy volunteers to determine the safety and toler-
ability, pharmacodynamic effects and the pharma-
cokinetics of an NME. However, early evaluation of 
drugs used in oncology, many biologicals, anaesthet-
ics and others is often performed in patients in 
whom effi cacy may also be demonstrated. The term 
 ‘ phase I ’  is also often used to describe such studies. 
Conversely, human pharmacology studies in healthy 
volunteer are performed throughout the drug devel-
opment process. For example, studies of drug interac-
tions and pharmacokinetics of new formulations are 
frequently conducted at a late stage of drug develop-
ment and studies to support new indications and 
other line extensions may be performed years after 
the fi rst licence is granted. Thus, the term  ‘ phase I ’  has 
a variety of meanings and is ambiguous. 

  ‘ Phase II ’  refers to studies in patients with the 
target disease to determine safety and preliminary 
evidence of effi cacy. However, what matters is whether 
PoC has been established and with what degree of 
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long way to describing the profi le of the drug and 
whether it meets the requirements of the previously 
identifi ed critical success factors. 

 As early as possible we should try to establish the 
range of drug doses that produce the desired effect 
and the relationships between dose, plasma concen-
tration and the magnitude of desired and undesired 
effects. If successful, much time and resource can be 
saved later in development because it should be pos-
sible to enter clinical trials with the clinically effective 
dose range  [2,3] . The ratio of doses producing a par-
ticular undesired effect to that of the desired effect 
can be determined to provide a preliminary assess-
ment of the therapeutic index. The incidence and 
clinical signifi cance of adverse events can only be 
interpreted with reference to the doses, plasma con-
centrations and their variability and both magnitude 
and variability of desired effects. The objectives of 
these exploratory studies are summarised in Box  4.1 .   

 The target product profi le of a NME should 
describe the features that we desire in order for it 
to be a success with respect to its medical and com-
mercial value. However, from the point of view of 
exploratory drug development, we need to be more 
demanding by defi ning a minimum acceptable profi le 
(MAP), concentrating particularly on the critical 
success factors. Then, by comparing the actual profi le, 
as revealed by ED, with the MAP, decisions can be 
made about the future of a project (i.e. whether it is 
worth taking from ED into FD). The intention is that 
the fi ndings in ED will predict the benefi t   :   risk ratio 
that will be established in FD. It is not suffi cient to 
defi ne the MAP simply in terms of  ‘ the drug works 
and seems to be safe ’ . The acceptable benefi t   :   risk 
ratio will depend greatly on the seriousness of the 
target disease and the availability of other treatments. 

certainty and in what range of doses. Phase I and at 
least part of phase II are encompassed by ED but 
these terms do not capture the exploratory nature of 
early drug development. They also suggest that the 
process is linear, whereas in practice the phases of 
drug development are often not well demarcated 
and different activities run concurrently. For these 
reasons, I shall not use these terms in this chapter.  

Objectives of exploratory  development
 The overall aim of ED is to reject those NMEs that 
will not make useful medicines as early as possible 
and to select NMEs appropriate for full development 
with the intention of proceeding to Marketing 
Authorisation Application (MAA) in Europe and 
New Drug Application (NDA) in the USA. Therefore 
in ED we evaluate a compound critically to establish 
whether or not it has a certain desired profi le. 

 By contrast, in FD there should be suffi cient 
knowledge about the compound to merit the com-
mitment of enormous resources required to conduct:
    •      adequately powered, controlled clinical trials of 
effi cacy and safety;  
   •      scale - up manufacture of raw material and formu-
lated product;  
   •      chronic toxicology and carcinogenicity studies;  
   •      human pharmacology and/or pharmacokinetic 
studies;  
   •      additional clinical studies to address specifi c issues; 
and
   •      pharmacovigilance and regulatory activities needed 
for registration.    

 This approach to drug development has been 
referred to as  ‘ learn – confi rm ’  in which the effort is 
invested to learn as much as possible about the NME 
during ED to make a decision whether to proceed to 
FD or reject the compound. If the decision is made 
to continue, the studies should confi rm the earlier 
fi ndings and there should be few nasty surprises in 
FD. However, it should be recognised that there is 
never enough information to make  ‘ risk - free ’  deci-
sions, particularly when working with a novel mecha-
nism of action, and uncommon and rare adverse 
reactions, which may be critically important, are 
unlikely to be detected during the course of ED 
because of the small number of subjects exposed at 
this stage of development. 

 Exploratory development begins with the identifi -
cation of  ‘ critical success factors ’  for the particular 
NME. Starting with the fi rst administration to 
humans, a small number of well - designed and con-
ducted human pharmacology studies should go a 

BOX 4.1    Objectives of  s tudies in  e xploratory 

 d evelopment 

        •      To identify the relationship between dose and 

plasma (or other) concentrations  

   •      To characterise the absorption, distribution, 

metabolism and excretion  –  pharmacokinetics  

   •      To defi ne the shape and location of the dose –

 concentration – response curves for both desired and 

undesired effects  –  preliminary assessment of 

benefi t   :   risk  

   •      On the basis of this information, to identify the 

range of dosage and concentrations producing 

maximum benefi t with fewest undesirable effects     
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to humans, but the plan for ED may look quite dif-
ferent depending on the target product profi le. Even 
if the design of the fi rst one or two studies might not 
be affected, the data these studies generate will cer-
tainly be critical in deciding whether to continue or 
stop development, or change direction. For example, 
a molecule that has been shown to have both anticon-
vulsant and antinociceptive activity in animal models 
might be developed as an anti - epileptic, an analgesic 
or both. The plan for ED will look quite different for 
these indications, and the MAP of pharmacokinetics 
and tolerability will probably differ substantially. 
Similarly, a molecule that is active in animal models 
of diabetes and obesity might be developed for either 
indication, or both. Again, the ED plan of studies and 
desired or acceptable outcomes will depend on the 
chosen indication. The strategy may seem relatively 
straightforward for an antibiotic with a long half - life 
in animals that would, if translated to humans, give 
it a clinically meaningful advantage over the competi-
tors. However, even this needs careful defi nition of 
the MAP in terms of pharmacokinetics, spectrum of 
bacterial sensitivity, target diseases, tolerability and 
safety profi les by different routes of administration. 
There also has to be a clear understanding of the 
likely development times needed to achieve registra-
tion for different indications by different routes of 
administration and the impact on the drug ’ s market 
potential.  

Devising the plan
 When starting to devise the plan, it is useful to con-
sider a series of questions, shown in Box  4.2 . The 
timeline should be as short as possible and it may be 
possible to conduct some studies in parallel or at least 
with a stagger rather than sequentially; however, this 
must not be at the expense of the safety of the study 
subjects. Often there is no choice but to wait for the 
results of one study before starting the next. On the 
other hand, predefi ning the core data required for 
decision - making and making arrangements for rapid 
quality control and database - lock can substantially 
reduce the delays between studies.   

 The ED plan should lead to one or more decision 
milestones at which an agreed body of information 
will be provided in a defi ned time. The plan may 
consist of as few as one or two studies in healthy 
volunteers, to be completed within 6 – 9 months, or it 
may involve a complex series of studies in healthy 
volunteers and patients, which might take 2 or 3 
years. Whatever is appropriate, the information avail-
able at the decision milestones should enable the 

For an agent that works by a novel mechanism of 
action and could be the fi rst in class for treatment of 
a life - threatening disease, the MAP will be quite dif-
ferent from that of a  ‘ me too ’  for a troublesome but 
non - serious condition. For the former, demonstra-
tion of clinical benefi t despite unpleasant and possi-
bly serious adverse effects might be acceptable, 
whereas for the latter, success might perhaps depend 
on demonstration of a single advantageous property 
of the compound over its competitors, such as greater 
oral bioavailability, faster onset or longer duration of 
action with few if any adverse effects, none of which 
must be clinically signifi cant.  

Outcomes of exploratory  development
 In general terms, there are three possible outcomes of 
ED, (Table  4.1 ). To summarise, while there is always 
considerable uncertainty in ED and no decision will 
be infallible, the risk of selecting the wrong com-
pounds for development can be minimised by iden-
tifying critical success factors and a MAP that will 
provide the basis for go/no - go decisions.     

Table 4.1    Outcomes of exploratory development 

   Outcome     Likely decision  

  Meets MAP    Progress the drug into full 

development  

  Does not have the desired 

effect and does not meet 

MAP

  Terminate the project  

  Has desired effect but 

does not meet MAP  

  Bring forward back - up 

compounds. May be suitable 

to use as probe in humans to 

evaluate basis for drug action 

or to develop methodology 

to be applied to back - up 

compounds  

   MAP, minimum acceptable profi le.   

Planning exploratory  development

The need for a regulatory strategy 
 If the purpose of ED is to generate data on which to 
base decisions about future development, the strategy 
for future registration of the drug needs to be well 
defi ned. It may seem premature to be discussing regu-
latory matters before the drug has been administered 
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Presentation of the  plan
 The ED plan is perhaps best composed of two parts.
1.     A brief summary of the project presented under 
the headings suggested in Box  4.3 .  
2.     A more detailed document providing the essential 
justifi cation, scientifi c data and commercial infor-
mation required to support the project, shown in 
Box  4.4 .    
 An overview of the project plan, with timeline 
and delineated critical path, may be conveniently 

company to compare the actual profi le with the pre-
viously agreed MAP. The company will then be in a 
position to make a well - founded decision on whether 
to continue development with a much reduced risk 
of failure or whether to stop and concentrate precious 
resources elsewhere. 

 The fi rst study commonly involves single ascend-
ing doses and the second study might involve re -
peated administration but the specifi c study objectives 
must be tailored to the strategic goals and provide 
clear information that will defi ne the profi le. For 
example, if it is critical that the absorption of an anti -
 arrhythmic drug is not affected by prior ingestion of 
food, the effect of food on the bioavailability of the 
drug should be an objective that can be easily evalu-
ated in the FIH study. Or, if an antimigraine drug 
must be effective in doses that are devoid of sedative 
activity, tests of sedation, as well as spontaneous 
adverse event reporting, should be included in the 
fi rst and subsequent studies. To take an example 
mentioned earlier (see  ‘ The need for a regulatory 
strategy ’ ), the patient population, objectives and end-
points of the fi rst study in patients for a drug targeted 
at diabetes will be quite different from those for a 
drug targeted at obesity, even if some of the patients 
may have both conditions. An outline for a generic 
ED plan is provided in Box  4.3 . The documenta -
tion required to support the project plan is listed in 
Box  4.4 .    

BOX 4.2    Questions to  a sk  w hen  d evising the 

 e xploratory  d evelopment  p lan 

        •      What is the company ’ s strategic goal for this new 

molecular entity (NME)?  

   •      With a clear understanding of this goal, what is the 

minimum acceptable profi le?  

   •      Which features of this profi le are known to be 

critical to the future of this NME?  

   •      What fi ndings would result in us stopping 

development?  

   •      What information will expedite and optimise design 

of clinical trials in full development?  

   •      What is the minimum number of studies required to 

address these issues?  

   •      How long will it take to carry out the studies and 

reach a decision milestone?  

   •      What is the most appropriate population for each 

study?  –  healthy volunteers or patients and consider 

age, sex, race, other genetic factors     

BOX 4.3    Outline of an  e xploratory  d evelopment 

 p roject  p lan 

        •      Therapeutic indication and rationale for 

development  

   •      Mechanism of action  

   •      Minimal acceptable profi le  

   •      Critical features of the profi le for go/no - go decisions  

   •      Information that will be generated in exploratory 

development for milestone decisions  

   •      List of proposed studies, with a brief outline of each  

   •      Formulations and pharmaceutical material 

requirements  

   •      Timeline, with critical path to milestone decisions     

BOX 4.4    Documentation to  s upport the  p roject  p lan 

        •       Medical rationale for development   –  medical need, 

therapeutic target, current therapies available and 

their defi ciencies  

   •       Scientifi c rationale   –  mechanism of action, novelty, 

selectivity, potency, etc.  

   •       Chemistry and pharmacy   –  synthetic route, 

physicochemical properties including 

stereochemistry, proposed formulation and route(s) 

of administration  

   •       Safety   –  secondary pharmacology, toxicology  

   •       Pharmacokinetics and metabolism   –  absorption, 

distribution, metabolism and excretion (ADME), 

including potential for interactions, polymorphisms 

of drug - metabolising enzymes and exposures in 

humans predicted from interspecies allometric 

scaling

   •       Pharmacodynamics   –  predicted effective 

concentrations in humans  

   •      Time to registration with decision milestones  

   •      Discussion of critical features of the minimal 

acceptable profi le for go/no - go decisions  

   •      Patent status  

   •       Commercial assessment   –  competition, present and 

potential future size of market     
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Secondary pharmacodynamic activity
and safety pharmacology
 Characterisation of the activity of primary interest 
must be accompanied by an equally thorough evalu-
ation of the pharmacology of the compound at other 
receptors and in other body systems. Secondary phar-
macodynamic activity refers to the pharmacology of 
a substance not related to its desired therapeutic 
target  [4] . Such studies may reveal desired or unde-
sired properties. Thus, on the one hand, an NME 
may be found to have the desired effect at sites or in 
systems other than the one fi rst considered. On the 
other hand, non - selectivity may imply that doses pro-
ducing the desired therapeutic effect are likely to 
be accompanied by adverse effects. In short, robust 
quantitative  in vitro  and  in vivo  non - clinical data are 
required to avoid wasted effort and, more seriously, 
potentially dangerous adverse effects in humans 
during clinical development. 

 The package of safety pharmacology studies will 
generally include  in vivo  investigation of effects on all 
the major systems with parenteral administration of 
high single or cumulative doses of the compound 
and any major active metabolites to rodent and non -
 rodent species. A typical safety pharmacology package 
for an NCE is shown in Box  4.5 . Such a safety package 
is not appropriate for biotechnology products  [5] . 

presented as a Gantt chart. A decision tree is another 
visual aid that can serve to clarify the critical informa-
tion required for each milestone decision. 

 Although the ED plan should be carefully thought 
out and well defi ned, it must be recognised that it is 
not written in tablets of stone. The very scientifi c 
nature of ED means that there will be new, often 
unexpected, fi ndings. Results of one or two doses 
administered to humans may show that some 
assumptions were wrong and that the plan must be 
changed accordingly. For example, if a drug or one of 
its major metabolites is found to have a much longer 
half - life than predicted by preclinical studies, this is 
likely to affect not only the design of present and 
future studies, but also the acceptable tolerability and 
safety profi le and perhaps the commercial potential 
of the drug, either favourably or adversely. The plan 
may have to be revised to take these considerations 
into account. Planning is therefore essential, but exe-
cution of the plan needs to be fl exible and the plan 
may have to be modifi ed considerably, even if the 
overall goals remain unchanged.   

Requirements for  administration 
of an NME to  humans

Evidence of primary
pharmacodynamic activity
 Pharmacodynamics can be defi ned as the action of 
a drug on molecular or cellular targets or on the 
whole organism. The decision to proceed with devel-
opment of a compound should only be made after 
thorough characterisation of its pharmacodynamics 
in terms of dose – concentration – response relation-
ships in vitro  and  in vivo  in animals. The commitment 
to take a compound into humans should not be taken 
lightly because considerable resources are required 
to meet the demands of the safe and ethical admin-
istration of a NME to humans. No pharmaceutical 
company can afford to waste precious resources on 
projects that have little chance of success. By contrast, 
the cost of thorough preclinical evaluation of the 
mode of action and pharmacodynamic effects of 
a substance in relation to its desired therapeutic 
target is small. This is the scientifi c basis for all 
rational drug development today and is the informa-
tion required for the design of the fi rst human phar-
macology studies. However, it does not preclude the 
possibility of serendipitous discoveries, which have 
played such an important part in drug discovery in 
the past.  

BOX 4.5   Typical  s afety  p harmacology  p ackage for a 

 n ew  c hemical  e ntity 

        •      Receptor ligand and ion channel binding, enzyme 

assays, etc. supported by functional data where 

appropriate  

   •       Respiratory function   –  respiratory rate, tidal and 

minute volume  

   •       Cardiovascular system   –   in vitro  systems for potential 

to prolong electrocardiographic QT interval 

including ion channel tail current recorded from 

cells stably transfected with human ether - a - go - go -

 related gene (hERG) cDNA, recordings of action 

potentials from isolated dog Purkinje fi bres and 

electrocardiographic recordings from guinea pig 

atria as well as from  in vivo  studies in rats and dogs; 

effects on heart rate, blood pressure, cardiac 

contractility and ECG including anaesthetised and 

conscious (refl exes intact) animals  

   •       Central nervous system   –  behavioural activity, 

sensory/motor responses and body temperature  

   •       Gastrointestinal tract   –  bowel transit times  

   •      Additional studies related to fi ndings in the above 

and to mechanism of action or target patient 

population for clinical trials     
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has reached steady state. Much of the evaluation of 
the pharmacokinetics and the rates and routes of 
metabolism will be studied in animals using radiola-
belled drug, but should be supported by  ‘ cold ’  assays.  

Toxicology 
 This topic is covered comprehensively in Chapter  3  
and the discussion here will be confi ned to a few 
salient points. 

 Physicians and other clinical scientists responsible 
for ED are unlikely to be expert in toxicology but they 
must be familiar with the preclinical safety require-
ments for human studies in general  [6]  and with the 
detailed toxicology of the NME under consideration. 
The fi nal responsibility for the decision whether and 
how to conduct the FIH study lies with the physician. 
Toxicity fi ndings that give cause for concern should 
always be discussed with the toxicologist even if they 
are considered to be unrelated to the drug. Explana-
tion may suffi ce but, if reassurance is inadequate, 
additional studies may be needed or it might be nec-
essary to limit exposure in humans until further 
information becomes available. 

 It should be appreciated that the objective of 
the toxicologist is to identify target organ toxicity, 
whereas that of the clinical pharmacologist is to 
minimise risk and avoid signifi cant toxic effects. 
Thus, the clinical pharmacologist needs to know the 
following.
1.     The organs in which toxicity was demonstrated 
(target organ toxicity) and any abnormalities in labo-
ratory tests.  
2.     The maximum no observed (non - toxic) effect 
dose level (NOEL).  
3.     The maximum no observed adverse (toxic) effect 
dose level (NOAEL).  
4.     The toxicokinetics, in particular the peak concen-
trations ( Cmax ) and exposure [area under the plasma 
concentration – time curve (AUC)] to parent drug and 
any major metabolites at the NOAEL and at higher 
(toxic) doses in the animal species tested.    

 This information may affect selection criteria for 
the study population and choice of tests additional to 
routine safety monitoring. It will certainly contribute 
to selection of the starting dose, range of doses, 
maximum exposure and dose increments to be 
studied. Pharmacokinetics in humans may be quite 
different from those in animal species but the rela-
tionship between plasma concentrations and effects 
frequently holds across species so that plasma and, 
if possible, tissue concentrations are generally 
more important than dose. Acute toxicity may be 

A much reduced package may also be required for 
substances to be applied topically, which do, however, 
require specifi c studies of local irritancy, phototoxic-
ity and photosensitivity.    

Pharmacokinetics and drug metabolism
 The physical properties and pharmacokinetic profi le, 
with data on absorption, distribution, metabolism 
and excretion (ADME) in animals, form an essential 
part of the drug selection process because the desired 
pharmacokinetic profi le should be defi ned  ab initio . 
For example, if it is decided that a potential new 
antihypertensive drug is to have a half - life in humans 
of at least 15   h to permit once - daily administration, 
there really is no point in developing a compound 
that has a maximum half - life of 45   min in larger 
mammals. A potential anti - arrhythmic, which is 
likely to have a low therapeutic index, requires con-
sistent bioavailability; therefore, a compound that 
undergoes extensive fi rst - pass metabolism or is 
poorly and inconsistently absorbed in animals is 
unlikely to be worth developing as an oral therapy to 
be taken over long periods. 

 The pharmacokinetics of a drug in rodents, dogs 
and primates are certainly of some predictive value 
to humans, although there can often be surprises. If 
there is good agreement between species, it is likely 
that humans will handle the drug in a similar fashion. 
Conversely, if the major clearance mechanism, meta-
bolic or renal elimination of unchanged drug or 
metabolite profi le differ greatly between species, it is 
far more diffi cult to predict the pharmacokinetics in 
humans. Reliable predictions about metabolic clear-
ance in humans can often be made using cloned 
human metabolic enzymes, human hepatocytes, 
microsomes or, if available, whole - liver slices. 

 The potential value of an NME that is metabolised 
primarily by an enzyme exhibiting genetic polymor-
phism in the general population, such as CYP2D6, 
needs to be carefully considered. Potent enzyme 
induction is another serious disadvantage which 
should be investigated in animals, and inhibition of 
cloned cytochrome P450 isozymes should be tested 
as part of a routine screen, because drug interactions 
with concomitant medications may be critical to the 
value of a new therapy. 

 When a compound undergoes metabolism, the 
pharmacokinetics of major metabolites, particularly 
those that have pharmacological activity or are 
responsible for toxicities, should be examined. A long 
half - life of a metabolite may result in accumulation 
long after the concentration of the parent molecule 
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be used for the human studies. This avoids diffi culties 
in attributing toxicity fi ndings to different impurities 
or different proportions of the same impurities which 
are frequently encountered in early batches. Although 
the batch size may be limited, the amount of material 
required for the initial human studies is generally 
small compared with that used for toxicology.   

 It is always diffi cult to provide the pharmacist with 
suffi cient information to facilitate manufacture of an 
optimal formulation. The dose range of interest is not 
known, and careful consideration should be given to 
selection of unit doses that will provide the greatest 
fl exibility. Good communication is essential and 
adequate lead time must be allowed. Compounds 
with poor absorption are diffi cult to formulate and 
may take considerable time and resources. Repeated 
in vitro  and  in vivo  testing in animals may be required 
before a satisfactory formulation is found. 

 All formulations for administration to humans 
must be prepared in compliance with Good Manu-
facturing Practice (GMP) and the certifi cates of 
analysis must be provided. The European Clinical 

attributable to pharmacological effects which are 
related to the  Cmax  while chronic toxicity often unre-
lated to the primary pharmacology is more likely to 
be related to exposure (AUC) over time. For com-
pounds with very extensive plasma protein binding, 
allowance may be required for differences in the 
extent of binding in different species compared with 
that in human plasma. 

 While the importance of plasma concentrations 
rather than dose cannot be over - emphasised, an 
important exception to this occurs in the case of 
hepatotoxicity resulting from exposure of the liver to 
portal rather than systemic blood drug concentra-
tions. In this case, the oral dose administered to the 
animals is more relevant than the systemic plasma 
concentrations, which refl ect the extent of fi rst - pass 
metabolism as well as absorption and distribution. 

 Before administration of an NME to humans, a 
mutagenicity test in bacterial cells (Ames test), with 
and without metabolic activation, and tests for chro-
mosomal aberrations in mammalian cells should be 
negative  [7,8] . Any positive or equivocal results will 
require additional tests to be performed before pro-
ceeding to humans. Studies of embryo - fetal toxicity 
should be performed before administration of an 
NME to women of reproductive potential. Studies of 
fertility, early embryonic development and prenatal 
and postnatal development are not required at this 
stage of development; neither are carcinogenicity 
studies. 

 An additional consideration is the safety assess-
ment of agents that will be used for challenge stimuli 
in the evaluation of pharmacodynamics. In some 
cases there is a long history of uneventful clinical use 
of tests (e.g. bronchial challenge with histamine and 
methacholine). If used in a similar manner, there may 
be no need to consider performing safety studies in 
animals prior to their application in ED. On the other 
hand, the use of agents that are much less well estab-
lished and that have an unproven safety record must 
raise the question of whether appropriate toxicology 
and pharmacological safety assessments should be 
performed in animals.  

Drug substance and pharmaceutical
formulations
 The size and quality of the batch of bulk chemical or 
biological material that will be formulated for the 
FIH study are critical to the expeditious transfer from 
animals to humans. Required details of the drug sub-
stance are shown in Box  4.6 . Wherever possible, the 
same batch that has been used for toxicology should 

BOX 4.6   Pharmaceutical  r equirements for 

 a dministration to  h umans 

  Drug  s ubstance 

     •      Chemical structure  

   •      Physical properties: e.g. appearance, solubilities, 

pK a  

   •      Details of the synthetic route  

   •      Manufacturing process and controls  

   •      Elucidation of structure  

   •      Batch analysis  

   •      Analytical procedures  

   •      Stability data     

  Formulation 

     •      Description and composition  

   •      Manufacturing process and controls  

   •      Control of excipients  

   •      Analytical methods  

   •      Proof of structure  

   •      Purity, proportions of impurities, identity of major 

impurities  

   •      Stability of formulated as well as raw material  

   •      Certifi cate of analysis giving date of manufacture, 

batch number, weight of material and range, 

dissolution characteristics, appearance, excipients, 

expiry data and assurance of compliance with Good 

Manufacturing Practice  

   •      Compatibility of injections with intravenous fl uids 

and with plastics     
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studies and, when appropriate, to select and develop 
methodologies that will contribute to the drug ’ s eval-
uation in humans. This may include validation of 
pharmacodynamic measures to be used in the clinical 
pharmacology unit, assessment of the possible con-
tribution of imaging techniques and development of 
bioanalytical methods. Not infrequently, assays that 
were perfectly adequate to support preclinical work 
are insuffi ciently sensitive, specifi c or accurate to 
quantify the comparatively low concentrations of 
parent drug and major metabolites in humans. At 
the very least, assays require validation in human 
matrices.  

Preparation of the  Investigator’s Brochure 
 The rate - limiting step, which usually defi nes when an 
NME can be transferred to clinical, is the subacute 
(usually 28 day) toxicology. While reports of these 
studies are being written, preparation of the key 
documents required for the FIH study can begin. 
Once the toxicology reports are available, and are 
supportive of proceeding to humans, the documenta-
tion can be completed. In addition to the protocol ( 
 ‘ Aspects of the fi rst protocol and ethics review ’ , see 
later), and information for volunteers with consent 
form, the investigator ’ s brochure (IB) needs to be 
prepared. It is usual for each of the preclinical disci-
plines to contribute sections to this document, but 
the clinical scientists need to ensure that the docu-
ment is appropriate for a clinical readership. The 
outline content and format of the IB is provided in a 
guideline of the International Conference on Harmo-
nisation (ICH) published by the European Medicines 
Agency.  [9]  

 It should always be remembered that the IB is not 
a promotional document aimed at presenting the 
NME in its best light; on the contrary, it is intended 
to inform investigators and ethics committees about 
every aspect of the drug, to enable them to make wise 
judgements in the interest of study subjects, be they 
healthy volunteers or patients. The IB is necessarily a 
summary, but less than full disclosure of important 
information about the drug, whatever the source, is 
not acceptable and all documents should be refer-
enced and made available on request. 

 The fi rst edition of this important document will 
contain no clinical information, but the next edition 
should be produced immediately after completion 
of the FIH study, with a summary of the fi ndings. 
The principal investigator must become fully familiar 
with the IB when the protocol is being developed 
and, once fi nalised, the IB should be submitted to the 

Trials Directive  [1]  requires that details of the formu-
lations be provided to, and approved by, regulatory 
authorities and a  ‘ qualifi ed person ’  at the investigator 
site(s). In principle, the Directive has been in force 
throughout the EU since May 2004 although it was 
implemented at various times in different Member 
States. The Directive applies to healthy volunteer as 
well as patient studies. The requirements for pharma-
ceutical products for administration to humans are 
summarised in Box  4.6 . 

 The need for placebos generally from the fi rst 
human study onwards typically involves manufacture 
of dummy capsules or tablets, and if oral solutions or 
suspensions are to be used, these must be matched as 
closely as possible for taste, colour and appearance. 

 Consideration must also be given to agents that are 
intended to be used for challenge stimuli. Some may 
be available commercially for use in humans, others 
may not and considerable work may have to be done 
to obtain raw material of suffi cient purity and stabil-
ity, followed by development and manufacture of an 
appropriate formulation.   

Preparation for the  fi rst 
administration to  humans

Transfer from  preclinical to  clinical
 The establishment of good working relationships 
between the preclinical scientists (e.g. chemists, 
immunologists, pharmacologists, toxicologists, drug 
metabolism experts) and the clinical scientists re -
sponsible for ED is of enormous value. This is some-
times hard to achieve when the different groups are 
separated geographically or an NME is licensed from 
another organisation. However, it should be recog-
nised that at this stage, the preclinical scientists gener-
ally have extensive knowledge of the compound and 
of the related science and their contribution to the 
ED plan can be extremely valuable. On the other 
hand, the clinical pharmacologist has an important 
part to play in assessing the preclinical data. Consid-
eration of the ED plan may reveal that studies addi-
tional to those planned may be required. Review of 
the toxicity, safety pharmacology and metabolism 
data acquired to date may raise concerns and indicate 
that further work is necessary. 

 Close cooperation before the fi rst administration 
to humans is likely to lead to a smooth transfer of the 
compound and the rapid movement of a compound 
out of preclinical trials into humans. This lead time 
can be used to devise the ED plan, design the fi rst 
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decisions and alternatives should be detailed 
carefully. 

 When the IEC meets to review the protocol, it is 
advisable for a senior toxicologist and the principal 
investigator to be available to answer questions if 
required. Of course, members of the committee may 
have access to any other company documents, such 
as toxicology reports, if they desire. More detail about 
the design of such studies is provided in  ‘ Design of 
the fi rst - in - human study ’  (see later) 

 Pharmaceutical companies frequently establish a 
committee of senior management to authorise the 
fi rst study of an NME in humans, the review and 
approval generally being a prerequisite for submis-
sion to the external IEC. However, as stated in  ‘ Toxi-
cology ’  (see earlier), the clinician responsible for the 
FIH study must be personally satisfi ed that the pre-
clinical data, relating to effi cacy and safety, justify 
administration to humans. A useful test is for the 
physician and other responsible personnel to ask 
themselves:  ‘ Would I be prepared to volunteer for this 
study and would I be happy for a loved - one to do so? ’   

Request for clinical trial authorisation
 The application for a clinical trial authorisation for 
the fi rst administration of an NME to humans com-
prises the same elements as all other clinical trial 
authorisations but there will be no clinical data. The 
regulatory authority known as the competent author-
ity of the EU member state requires receipt of confi r-
mation of the European Clinical Trials Database 
(EudraCT) number, a covering letter, a completed 
application form, the protocol with all current 
amendments, the IB and a full Investigational Medici-
nal Product Dossier (IMPD) (see later). If the study 
is to be conducted in more than one member state, a 
list of competent authorities should be included. If 
the opinion of the IEC is available, it should be 
provided. 

 The IMPD should summarise the quality, manu-
facture and control of the IMP including the active 
pharmaceutical ingredient and drug product (the 
dosage form), derived from tests carried out to 
current standards of GMP, and the non - clinical phar-
macology, pharmacokinetics and toxicology con-
ducted to the standards of Good Laboratory Practice 
(GLP). Assessors and reviewers prefer data presented 
as tables with a brief discussion of the most impor-
tant results and any conclusions. The application 
should draw attention to and justify any deviations 
from the standards described in available guidelines. 
There should be suffi cient detail in the summaries 

relevant independent ethics committee (IEC) and 
competent (regulatory) authority as providing the 
scientifi c background in support of the protocol.  

Aspects of the fi rst  protocol 
and ethics review
 A protocol for the fi rst and other early studies with 
an NME in humans is similar to those for later studies 
in healthy volunteers and patients but has some par-
ticular features that are worth special consideration. 
The protocol should be written to satisfy not only the 
needs of regulatory authorities and personnel who 
will be involved in conduct of the study, but also to 
facilitate the work of the IEC, which bears consider-
able responsibility in such cases. The nature of the 
scientifi c material contained in the protocol is often 
complex, highly specialised and quite unlike most 
protocols for clinical trials handled by such 
committees. 

 The emphasis is essentially on safety rather than 
ethics, although a study that does not minimise risk 
and is of dubious scientifi c quality is also unethical. 
As well as a summary of the preclinical information, 
some comment and interpretation about its signifi -
cance should be provided. The choice of starting dose 
and increments for dose escalation should be justi-
fi ed. The number of subjects and amount of data that 
will form the basis for a decision to escalate should 
be clearly stated, as should the criteria for stopping 
the escalation  –  the stopping rules. A risk assessment 
is required, which should include the means by which 
the identifi ed risks can be mitigated. 

 The clinical procedures that will be undertaken 
and intended doses may need to be revised after 
review of the fi rst results. The protocol should there-
fore be written with some fl exibility so that, for 
example, within a defi ned dose range, adjustments 
of dose can be made. Similarly, while the mini -
mum interval between doses should be explicit, there 
should be an option to increase the proposed interval 
if the half - life is longer than expected. There should 
be some fl exibility in timing of blood samples and 
urine collections, which may need to be changed in 
light of pharmacokinetic and pharmacodynamic data 
generated during the study, although the maximum 
number of samples and total blood volume to be 
sampled should be unchanged. On the other hand, 
this fl exibility, which is necessary for the smooth 
conduct of an FIH study, must not be taken to imply 
that ill - defi ned or vague objectives and procedures 
are acceptable and the IEC cannot and should not be 
expected to give carte blanche. Therefore, the basis for 
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at the time of infrequent acute attacks is acceptable, 
in principle. Obviously, individuals will not be able 
to participate if suffering from an acute attack or if 
they have taken medication within a period defi ned 
in the protocol. 

 Even with this somewhat stricter defi nition, there 
is room for discretion. A sportsman who takes an 
occasional puff of a bronchodilator for exercise -
 induced asthma but is otherwise asymptomatic may 
be considered eligible by some. Individuals who have 
undergone surgery for a congenital condition and are 
in excellent health may or may not be suitable. The 
decision to include a subject with a  ‘ normal variant ’  
electrocardiogram (ECG) can sometimes be diffi cult 
and may merit an expert opinion. An asymptomatic 
patient with a hip prosthesis who is taking no medi-
cation may be acceptable whereas an equally healthy 
individual with a prosthetic heart valve should be 
excluded from a study involving a cannula because of 
the risk, however remote, of endocarditis. Clearly, 
whatever defi nition of a healthy volunteer is used, 
sensible clinical judgement is still required. 

 The use of healthy volunteers has revealed fi ndings 
that are generally thought to be pathological but in 
fact are not associated with any adverse prognosis. 
For example, short runs of non - sustained ventricular 
tachycardia were found in 2% of healthy individuals 
with normal hearts on 24 - h ambulatory ECG moni-
toring  [12] . Microscopic haematuria is also a common 
fi nding. Epileptiform activity on electroencephalog-
raphy (EEG) is found in subjects with no history of 
epilepsy. In addition, laboratory values will frequently 
fall outside the  ‘ normal ’  range for the laboratory, 
simply on the grounds of statistical probability 
which is dependent on the criteria used to defi ne the 
normal range. 

 Although not of direct relevance to screening, it 
should also be recognised that some of the proce-
dures to which a volunteer may be subjected can 
affect test results. Perhaps the most important 
example of such fi ndings is the rise in transaminases 
that occurs in some subjects resident in a clinical 
pharmacology unit for a week or more, possibly 
because of dietary factors. The importance of a 
placebo group to help distinguish between effects 
resulting from active drug and procedural - related 
abnormalities cannot be over - emphasised. 

 Healthy volunteers can be of either sex, although 
early studies are mostly confi ned to men because 
results of reproductive toxicity are generally not avail-
able at the time. Companies are not usually prepared 
to incur the cost of a reproductive toxicology package 

and tables for assessors to reach their own conclu-
sions about the potential toxicity of the IMP and the 
safety of its use in the proposed study. The IMPD 
should include a section in which the data are inte-
grated to provide an assessment of overall risk. Poten-
tial hazards should be identifi ed and the safety 
margins based on the preclinical information and 
estimated exposure in humans over the proposed 
dose range should be presented with measures that 
will be taken to monitor safety. 

 The suggested headings and arrangement of the 
document can be found in  The Rules Governing 
Medicinal Products in the European Union Volume 2, 
Notice to Applicants Volume 2B , which can be accessed 
at the Commission website ( http://ec.europa.eu/
health/documents/eudralex/vol - 2/index_en.htm ). 
Information is also available at the European Medi-
cines Agency ’ s website ( www.ema.europa.eu ).   

Studies in healthy volunteers 

What is a healthy ( non-patient) volunteer?
 In a report of the Royal College of Physicians on 
studies in healthy volunteers  [10] , a healthy volunteer 
is described as  ‘ an individual who is not known to 
suffer any signifi cant illness relevant to the proposed 
study, who should be within the ordinary range of 
body measurements such as weight, and whose 
mental state is such that he is able to understand and 
give valid consent to the study ’ . In the Association of 
the British Pharmaceutical Industry (ABPI) guide-
lines for medical experiments in non - patient human 
volunteers  [11] , it is stressed that the individual 
cannot be expected to derive therapeutic benefi t from 
the proposed study. While these descriptions are 
correct, I would suggest that words such as  ‘ relevant 
to the proposed study ’  are too ambiguous and the 
defi nition should state unequivocally that a healthy 
volunteer must indeed be in good health. Perhaps a 
more satisfactory defi nition of a healthy or  ‘ non -
 patient ’  volunteer (the word  ‘ human ’  is superfl uous) 
is as follows:  ‘ An individual who is in good general 
health, not having any mental or physical disorder 
requiring regular or frequent medication and who is 
able to give valid informed consent to participation 
in a study. ’  Thus, a healthy young man taking an 
antibiotic for acne does not qualify but a woman 
taking an oral contraceptive does (unless specifi cally 
excluded by the protocol). Similarly, a migraine or 
hayfever sufferer who takes daily prophylactic medi-
cation is excluded but one who takes medication only 
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 Less well established is the appropriate population 
for study of biologicals such as monoclonal antibod-
ies, growth factors and interleukins. These may target 
the immune system, exhibit agonist activity on targets 
within a biological amplifi cation cascade, result in 
activation of signalling pathways and affect multiple 
systems. Ethics committees and regulatory authori-
ties as well as physicians may hold different views 
about the most appropriate choice of population for 
a particular NBE. While recognising that many mon-
oclonal antibodies have proven to be innocuous, 
my own view is conservative and to consider admin-
istration to healthy volunteers only for vaccines. The 
half - life of immunoglobulins is 2 – 3 weeks, which 
implies that exposure will continue for at least 8 – 10 
weeks after a single dose. Furthermore, many of these 
agents will change the immune system in both pre-
dicted and unpredicted ways in the long term. This is 
in marked contradistinction to small molecules, 
which are generally present to exert their effects for 
a few hours or days at most. An important addi -
tional consideration for many biologicals that target 
specifi c cell populations expressing a particular 
epitope, is that more information of relevance to effi -
cacy and pharmacokinetics, characterised by target -
 mediated disposition, may be obtained in the patient 
population. 

 On the other hand, physicians responsible for 
patient care are, rightly, conservative about exposing 
their patients to unknown risks. Thus, asthmatics, 
who have hyperactive airways, are far more likely to 
develop serious impairment of respiratory function 
because of bronchoconstriction from an inhaled 
material, drug or vehicle than are healthy volunteers. 
An elderly patient with an acute stroke is far more 
susceptible to the sedative effects of an NME than 
is a young healthy subject. Furthermore, the appro-
priate dose range to be studied can frequently be 
established in healthy subjects using biomarkers 
( ‘ Pharmacodynamics ’ , see later ) so that exposure of 
patients to excessively high (or low) doses can be 
avoided. 

 With regard to scientifi c value, results of studies in 
patients are frequently confounded by the effects of 
disease, concomitant medication, age and other vari-
ables. By contrast, healthy subjects are more homo-
geneous and subjects are studied under standardised 
conditions. It is sometimes argued that healthy vol-
unteers are not representative of the patient popula-
tion and therefore that the studies are of less relevance. 
This argument fails to take the study objectives into 
account; some questions about a drug are much more 

before there is some confi dence that the compound 
is a reasonable candidate for development. In the 
absence of such data, medicolegal and ethical consid-
erations relating to the risk of causing embryo - fetal 
damage have deterred companies from including 
women in FIH studies. Men are also frequently 
favoured for later studies because of concerns over 
the inability to detect very early pregnancy and the 
possibility that the menstrual cycle or oral contracep-
tives may affect drug metabolism. Concerns that 
the results from studies conducted mainly in men 
may not be representative of both sexes are rarely 
justifi ed because, unlike in the rat, there are few 
important sex - related differences in drug metabolism 
in humans. 

 For legal reasons, the lower age limit for volunteers 
is generally 18 years. The fi rst studies with a new 
candidate drug are usually conducted in young 
healthy male volunteers with an upper age limit of 
35 – 40 years. The lower age limit for the elderly is 
usually 65 years but when specifi cally addressing tol-
erability, pharmacokinetics and pharmacodynamics 
in the elderly, a representative population should cer-
tainly include many subjects in their seventies and 
eighties  [13] .  

Healthy volunteers or  patients?
 The ED plan will enumerate which studies are to be 
performed in healthy volunteers and which in 
patients. While the fi rst studies in healthy volunteers 
progress, the information generated needs to be con-
stantly evaluated and the decision to proceed to 
patients should be driven by the data and how well the 
studies have actually achieved their objectives. The 
fi rst consideration, as always, will be safety. Informa-
tion that can be obtained more safely in healthy sub-
jects, which may subsequently reduce risk to patients, 
should prompt a debate on whether it is wise to 
progress according to plan or whether an additional 
study should be performed in healthy subjects. 

 The decision to use healthy volunteers, a particular 
patient population or a combination of the two 
should be based on ethical, safety, scientifi c and prac-
tical grounds. While risk must be minimised for all 
studies in humans, there is clearly a difference in the 
ratio between benefi t and risk for a healthy volunteer 
and a patient who has severe, perhaps life - threatening, 
disease. Therefore, it has long been accepted that 
some drugs are too toxic or produce effects that 
would be unacceptable in healthy volunteers. These 
include cytotoxic agents, neuromuscular blocking 
drugs and anaesthetics. 



Exploratory development 93

Facilities and  staff
 The minimum standards for the facilities in which 
clinical pharmacology studies should be conducted 
are described in the ABPI guidelines  [11] . Clearly, the 
same standards should apply to all organisations 
involved in conducting studies. In the UK, the Medi-
cines and Healthcare products Regulatory Agency 
(MHRA) carries out inspections of facilities and a 
system of accreditation of Phase I CROs has been in 
place since 2007. 

 Provision of adequate competent medical staff is 
essential for the safe and ethical conduct of studies in 
humans. In the UK, along with the accreditation of 
facilities, the MHRA takes into account whether a 
physician working in a Phase I Unit is adequately 
qualifi ed to serve as a principal investigator for FIH 
studies. In addition to adequate and relevant clinical 
experience, the main qualifi cation is the Diploma in 
Human Pharmacology of the Faculty of Pharmaceu-
tical Medicine, which involves production of a port-
folio of work experience as an investigator under 
supervision, satisfactory completion of specifi ed 
training courses and examinations. Decisions about 
dose - selection and optimum study design based on 
information gleaned from an IB, whether a volunteer 
fulfi ls the entry criteria or should be withdrawn from 
a study, how to respond to, or ideally prevent, an 
unexpected adverse event and when to discontinue a 
study can prove challenging to the most experienced 
physician. 

 Research nurses need many organisational and 
technical skills over and above those that they 
acquired during their basic clinical nursing training. 
Scientifi c staff must be competent in the techniques 
that will provide the essential data. All must be prop-
erly briefed about what will be required of them 
during the course of a study, and must be fully famil-
iar with local standard operating procedures (SOPs) 
and working in compliance with Good Clinical Prac-
tice (GCP). 

 Non - clinical as well as clinical staff involved in 
conducting studies in humans should be trained in 
basic life support with regular updates, preferably 
every 6 months, and medical staff should be qualifi ed 
in advanced life support. Training records should be 
kept for each member of staff and practice emergency 
call sessions should be run frequently. Staff develop-
ment is a subject beyond the scope of this text but it 
is worth emphasising the value of offering training 
for clinical research nurses in the medical and scien-
tifi c aspects of their work, as well as expecting them 
to learn on the job under supervision. Motivation and 

easily answered by deliberately excluding sources of 
variation. 

 In addition to the scientifi c benefi t to be gained 
from studies in healthy volunteers, there are a number 
of practical advantages.
    •      Healthy volunteers can generally be recruited much 
more rapidly than patients.  
   •      Healthy volunteers are generally willing and able to 
make themselves available on scheduled study days so 
that groups of subjects can be studied together, 
thereby expediting the study and enabling effi cient 
use of staff and laboratories.  
   •      Human pharmacology studies are frequently very 
intensive, with a tight schedule of complex measure-
ments, often requiring training and a high degree of 
cooperation from subjects. Young healthy volunteers 
are more suited to this type of study than most 
patients.    

 In summary, studies in healthy volunteers are an 
integral part of the development of most drugs 
because they are capable of rapidly providing a large 
amount of data that are not confounded by other 
variables and that can thereby expedite the subse-
quent evaluation of the drug in patients. However, the 
choice of population should be considered carefully 
for every NME on a case - by - case basis and the 
absence of benefi t to a healthy subject and the pos-
sibility of long - term risk to the well - being of healthy 
individuals will often mean that studies in patients 
are more appropriate.  

Source of  healthy volunteers 
 The majority of healthy volunteer studies are con-
ducted by contract research organisations (CROs), 
which recruit subjects from the general public by 
advertising and word of mouth. The composition of 
the volunteer database depends to some extent on the 
location, some comprising mainly students or the 
local residential population, others, particularly in 
large cities, having a preponderance of backpackers 
and temporary workers. The source of volunteers 
does have implications for safety, motivation and 
withdrawal rates. The more itinerant volunteers may 
not be available for follow - up and little may be 
known about their medical background. While the 
 ‘ professional volunteer ’  is wholly inappropriate, 
volunteers who understand what is involved and are 
well motivated and who have long - term medical 
records are highly desirable. For more details of 
volunteer recruitment see  ‘ Volunteer recruitment 
procedures ’ .  
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consent and medical screening to follow immediately 
after an information session. 

 If volunteers are required to give specimens for 
genotyping for drug metabolising enzymes or for 
proteins that might be involved in pharmacodynamic 
responses, a separate consent form should be pro-
vided for this purpose. If it is intended that a DNA 
sample be stored for future analysis, consent should 
be requested and it should be made clear that all data 
will be held in a format that will make it impossible 
to link the data to an identifi able individual. Subjects 
should be free to refuse or withdraw consent inde-
pendent of their consent to participation in the study. 
In the event of a withdrawal, any samples taken 
should be destroyed. 

 The size of the honorarium should refl ect the 
amount of inconvenience that the study causes to the 
participant, and not the perceived risk. It is best 
decided by relatively disinterested parties, such as a 
medical director in consultation with a senior 
research nurse. The sum must be submitted for IEC 
approval with the protocol and is non - negotiable. 

performance will be greatly enhanced by staff who 
understand something of the science behind the 
compound being tested and the medical as well as 
commercial rationale for its development.  

Volunteer  recruitment procedures 
 Procedures for recruitment of volunteers vary slightly 
between organisations conducting healthy volunteer 
studies, but the checklist of procedures provided in 
Box  4.7  is generic.   

 Detailed written information, which generally con-
stitutes part of the consent form, should not be pro-
vided to potential volunteers until ethics committee 
approval has been obtained. A checklist of the items 
that should be covered in the volunteer information 
is given in Box  4.8 . Most importantly, the information 
should be provided in clear non - technical language 
 [14] . A balance must be struck between provision of 
adequate information and an excessively long and 
detailed document, which may provide some legal 
protection for the investigator but is too long and 
complex to be comprehensible to the average lay 
person.   

 A copy of the study schedule and an oral explana-
tion should complement the written information. 
Volunteers should be given every opportunity to ask 
questions and to obtain additional information. They 
should be encouraged to contact the study physician 
about any symptoms, however trivial, that occur 
between study occasions, particularly if they wish to 
take medication, such as analgesics, decongestants or 
antihistamines. A cooling - off period of at least 24   h 
should be allowed after provision of information to 
allow the volunteer to consider and have the oppor-
tunity for discussion with their partner, family or 
friends. Therefore, it may be inappropriate for 

BOX 4.7    Volunteer  r ecruitment  p rocedures 

        •      Provide brief information about study to potential 

volunteers  

   •      Arrange to meet potential volunteers  

   •      At meeting, provide written and oral information  

   •      Check volunteer ’ s understanding, giving ample 

opportunity for questions  

   •      Check volunteer ’ s interest in volunteering  

   •      Allow at least 24   h for volunteer to consider  

   •      Obtain witnessed written consent  

   •      Obtain consent to write to his or her doctor  

   •      Medical screen  

   •      Check that the volunteer fulfi ls all entry criteria; 

review screening tests     

BOX 4.8   Information for  v olunteers 

        •      The rationale and objectives of the study, with some 

background information  

   •      Information about the drug in animals and humans, 

including possible adverse effects  

   •      Dosages to be employed, comparison with dosage in 

animals and previous exposure in humans, route of 

administration  

   •      If appropriate, information about comparator drugs 

that may be used, including possible adverse effects  

   •      What will be required of the volunteer (e.g. number 

of study days and nights, insertion of cannulae, 

urine collections, follow - up blood samples)  

   •      Possible adverse effects of procedures  

   •      Restrictions of, for example, food, caffeine, alcohol, 

smoking, driving or operating machinery, 

contraception  

   •      Requirements for medical screening, including urine 

tests for pregnancy and drugs of abuse  

   •      Arrangements for transport  

   •      The right to withdraw at any time without prejudice  

   •      The right to obtain more information  

   •      Confi dentiality of records, with access limited to 

study personnel and auditors  

   •      The right to no - fault compensation  

   •      Approval of the protocol by an ethics committee  

   •      The honorarium that will be paid  

   •      How to contact the physician or nurse out of hours     



Exploratory development 95

Good Clinical Practice 
 The requirements of GCP, as described in the ICH 
guidelines  [9] , are presented in Chapter  8  and will not 
be discussed further here. However, it is emphasised 
that the standards required of large clinical trials in 
patients apply equally to small clinical pharmacologi-
cal studies in healthy subjects. Studies should be 
conducted in accordance with SOPS. Many SOPs 
will resemble those pertaining to later phase clinical 
trials, but some will be specifi c to healthy volunteer 
studies. Details of procedures not covered by SOPs 
should be specifi ed in the protocol. Studies must be 
monitored by the sponsor or a representative; the 
monitor should not be one of the investigators so 
that monitoring visits and assessments can maintain 
objectivity.  

Adverse  reactions in volunteer studies
 There are no accurate data that provide a comprehen-
sive picture of the extent of healthy volunteer studies 
and hence of the incidence of adverse reactions. 
However, surveys and clinical series have been pub-
lished from time to time. In 1984, the ABPI requested 
information from its member companies on their 
activities in this area  [17] . Of the 43 companies that 
responded, 28 conducted in - house studies and all but 
two commissioned external work. In the in - house 
studies, there were 18,671 subject exposures to drugs. 
There were no deaths or life - threatening suspected 
reactions. The incidence of serious suspected reac-
tions that might have been attributable to drug was 
0.27 per 1000 subject exposures. Of the 8733 subject 
exposures in external studies, there was one death on 
which the inquest reported an open verdict and no 
life - threatening suspected reactions. The incidence of 
suspected serious reactions was 0.91 per 1000 subject 
exposures. 

 In another survey conducted by the clinical section 
of the British Pharmacological Society over a 1 - year 
period from 1986 to 1987, 8163 healthy volunteers 
received drugs for research purposes  [18] . Potentially 
life - threatening adverse effects were reported in 
0.04% and moderately severe adverse effects in 
0.55%, with no lasting sequelae. The three severe 
reactions were skin irritation and rash requiring hos-
pitalisation, anaphylactic shock after an oral vaccine 
and perforation of a duodenal ulcer after multiple -
 dose non - steroidal anti - infl ammatory drug; all made 
a complete recovery. The results were similar to those 
reported in the earlier ABPI survey and the authors 
concluded that the risk involved in these studies is 
very small and that most of the moderately severe 

 The chance of a mishap occurring in a volunteer 
study is increased when little or nothing is known 
about the subject. It should be a precondition of ac-
ceptance of a volunteer into a study that he or she is 
registered with a general practitioner (GP) and that 
permission is given to contact the GP to inform them 
of the study and to seek confi rmation that their 
patient is suitable to participate  [15] . The informa-
tion that can be obtained can help to ensure that the 
volunteer is in good health; therefore every attempt 
should be made to contact GPs including those of 
volunteers living abroad. Although communication 
about a patient between physicians is always confi -
dential, a GP may recommend that their patient does 
not participate without giving a specifi c reason; there 
is no obligation to do so and their opinion should be 
respected. 

 Another concern is that a volunteer may fail to 
disclose that they have recently participated in 
another trial or may even be currently doing so. To 
deal with this problem, efforts have been made on a 
voluntary basis to establish national databases that 
can cross - check volunteer participation. Of course, 
the value of such databases is dependent on the 
number of CROs, academic units and pharmaceutical 
companies who participate. In the UK, the TOPS 
(The Overvolunteering Prevention System) database 
is now well established. It is of proven benefi t in pre-
venting accidental or deliberate over - volunteering 
 [16] . Similar arrangements are in place in some other 
European countries. 

 A list of procedures comprising a medical screen is 
given in Box  4.9 . Particular studies may require addi-
tional procedures, such as lung function tests, coagu-
lation studies, exercise or 24 - h ECG, or a psychiatric 
interview.    

BOX 4.9   Medical  s creens 

        •      Medical history  

   •      Physical examination  

   •      ECG, with report on intervals as well as rhythm and 

morphology  

   •      Full blood count and plasma biochemistry  

   •      Immunology for hepatitis B and C and HIV  

   •      Urinalysis  

   •      Screen for drugs of abuse  

   •      Pregnancy tests for women of reproductive potential  

   •      Other tests as appropriate (e.g. tests of coagulation, 

respiratory function, cognition)     
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committees should ensure that arrangements for 
such  ‘ no - fault ’  compensation are in place. Regarding 
personal insurance, companies will not normally 
exclude cover for accidents occurring as the result of 
research, but volunteers are advised to seek clarifi ca-
tion on this from their insurers, particularly when 
taking out a new policy.   

Objectives of fi rst -in-human studies

 The fi rst and subsequent studies of an NME in 
humans should aim to obtain dose – concentration –
 response relationships for desired and undesired 
effects. These objectives may be summarised as 
follows. To investigate over a range of doses:
    •      tolerability and safety;  
   •      pharmacokinetics; and  
   •      pharmacodynamic activity.    

Tolerability and  safety
 The word  ‘ tolerability ’  is perhaps a little clumsy but 
it describes accurately what is assessed, namely how 
well the drug is tolerated by those to whom it is 
administered. This last qualifi cation is necessary 
because there are many instances in which a drug is 
better tolerated or less well tolerated by young healthy 
volunteers than by patients. For example, anxiolytics 
and fi rst generation antidepressants are usually far 
better tolerated by patients with depression than 
by healthy volunteers. However, healthy volunteer 
studies generally provide useful information about 
tolerability even if it may underestimate the dose at 
which central effects will become evident in patients. 
Many adverse reactions will be directly related to the 
known pharmacological activity of the drug and are 
therefore predictable. 

 The investigation of tolerability must cover a 
number of doses thought to be in the range required 
for therapeutic benefi t. The relevance of these data 
can only be interpreted when they are related to 
plasma concentrations and, if appropriate, measure-
ments of pharmacodynamic activity. Adverse reac-
tions occurring at 10 times the therapeutic dose may 
not pose a problem; conversely, the absence of adverse 
reactions at one - tenth the therapeutic dose is of little 
relevance and, if misinterpreted, may give unfounded 
confi dence. This may seem obvious but has impor-
tant implications for study design which are fre-
quently ignored (see  ‘ Design of the fi rst - in - human 
study ’ ). 

reactions are of the predictable kind, generally being 
attributable to the known pharmacological activity of 
the drug. 

 In a much larger survey of 93,399 subjects partici-
pating in non - therapeutic research in the USA  [19] , 
37 subjects were reported to be temporarily disabled 
and one to be permanently disabled. The latter was 
from a stroke occurring 3 days after investigation, but 
its attributability is unknown. 

 In a report of two 5 - year periods in a single centre 
in France, the incidence of adverse events in 1015 
healthy volunteers was 13.7% in subjects receiving 
active drug and 7.9% in those receiving placebo 
 [20] . Headache, diarrhoea and dyspepsia occurred in 
more than 10 per 1000. Three per cent of adverse 
events were rated severe but there were no deaths or 
life - threatening events. Some events, such as vasova-
gal attacks, were related to procedures rather than 
treatment. 

 Thus, over a period of several decades involving the 
administration of thousands of NMEs to humans, the 
incidence of serious adverse events in such studies 
was very low. However, in March 2006, a study con-
ducted in the UK involving the fi rst administration 
to humans of a novel recombinant humanised mono-
clonal antibody resulted in a  ‘ cytokine storm ’  in all six 
volunteers who received the fi rst dose of the drug. 
The immediate effects and the subsequent multior-
gan failure were life - threatening in two subjects and 
were very serious in the remaining four. Fortunately, 
the study unit was within a hospital and the volun-
teers were transferred to the intensive care unit. All 
the volunteers survived although not without perma-
nent injury in at least one case. There are a number 
of lessons to be learned from this disastrous event, 
some of which are discussed in  ‘ Higher risk new 
molecular entities ’  (see later). At this point, it will 
suffi ce to point out that although the probability 
of a life - threatening adverse reaction in volunteers 
is historically very small indeed, the risk is ever -
 present and everything possible must be done to 
minimise it.  

Insurance and  compensation
 These topics are covered in the ABPl guidelines  [11] . 
Essentially, the company must undertake to pay com-
pensation to any volunteer who has suffered bodily 
injury as the result of participating in a study, without 
proof of negligence or evidence that a test drug or 
procedure failed to fulfi l a reasonable expectation of 
safety. This contractual agreement should be stated 
in the consent form that the volunteer signs. Ethics 
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dose, this could be the result of a change in bioavail-
ability, clearance or both.   

 In addition to the pharmacokinetics of a drug, 
the FIH study can provide important information 
about its metabolites. If assay methodology has been 
developed, metabolites in plasma can be detected 
and the AUC and half - lives determined. Further 
information can be obtained from assaying urine for 
drug and metabolites. Renal clearance can be calcu-
lated over time intervals and the ratio of renal   :   
systemic clearance calculated so that the relative 
importance of renal and metabolic clearance can 
be assessed. The relative proportions of parent 
compound and identifi able metabolites will give 
an important, albeit incomplete, picture of how 
the drug is excreted in urine. The total amount of 
parent compound and metabolites measured in urine 
will give a minimum value for bioavailability of the 
drug. Early administration by both intravenous
and oral routes can be extremely useful to ascer -
tain the bioavailability and, if low, whether this is 
because of poor absorption or extensive fi rst - pass 
metabolism. 

 It is a great mistake to think that the information 
obtained from such a study is mainly the concern 
of pharmacokineticists. The data are essential for 
making rational decisions about the future develop-
ment of a compound. At the simplest level, a half - life 
that is so short that the drug would have to be admin-
istered fi ve or six times a day in order to maintain 
therapeutic benefi t may be a good enough reason to 
discontinue development. A drug that has to be 
administered in very large doses to achieve adequate 
plasma concentrations, or fails to reach them at all 
because of poor absorption, is obviously unattractive. 
Large variability in bioavailability because of incon-
sistent absorption or extensive fi rst - pass metabolism 
might constitute another reason for stopping devel-
opment, particularly for a drug predicted to have a 
low therapeutic index. Saturation of clearance mech-
anisms which, at the very least, will make dosing com-
plicated, could result in unacceptable toxicity. The 
presence of a large number of metabolites may 
be undesirable, particularly if not all of them were 
present in the animal species used for toxicology so 
that additional toxicity studies might be required to 
support further work in humans. The presence of a 
major metabolite with pharmacological activity and 
a half - life much longer than the parent drug may be 
a useful way of extending the duration of action but 
its predicted accumulation on repeat dosing may 
pose a serious safety concern. 

  ‘ Tolerability ’  should not be confused with the term 
 ‘ tolerance ’ , which describes the diminution in effects 
of a drug on prolonged exposure. Tolerance may be 
caused by increased clearance because of autoinduc-
tion of enzymes responsible for the drug ’ s metabo-
lism, such as occurs with some anti - epileptic drugs 
(e.g. carbamazepine). Tolerance may also result from 
altered pharmacodynamics, which is common with 
drugs acting on the CNS. 

  ‘ Tolerability ’  should also be distinguished from 
 ‘ safety ’ . A drug that causes mild sedation may be safe 
except to individuals undertaking certain activities 
that are affected adversely by sedation such as driving 
a car. On the other hand, a drug may be tolerated well 
in the short to medium term but may cause elevation 
of liver transaminases as a result of hepatotoxicity. 
Similarly, a drug may be tolerated extremely well 
by healthy volunteers and by the vast majority of 
patients but may cause prolongation of the ECG QT 
interval, which poses a signifi cant risk of cardiac 
arrhythmias in susceptible patients. A preliminary 
assessment of safety may be obtained in exploratory 
repeat - dose studies in healthy volunteers and patients 
but it should be recognised that the chances of detect-
ing an uncommon serious adverse event are remote 
because of the relatively small number of subjects 
exposed.  

Pharmacokinetics
 An explanation of the underlying concepts of 
pharmacokinetics is to be found in Chapter  5 . The 
pharmacokinetic information that can be obtained 
from the FIH study is dependent on the route of 
administration. When a drug is given intravenously, 
its bioavailability is 100%, and the true values of 
pharmacokinetic parameters clearance and apparent 
volume of distribution can be obtained in addition 
to the plasma elimination half - life. Over a range of 
doses it can be established whether exposure, meas-
ured as the AUC, increases in proportion to the dose 
and hence whether the kinetic parameters are inde-
pendent of dose (Figure  4.1 ). When a drug is admin-
istered orally, the half - life can still be determined, 
but the values obtained for apparent volume of dis-
tribution and clearance will usually differ from those 
after intravenous dosing, partly because they will 
be uncorrected for bioavailability, which is usually 
unknown. However, if the maximum concentration 
(Cmax ) and AUC increase proportionately with dose, 
and the half - life is constant, it can usually be assumed 
that clearance is independent of dose. If, on the other 
hand, the AUC does not increase in proportion to the 
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Figure 4.1      Plasma concentration profi les 

after doubling doses showing: 

(a) proportional increase with dose; 

(b) less than proportional increase with 

dose; (c) greater than proportional increase 

with dose.  
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be readily adjusted to meet the needs of the individual 
patient (e.g. oral morphine for chronic pain). The 
presence of multiple metabolites does not necessarily 
contraindicate proceeding; many useful lipophilic 
drugs undergo extensive metabolism. A persistent 
active metabolite may actually convert a drug that 
would have been unattractive into a very useful one; 
that, after all, is the principle of prodrugs. The point 
is that rational decisions can only be made if the 
information is actively sought and then matched 
against the desired profi le. 

 Pharmacokinetics may also form the basis of a 
decision on the choice of compound from a series for 
development. It is not uncommon for a company to 
take three or four compounds of a series as far as the 
FIH study and to choose for development the com-
pound that is most attractive from the pharmacoki-
netic point of view. Similarly, the development of 
achiral compounds rather than racemic mixtures is 
generally preferred and it may be necessary to estab-
lish whether stereoselective metabolism occurs in 
humans and, if so, which enantiomer has the more 
desirable profi le. 

 With the advent of extremely sensitive bioanalyti-
cal techniques such as accelerator mass spectrometry, 
it is now possible to make such selections of candidate 
compounds based on microdosing at a very early 
stage of evaluation. Evidence of drug distribution to 
target tissues (e.g. in the skin) may also be achieved 
by such sensitive assays or, by positron emission tom-
ography (PET) scanning of the brain, and support 
further development or rejection of a particular com-
pound. Such studies generally require a considerably 
smaller toxicology package than is usually needed for 
classic phase I studies but it should be noted that 
there is no general agreement about what constitutes 
a microdose. The US Food and Drug Administration 
(FDA) suggestion of 100    μ g  [6]  is without foundation 
as it takes no account of potency. 

 From the pharmacokinetics of single doses it is 
possible to simulate the expected accumulation and 
concentrations on reaching steady state that will 
occur on repeat dosing. However, it cannot be 
assumed that these predictions will hold, and repeat -
 dosing studies in ED should generally include a com-
parison of pharmacokinetic profi les after the fi rst 
dose and then at steady state. An increase in clearance 
because of autoinduction will result in lower  Cmax  and 
AUC and a shorter half - life than predicted. However, 
this may only become apparent after dosing for 10 – 14 
days. Conversely, saturation of metabolic enzymes 
at steady state may result in higher than predicted 

 At the end of the FIH study, the pharmacokinetic 
profi le should be compared with that desired for 
the compound. If reality compares unfavourably with 
the ideal, the unpleasant decision to discontinue 
development may have to be taken. Even if single -
 dose pharmacokinetics are acceptable, a further 
assessment will need to be made after repeat - dose 
administration of the drug, because this may reveal 
plasma concentrations that do not match the predic-
tions from single doses. For example, saturation of 
elimination resulting in higher than predicted steady -
 state concentrations, with associated toxicity, may 
make dosing too diffi cult for practical purposes. Con-
versely, autoinduction of metabolic enzymes, with 
resultant increased clearance, may occur, making it 
necessary to increase the dose over a period of weeks 
and also rendering the drug susceptible to interac-
tions with other drugs. Another consideration may be 
the accumulation of a metabolite that has a much 
longer half - life than that of the parent compound 
and which was perhaps undetectable after single 
doses. Some common reasons for stopping develop-
ment on the basis of pharmacokinetic data are given 
in Box  4.10 .   

 However, none of the reasons given for stopping 
development is applicable to all drugs. Thus, a short 
plasma half - life may be perfectly acceptable when the 
effect of the drug persists long after the drug has gone 
(e.g. the effect of aspirin on platelet cyclo - oxygenase) 
or when only brief exposure is needed to obtain 
therapeutic benefi t (e.g. penicillin for pneumococcal 
pneumonia). Saturation of metabolism at high doses 
may be irrelevant if much lower doses are required 
for therapeutic benefi t. Low bioavailability may not 
constitute a problem if the therapeutic index is high 
(e.g. propranolol for hypertension) or the dosage can 

BOX 4.10   Pharmacokinetics  t hat  m ay  l ead to 

 s topping  d evelopment 

        •      Half - life too short or too long  

   •      Poor bioavailability  

   •      Highly variable (often associated with poor) 

bioavailability with low therapeutic index  

   •      Saturable clearance mechanisms producing 

non - linear kinetics  

   •      Greatly increased clearance on repeat dosing because 

of autoinduction  

   •      Multiple metabolites not covered by toxicity studies  

   •      Active metabolite with half - life much longer than 

parent drug     
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 Some of the most exciting advances in biomarker 
development are in the area of imaging. Here, we 
are not referring to the important contribution 
imaging makes to assessment of effi cacy in late - phase 
clinical trials. The contribution that ultrasound 
scanning, PET, single positron emission computed 
tomography and magnetic resonance imaging can 
make to decision - making early in clinical develop-
ment is becoming increasingly recognised. For 
example, measurement of receptor occupancy using 
specifi c PET ligands to visualise cerebral receptors 
and (e.g. opioid, 5 - HT 1A , 5 - HT 2 , dopamine D 2 , mus-
carinic, nicotinic MAO B ) can frequently provide a 
rapid and relatively simple means of selecting one or 
more doses for inclusion in clinical trials. This is of 
enormous value for trials of treatment of diseases in 
which group sizes can be extremely large, such as 
stroke and dementia. It also can set an upper limit to 
the dose of a drug, above which no additional effi cacy 
is likely and adverse effects are more likely. 

 The limitations of the use of biomarkers in healthy 
volunteers must be recognised. For example, although 
there have been attempts to simulate migraine head-
ache in volunteers, to date none of these models can 
be considered adequate to serve as a surrogate end-
point. Patients with migraine are not diffi cult to 
recruit and are usually healthy apart from their 
migraine. In this case, it may be more appropriate to 
establish tolerability and pharmacokinetics in healthy 
volunteers and then to select a maximum well -
 tolerated dose with which to perform a small PoC 
clinical trial in patients. This will need to be followed 
by larger trials to establish the dose – response 
relationship. 

 The value of biomarkers to establish the dose –
 response and concentration – response curves at the 
earliest stage of drug development cannot be over -
 estimated. However, it should be recognised that the 
utility of any biomarker depends at least in part on 
the expertise of the experimentalists. Long before the 
study takes place a decision will need to be made 
about where the study will be placed and who 
precisely will perform the measurements. Whether 
assaying the concentrations of a hormone, perform-
ing respiratory function tests or measuring receptor 
occupancy with a PET ligand, adequate time must 
be allowed to assess the quality of data produced by 
a potential investigator or laboratory, whether in -
 house or in collaboration with an academic centre 
or CRO. Choice of an investigator must also take 
into account logistic concerns, such as availability 
of suitable subjects, capability of staff and access to 

plasma drug concentrations. Accumulation of me -
tabolites that were only present in low, perhaps 
undetectable, concentrations after single doses may 
be observed after repeat dosing.  

Pharmacodynamics
 The third major objective of ED studies in humans is 
to evaluate pharmacodynamic effects that may serve 
as biomarkers. A  ‘ biomarker ’  is a characteristic that is 
objectively measured and evaluated as an indicator of 
a normal physiological process, pathogenic process or 
pharmacological response to a therapeutic interven-
tion. Biomarkers may be mechanistic (e.g. increased 
expression of a protein, phosphorylation of an 
enzyme, occupation of a receptor) or they may be 
functional (e.g. cardiac output, forced expiratory 
volume, cognitive performance). They may be meas-
ures of effi cacy (e.g. blood pressure, cholesterol, CD4 
counts) or of toxicity (e.g. liver function tests, pro-
teinuria, QT c ). 

 When a biomarker is not merely a measure of 
pharmacodynamic effect but is intended to substitute 
for a clinical endpoint, it is called a  ‘ surrogate end-
point ’ . The implication is that extensive study of the 
biomarker has generated suffi cient confi dence that 
linkage to a clinical endpoint has been established. A 
 ‘ clinical endpoint ’  is defi ned as a characteristic or 
variable that measures how a patient feels, functions 
or survives. When the validity of a surrogate endpoint 
is widely accepted, it may very occasionally replace a 
clinical endpoint for registration purposes. Table  4.2  
lists examples of established biomarkers that may be 
employed to assess the pharmacological properties of 
drugs in healthy volunteers.   

 As mentioned in the introduction to this chapter, 
decisions in ED will often depend on the dose –
 response curves for desired and undesired effects, and 
hence predictions about benefi t   :   risk. It may be just 
as important to assess undesired as well as desired 
effects. For example, the decision to develop a new 
histamine H 1  antagonist will depend on assessments 
of the dose – response curves for sedation and effect 
on the QT interval of the ECG, as well as demonstra-
tion of the dose – response for antagonism of weals 
and fl ares to intradermal histamine, or histamine 
bronchial challenge. 

 Whenever possible, investigation of pharmacody-
namics should be combined with pharmacokinetic 
measurements to understand the relationship between 
concentration and effect. Such relationships can be 
handled very simply or with sophisticated pharma-
cokinetic – pharmacodynamic (PK - PD) modelling. 
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 Even if a technique is well established and the 
methodology has been used many times by the 
chosen investigator, it is usually worth including an 
active comparator in such studies. First and foremost, 
this acts as a verum  –  it is a concurrent control that 

particular equipment. All developmental methodol-
ogy work must take place before its application to 
assessment of an NME so that results are suffi ciently 
reliable to provide the basis for decisions about 
the NME. 

Table 4.2    Examples of biomarkers of established utility in healthy volunteers 

   Activity     Biomarker     Drug class/activity  

  Enzyme activity 

ex vivo
  Serum ACE  +  renin, A - I, A - II    Antihypertensives  

  Low density lipoprotein cholesterol    HMG - CoA reductase inhibitors  

  Platelet MAO B     Antiparkinsonian  

  Neutrophil LO or urinary isoprostanes    Anti - infl ammatory LO inhibitors  

  Blood coagulation factor Xa    Anticoagulant  

  Physiological 

response without 

challenge  

  Psychomotor tests, for example, reaction time, tracking tasks, 

saccadic eye movements, body sway, EEG  

  Sedatives  

  Tests of cognition    Cognitive enhancer  

  Spirometry, fl ow – volume loops, plethysmography    Bronchodilators  

  Vasodilatation by venous occlusion plethysmography, laser 

Doppler

  Vasodilators  

  Acid secretion by gastric pH electrode    Gastric antisecretory drugs  

  Gastrointestinal transit time by hydrogen breath test and 

radio - opaque markers  

  Gastrointestinal motility agents  

  Antagonism of 

response to 

challenge  in vivo

or  ex vivo

  Skin wheal and fl are to intradermal histamine    H 1  antagonist  

  Bronchoconstriction to inhaled methacholine      

  Bronchoconstriction to inhaled leukotrienes    Leukotriene antagonist  

  Late asthmatic response to inhaled antigen    Steroids, other anti - infl ammatories  

  Nasal airways resistance and cytology to inhaled antigen    Antiallergics  

  Cytokine, stress hormone and vascular response to 

intravenous endotoxin  

  Immune modulators for shock and 

infl ammation  

  Vasoconstriction to A - II    A - II antagonist  

  Exercise - induced increase in heart rate    Beta - blocker  

  Blood pressure response to tyramine    MAO A  inhibitor  

Ex vivo  platelet aggregation    IIb/IIIa antagonists, NSAIDs  

  Impairment of cognition to scopolamine    Cognitive enhancer  

  Pain response to cold water    Opioid analgesic  

  Gastric acid secretion to pentagastrin    H 2  antagonists, proton pump inhibitors  

  Immune 

response  

  Antibody response    Vaccine  

  T - cell responsiveness    Immunosuppressant  

   ACE, angiotensin - converting enzyme; A - I, A - II, angiotensin I, II; H, histamine; LO, lipoxygenase; MAO, monoamine oxidase; 

NSAID, non - steroidal anti - infl ammatory drug.   
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guidance document is available from the European 
Medicines Agency  [22] .   

 Knowledge of the concentration – response rela-
tionship and the nature of both the pharmacody-
namic responses and toxicity in animals are the only 
sound basis for deciding on the starting dose and 
dosage increments to be used in humans. This infor-
mation needs to be interpreted and applied using 
common sense and caution; unthinking application 
of formulae is not appropriate. A guidance document 
issued by the US FDA bases estimation of a maximum 
safe starting dose on the NOAEL in animal toxicity 
studies and subsequent application of algorithms for 
calculation of human equivalent doses based on body 
surface area  [23] . This approach may be suitable for 
establishing the maximum safe starting dose but this 
is rarely the dose one wishes to use at the start of a 
dose escalation as it takes no account of pharmaco-
logical effects of interest, which may occur at doses 
many orders of magnitude lower than the NOAEL. It 
also ignores plasma concentration data in tests con-
sidered to be of relevance to the putative therapeutic 
range. There can be no certainty in estimation of 
the starting dose because the pharmacokinetics in 
humans are unknown. Nevertheless, prediction from 
allometric scaling and careful application of all 
PK - PD information from animal studies, including 
the steepness of the dose – response curve and the esti-
mated therapeutic window, should all be used to 
justify a starting dose that is predicted to be below 
that which will produce any biological effect. For bio-
logicals, this dose has recently been called the 
minimum anticipated biological effect level (MABEL) 
 [22,24,25]  but the approach should be no different 
for NCEs.  

Magnitude of dose increments 
 It is quite usual to escalate the doses by doubling or 
trebling, which is consistent with the linear relation-
ship between logarithm of the dose and response. 
However, if the slope of the dose – response curve is 
steep, such increments may be excessive, and for some 
drugs the relationship between dose (rather than log 
dose) and response is linear. Sometimes it is preferred 
to start with a very low dose, examine the pharma-
cokinetics and then increase the dose four -  to fi vefold 
if appropriate. Once into the expected therapeutic 
range, increments should not generally be greater 
than doubling. Even when all this has been consid-
ered, the doses scheduled are only tentative and they 
may well need to be modifi ed in the light of the fi rst 
experience in humans.  

verifi es that the technique is capable of producing a 
positive result in that study, thereby avoiding the false 
negative conclusion. In addition, it will provide a 
measure with which the magnitude, duration and 
quality of responses obtained with the NME can be 
compared (i.e. a bioassay). The main exception to the 
use of an active comparator is the FIH study in which 
formal statistical comparisons are rarely appropriate 
and the emphasis is on safety. Aspects of the design 
of the FIH study are now discussed.   

Design of the fi rst -in-human study

 The fi rst study of an NME in humans will inevitably 
involve an escalating - dose design, usually with single 
doses, although in oncology, repeat dosing is often 
more appropriate for ethical reasons. The choice of 
starting dose, increments, range and interval between 
occasions, number of subjects and use of placebo all 
need to be considered. Paramount is the safety of the 
subjects. 

Choice of dose range
 Factors that must be taken into account in selecting 
the dose range to be studied are listed in Box  4.11 . 
Different approaches to selection of the starting dose 
are discussed in a review article  [21]  and an excellent 

BOX 4.11    Factors to  b e  c onsidered in  s electing  d ose 

 r ange for  s tudy in  h umans 

        •      The range of doses and plasma concentrations that 

exhibited pharmacodynamic effects in animals, the 

nature of the effects, and the slope of the dose –

 response curve  

   •      Maximum concentration ( Cmax ) and exposure (AUC) 

in toxicity studies at no observed adverse effect level 

(NOAEL) using the most sensitive species, based on 

the concentrations of drug unbound to plasma 

proteins (for which substantial corrections may be 

necessary if plasma protein binding in one or more 

species is above 95%)  

   •      The nature and severity of toxicity seen in animals 

 –  some fi ndings are of more serious consequence 

than others  

   •      The comparative disposition in different species and 

predicted exposure in humans, with particular 

attention to the presence of active metabolites with 

long half - lives  

   •      The range of doses and number of increments likely 

to be required in humans     
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unblinding and carry - over. However, it is an extremely 
uneconomic use of volunteers involving recruit -
ment of large numbers of potential subjects and 
screening of many more. It also precludes intra -
 individual comparisons of data and tends to lead to 
highly variable data. 

 The alternative approach, which has been widely 
practised in Europe for many years, is to administer 
several doses to an individual on separate occasions, 
which may be called a multiple single - dose design. If 
the number of dose increments is expected to be no 
greater than four, the study can often be conducted 
with a single group of volunteers. If the estimated 
number of dose levels is 6 – 8, two cohorts may be 
dosed consecutively or on alternate occasions. Such a 
design enables the relationship between dose and any 
adverse events to be studied within an individual and 
a set of pharmacokinetic and dynamic data to be 
obtained for each individual over a range of doses. 
Because intra - individual variation is generally much 
less than inter - individual variation; it permits com-
parisons of pharmacokinetic parameters at each 
dose to establish whether the pharmacokinetic 
parameters are independent of dose. With respect to 
pharmacodynamics, it is often possible to plot a 
dose – concentration – response for each individual. 

 If the half - life of a drug or of a metabolite is more 
than about 24   h, the multiple single - dose design with 
alternating cohorts can be used with the fi rst cohort 
receiving dose levels 1, 3 and 5 (or placebo) and the 
second cohort dose levels 2, 4 and 6. This allows indi-
vidual subjects to be dosed with a longer interval 
between doses, say 2 weeks, with dose escalation 
in the alternate cohort on the intervening weeks. 
However, drugs (or metabolites) with very long half -
 lives are best studied using a new cohort of volunteers 
for each dose. 

 Situations may arise when the dose range that has 
to be studied is very wide and the number of incre-
ments required to cover the range is large. It may then 
be advisable to use successive cohorts of volunteers 
so that the fi rst cohort might receive dose levels 1 – 4, 
the second dose levels 4 – 7 and so on. Note that each 
cohort is introduced at the top dose level received by 
the preceding cohort, the overlap being necessary to 
avoid exposure of a naive subject to what might be a 
high dose. Whichever design is preferred, the interval 
between dose escalations should be determined on 
grounds of safety, not convenience or availability of 
subjects. For drugs with half - lives of 2 or 3   h it may 
theoretically be possible to escalate the dose very 
frequently and thereby conclude the study quickly. 

Should we dose to toxicity? 
 The choice of the top dose in a dose - escalating study 
may be diffi cult. The view is often expressed that 
dosing should continue to  ‘ toxicity ’  (i.e. the dose 
should be escalated until intolerable adverse effects 
are experienced by one or more volunteers). Although 
an adequate defi nition is lacking, this suggests that 
the maximum tolerated dose (MTD) will be one 
increment below that toxic dose. There are certainly 
some drugs for which the therapeutic index is 
expected to be low and the putative therapeutic dose 
will be close to that which can just be tolerated. 
However, deliberate production of serious adverse 
events is never acceptable in healthy volunteers and 
usually unacceptable in patients (an exception to the 
latter being haematological toxicity with cytotoxics). 
Therefore, for most ED studies of drugs with a low 
therapeutic index, it is of much greater relevance to 
determine a dose that produces some mild non -
 serious effects. The term  ‘ minimum intolerated dose ’  
(MID)  [26]  has been applied to patients, and although 
the dose may be different, the term can equally be 
applied to healthy subjects. Examples of effects that 
determine the MID may be sedation, fl ushing, head-
ache, loose stools or a small change in heart rate or 
blood pressure. Of no less importance is the dose 
below the MID, which may be defi ned as the 
maximum well - tolerated dose (MWTD). The MWTD 
is frequently used as the top dose in subsequent ED 
dose range fi nding studies in healthy volunteers and 
patients. 

 The  ‘ dosing to toxicity ’  approach was adopted 
because investigators did not take the trouble to 
measure pharmacodynamic effects or even follow 
plasma drug concentrations during the course of a 
study. Many drugs have a reasonably high therapeutic 
index and for these it should be perfectly possible to 
stop the escalation based on a predefi ned pharmaco-
dynamic endpoint, such as maximum inhibition of a 
target enzyme. Similarly, the dose of an NME that is 
devoid of pharmacological effects with a high thera-
peutic index (e.g. many antibiotics) can usually be 
escalated to a particular plasma concentration that is 
in excess of that predicted to be of therapeutic benefi t 
from  in vitro  and perhaps  in vivo  animal studies.  

Number of doses for individual subjects
 A widely practised approach to the dosing of subjects 
participating in an FIH study is to administer a dose 
to individual subjects just once, with a new cohort of 
subjects recruited for each dose level. This has the 
advantage of simplicity with avoidance of drop - outs, 
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able in deciding whether the problem is likely to be 
drug - related.  

Blinding
 As far as possible, the study should be conducted 
under double - blind conditions. Sometimes, pharma-
cological effects  –  desired or undesired  –  tend to 
unblind the study, but even in these circumstances 
the identity of treatment will be unknown to subjects 
and observers at the time of dosing and before 
onset of effects, thereby minimising bias. Specifi ed 
personnel, such as the pharmacist, bioanalyst and 
pharmacokineticist, may need to know the treatment 
allocation code but this should not compromise the 
blinding of all other study personnel.  

Parallel  groups or  crossover 
 If subjects are to receive more than one dose level of 
active drug in the multiple single - dose study design, 
there are a number of ways in which subjects can be 
allocated to active drug (A) or placebo (P) but essen-
tially they fall into two approaches.
1.     Subjects are randomised to receive either A or P 
throughout the study (i.e. parallel groups).  
2.     Subjects are randomised to receive A or P on dif-
ferent occasions in a crossover design.    
 Tables  4.3  and  4.4  show examples of parallel and 
crossover designs, with two alternating cohorts of 
eight subjects randomised to A or P in a dose -
 escalating design involving eight dose levels.   

 The advantages of a parallel group design can be 
summarised as follows:
1.     The design is simple and robust.  
2.     No doses are omitted so the full dose – response 
and linearity of pharmacokinetics can be established 
within individuals.    

However, analytical laboratories can rarely support a 
turnaround time of less than a week and there is a 
limit to how quickly data can be collated and reviewed. 
Failure to obtain, scrutinise and evaluate all the data 
puts volunteers at unnecessary risk (see  ‘ Minimising 
risk ’ ), as does inadequate time for follow - up safety 
assessments of subjects. For drugs or metabolites with 
long half - lives, clinical assessment and blood sam-
pling for pharmacokinetics and clinical pathology 
may have to continue for many days or weeks before 
it is prudent to escalate dose, whether in the same or 
different individuals.  

Use of placebo
 In general, FIH studies should be placebo - controlled. 
In a dose - escalating design, it is obviously not pos-
sible to randomise or balance the order of doses, and 
there may be insuffi cient power to subject pharmaco-
dynamic endpoints to statistical analysis. However, 
the advantages of a placebo group outweigh the dis-
advantages. It is not uncommon for a large number 
of trivial symptoms to be reported by volunteers and 
it may only be possible to interpret the signifi cance 
of these when the incidence in the placebo and 
treated groups is compared. Substantial changes in 
vital signs, such as heart rate and blood pressure, 
occur in the course of a day, and a placebo is invalu-
able in distinguishing drug - induced effects from 
others. Similarly, it is not uncommon for some exter-
nal factor such as an infl uenza epidemic, food 
poisoning or caffeine withdrawal to affect a study. 
Frequently, minor elevation of liver transaminases or 
lymphocytosis occurs as the result of intercurrent 
viral infections. Liver transaminases also tend to rise 
with prolonged periods of incarceration in a study 
unit, probably because of diet, lack of exercise or 
other lifestyle factors. A placebo group can be invalu-

Table 4.3    Parallel - study design with two alternating cohorts of eight subjects and a 6   :   2 randomisation to active drug ( A ) or 

placebo ( P )  –  each subject receives either  A  on four occasions or  P  on four occasions 

   Subject     1     2     3     4     5     6     7     8     9     10     11     12     13     14     15     16  

  Dose 1    P    A    A    A    A    A    P    A                                  

  Dose 2                                    A    P    A    P    A    A    A    A  

  Dose 3    P    A    A    A    A    A    P    A                                  

  Dose 4                                    A    P    A    P    A    A    A    A  

  Dose 5    P    A    A    A    A    A    P    A                                  

  Dose 6                                    A    P    A    P    A    A    A    A  

  Dose 7    P    A    A    A    A    A    P    A                                  

  Dose 8                                    A    P    A    P    A    A    A    A  
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 established pharmacodynamic measurement is to be 
used as an endpoint, it should be possible to calculate 
the number required to demonstrate signifi cant dif-
ferences from placebo by means of a power calcula-
tion based on variances in a previous study using this 
technique. However, analysis of the study is often 
limited to descriptive statistics such as mean and 
standard deviation, or even just recording the number 
of reports of a particular symptom, so that a formal 
power calculation is often inappropriate. There must 
be a balance between the minimum number on 
which it is reasonable to base decisions about dose 
escalation and the number of individuals it is reason-
able to expose to an NME for the fi rst time. To take 
the extremes, it is unwise to make decisions about 
tolerability and pharmacokinetics based on data from 
one or two subjects, although there are advocates of 
such a minimalist approach. Conversely, it is not jus-
tifi able to administer a single dose level to, say, 50 
subjects at this early stage of ED. There is no simple 
answer to this, but in general the number lies between 
6 and 20 subjects.   

Minimising risk

Minimal risk
 The principle governing all studies in humans is that 
of  ‘ minimal risk ’ , so that a healthy volunteer leaves a 
study in as good health as when he or she entered it. 
The Royal College of Physicians has stated that,  ‘ A risk 
greater than minimal is not acceptable in a healthy 
volunteer study ’   [10] . A healthy volunteer stands to 
gain nothing directly from a new medication and the 
risk should therefore be negligible but it can never be 
reduced to zero. One must never be deluded into 
believing that an NME is going to be  ‘ safe ’ . If all the 
toxicity studies are reassuring and the molecule 

 The disadvantages of a parallel group design can be 
summarised as follows:
1.     It can be very diffi cult to maintain the blind 
throughout the study because as soon as pharmaco-
dynamic effects are observed both subjects and inves-
tigators will know whether an individual has been 
allocated to the active or placebo group for the 
remainder of the study.  
2.     Subjects cannot serve as their own placebo con-
trols for intra - subject comparisons of pharmacody-
namic effects, including adverse events.  
3.     Variability in inter - subject data may confound 
meaningful comparisons unless cohorts are large.  
4.     Only a proportion of subjects participating in the 
study receive active drug.    
 The advantages of a crossover design are as follows:
1.     Maximum information is obtained from a com-
paratively small number of subjects.  
2.     Randomisation to A or P is different on every 
study day, therefore it is comparatively easy to main-
tain the blind throughout the study.  
3.     Intrasubject variability in pharmacodynamics is 
generally much less than intersubject variability, 
allowing meaningful comparisons with placebo.    

 The disadvantages of a crossover design are as 
follows:
1.     Individual subjects skip a dose level when they 
receive placebo so that no pharmacokinetic data 
are available for this subject/occasion and the subject 
is exposed to a large dose increment on the next 
occasion.  
2.     The dose escalation may stop before all subjects 
have received placebo so that the crossover is 
incomplete.     

Size of cohorts
 The number of subjects per cohort needed for the 
initial study depends on several factors. If a well -

Table 4.4    Crossover study design with two alternating cohorts of eight subjects and a 6   :   2 restricted randomisation to active 

drug ( A ) or placebo ( P )  –  each subject receives  A  on three occasions and  P  on one occasion 

   Subject     1     2     3     4     5     6     7     8     9     10     11     12     13     14     15     16  

  Dose 1    P    A    A    P    A    A    A    A                                  

  Dose 2                                    A    P    A    A    A    A    P    A  

  Dose 3    A    P    A    A    A    P    A    A                                  

  Dose 4                                    A    A    P    A    P    A    A    A  

  Dose 5    A    A    P    A    P    A    A    P                                  

  Dose 6                                    P    A    A    A    A    P    A    A  

  Dose 7    A    A    A    A    A    A    P    A                                  

  Dose 8                                    A    A    A    P    A    A    A    P  
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tered. Administration of a bolus or rapid infusion is 
never justifi ed for a fi rst administration to humans. 
For orally administered drugs, there is no chance to 
alter anything once the dose has been swallowed. 

 The most carefully designed study and the most 
ethical protocol do not guarantee safety. A study that 
is not prepared and executed properly is likely to put 
volunteers at unnecessary risk. There must be suffi -
cient staff to cover all practical aspects of the study. At 
least one nurse and a doctor should be present for 
dosing and for a specifi ed period afterwards, usually at 
least a few hours. All staff should be thoroughly briefed 
by the investigator, the case report forms checked 
against the schedule, and every member of staff should 
know precisely what he or she will be doing during the 
course of a study day. The detailed schedule for each 
study day must also be optimal. An antidote to the 
NME, if available, should be present on the unit with 
staff fully briefed what treatment will be administered, 
should the need arise, however remote the possibility.  

Interim reviews
 Interim reviews of the data are an essential require-
ment to minimise risk during dose - escalation studies. 
After each study day, or certainly after a predefi ned 
number of volunteers have received the next dose 
increment, the investigator, nurses, study physicians 
and medical and other representatives of the sponsor 
should meet (face - to - face or by video or teleconfer-
ence) to review the data. A decision to stop, modify 
or continue dose escalation should be made jointly 
between the principal investigator at the CRO and the 
sponsor ’ s physician. Such reviews should be con-
ducted with maintenance of the double - blind and 
steps should be taken to avoid inadvertent unblind-
ing, such as by coding of subject numbers. The data 
that should be reviewed are listed in Box  4.12 .   

belongs to a well - known class that has an exemplary 
safety record, the NME must still be treated with the 
greatest respect. Some of the ways in which risk can 
be minimised are mentioned later.  

Practical  aspects of study design
and conduct
 A comprehensive knowledge of the preclinical infor-
mation about a compound is an essential require-
ment for the safe conduct of the FIH study. Toxicology, 
metabolism, pharmacokinetics and pharmacody-
namics are all important, despite their limited predic-
tive power for humans. As explained earlier (see 
 ‘ Choice of dose range ’ ), selection of the starting dose 
is dependent on all these preclinical fi ndings but 
many other aspects of the study design must also take 
the preclinical fi ndings into account. For example, in 
deciding the interval between dosing subjects, the 
pharmacokinetics in animals and the time course of 
pharmacodynamic effects (desired and undesired) 
must be considered carefully. If a drug to be admin-
istered orally is expected to exert its maximum effects 
at the time of peak plasma concentrations after rapid 
absorption, it may be reasonable to dose subjects at 
30 -  or 60 - min intervals. On the other hand, if the 
effects are not directly related to plasma concentra-
tions and/or are expected to occur many hours after 
dosing, the interval may need to be 24   h or more. If 
subjects are dosed with an interval that is too short, 
drug - related adverse reactions would be likely to 
occur at the same time in several or all the subjects. 
This could be very diffi cult to manage and puts sub-
jects at unnecessary risk. Indeed, it may be wise to 
stop the study after the fi rst signifi cant adverse reac-
tion has been seen and reconsider the dose or whether 
to proceed at all. 

 It is wise to study two or three lead volunteers on 
the fi rst day at a new dose level with one of the sub-
jects receiving placebo before the remaining subjects 
receive the same dose on another day. It is also often 
sensible to limit the number of subjects studied on 
one day to 6 or perhaps 8, at least two of whom will 
receive placebo. 

 The route of administration is also a key factor. It 
is a common misconception that the intravenous 
route is of higher risk than the oral route. The advan-
tages of the intravenous route are that the infusion 
can be administered slowly over an hour or several 
hours and the rate of administration can be reduced 
if necessary. Should signifi cant adverse events appear 
while the infusion is in progress, it can be discontin-
ued altogether before the full dose has been adminis-

BOX 4.12    Interim  r eview of  d ata 

        •      Overall progress: number of subjects, doses, etc.  

   •      Adverse events: type, severity, time of onset relative 

to dosing, duration, action taken, outcome, 

likelihood of attributability to study drug  

   •      Vital signs, ECGs, other procedures for safety 

monitoring  

   •      Pharmacodynamic measures  

   •      Plasma concentrations, pharmacokinetics, any 

diffi culties with assay methodology  

   •      Laboratory data: blood and urine tests  

   •      Procedures: any diffi culties, compliance     
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begin to adopt a negative attitude to a study for what-
ever reason, it is usually time to stop.  

Higher risk new molecular entities
 In  ‘ Adverse reactions in volunteer studies ’  (see earlier) 
mention was made of the life - threatening adverse 
reactions to the fi rst dose of a new biological entity 
known as TGN1412 that occurred in a study con-
ducted in the UK in 2006. It is not appropriate to 
discuss the details of this case here but some impor-
tant aspects relating to management of risk are per-
tinent. TGN1412 was a recombinant IgG4 monoclonal 
antibody, which acted as an agonist binding to CD28 
present on T cells. The T - cell stimulation bypassed 
the normal requirement for co - stimulation by T - cell 
receptor triggering. It was intended for reconstitution 
of T cells in diseases such as chronic lymphoctytic 
leukaemia and autoimmune diseases such as rheuma-
toid arthritis. 

 Following the event, the UK Department of Health 
established an inquiry which was conducted by an 
Expert Scientifi c Group (ESG). In their fi nal report, 
the ESG enumerated a number of properties that 
confer higher risk  [24] . The advent of biologicals and 
novel engineered molecular structures leads to many 
more factors contributing to risk than in the past. 
Some of these are listed in Box  4.13 .   

 While any of these factors may confer higher than 
normal risk, there is no simple formula for assess-
ment of risk. Indeed, the ESG emphasised that con-
siderations with respect to trial design and safety 
should be on a case - by - case basis. It must never be 
forgotten that any drug can be dangerous if adminis-
tered in excessive doses.   

 It should be noted that pharmacokinetic data are 
included, which places a strain on the bioanalysts and 
laboratory facilities. However, with proper planning 
and adequate development time, a turn - around time 
of 5 – 7 days can usually be achieved for preliminary 
but reasonably reliable data. This includes packaging 
and shipping of samples, bioanalysis, pharmacoki-
netic analysis and reporting. Knowledge of maximum 
concentrations, dose proportionality of AUC and 
half - lives of the parent molecule and major metabo-
lites greatly adds to making rational decisions about 
adverse events, times for sampling and measure-
ments, the appropriate next dosage increment and 
the interval that should be allowed between study 
occasions. 

 Adverse events should be tabulated for easy inspec-
tion but the case report form should be available and 
all laboratory data such as blood counts, renal and 
liver function tests should be inspected closely. The 
absence of obvious adverse events does not mean that 
all is well, and careful scrutiny of data by an experi-
enced physician can often spot problems before they 
become troublesome. Not infrequently, one or more 
volunteers become unwell during the course of a 
study, usually because of intercurrent viral infections, 
and decisions about postponement of study days, 
subject withdrawal and follow - up can be made 
during these meetings. Data that are missing because 
of non - attendance of volunteers, for whatever reason, 
may lead to a delay in the study, with postponement 
of dose escalation until they have caught up. 

 The review requires that all the data be collated for 
presentation, which is a useful discipline. An oppor-
tunity is also provided for practical problems to be 
discussed and acted upon. All decisions should be 
documented and it is good practice for the sponsor 
to confi rm the main outcome decision in writing to 
the CRO. Any signifi cant modifi cations to the proto-
col will have to be put before the IEC before proceed-
ing and substantial amendments required review by 
the competent authority. The volunteers also need 
to be updated about any changes to the schedule 
and adverse events as the study unfolds. As always, a 
volunteer must be free to withdraw from a study at 
any stage. 

 The decision to halt a dose escalation is not always 
straightforward. There may have been adverse events 
that are not serious but that are disliked by the vol-
unteers. While decisions about safety must always be 
in the hands of the physicians, the investigator must 
listen carefully to the volunteers and nurses. When 
hitherto sensible and well - motivated volunteers 

BOX 4.13    Some  f actors  t hat  c ontribute to  h igher 

 t han  n ormal  r isk 

        •      Mechanism of action may be poorly understood  

   •      Species specifi city may make non - clinical tests of 

safety and effi cacy of questionable relevance to 

humans because of absence of on - target effects  

   •      Dose calculations based on biological activity in 

non - clinical species may be erroneous because of 

absence of on - target effects  

   •      Actions on the immune system may be diffi cult to 

predict  

   •      Amplifi cation, cascades and multiple signalling 

pathways may result in multiple steep dose – response 

curves  

   •      Quality of the product used in human studies may 

be different from that used in non - clinical testing     
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 Plasma pharmacokinetic profi les should generally 
be obtained with the fi rst dose, sampling for about 5 
half - lives to obtain AUC 0 – infi nity , and over a dosing 
interval at the end of the dosing period, when steady 
state has been achieved (i.e. when input rate of drug 
is equal to the elimination). Samples should also be 
drawn immediately before dosing at selected times 
during the dosing period to obtain trough concentra-
tions. The pharmacokinetics at steady state can then 
be compared with those after single doses within each 
subject. So - called  ‘ time - dependent kinetics ’  in which 
the single - dose data do not accurately predict the 
kinetics at steady state may result from a number of 
causes. For example, autoinduction, when the drug 
induces its own metabolism, will result in clearance 
increasing with time. Conversely, if metabolism 
becomes saturated at high concentrations, the steady 
state concentrations may be higher than predicted 
from the pharmacokinetic parameters obtained after 
single doses. 

 Many drugs active on the CNS will be subject to 
pharmacodynamic tolerance (i.e. effects will diminish 
on repeat dosing despite maintenance of plasma con-
centrations). If development of tolerance is consid-
ered likely, consideration should be given to designing 
dose - escalation steps within each cohort with phar-
macokinetic and pharmacodynamic assessments at 
some of these interim steps. Usually, it is the central 
effects of drugs acting primarily on the CNS that 
limit the dose that can be administered to healthy 
volunteers rather than any target organ pathological 
changes. The MWTD generally is lower than that 
which may subsequently be defi ned in patients. 

 With drugs acting primarily on other systems, the 
limit to dose escalation may also be determined by 
the incidence or severity of adverse events, but for 
drugs that are well tolerated, the dose may be limited 
in accordance with plasma concentrations and total 
exposure defi ned by the NOAEL in the most sensitive 
toxicity species. Indeed, the NOAELs and the nature 
of target organ toxicity are far more relevant for 
limiting the dose in multiple - dose than single - dose 
studies.  

Studies in the elderly
 For a drug that will be used commonly in the elderly, 
it is important to obtain early information about tol-
erability and pharmacokinetics in this age group. 
Because glomerular fi ltration rate declines with age, 
exposure to drug is likely to be greatly increased 
in the elderly if the drug is eliminated primarily by 
the kidney. In the case of a high extraction drug, 

Subsequent studies in 
exploratory  development

 The limitations of the FIH study should be recog-
nised. Even if the study has achieved all its objectives 
in terms of tolerability, pharmacokinetics and phar-
macodynamic endpoints, the data will only be of a 
preliminary nature. It is then necessary to re - examine 
the provisional plan of exploratory studies and recon-
sider priorities and data, which require early verifi ca-
tion in carefully designed, controlled studies. The 
objectives of these studies should be driven by the 
critical questions in the ED plan. A few points about 
the design of commonly required studies are made in 
the next paragraphs. 

Effect of food ingestion
 An assessment of the effect of food on the pharma-
cokinetics of a drug can generally be examined in a 
single - dose two - arm randomised crossover design 
study, which may be included in the same protocol as 
the single dose - escalating study. Preliminary infor-
mation can also be obtained by including a  ‘ fed ’  occa-
sion at one dose level in the dose escalation. These 
studies will be insuffi cient for registration purposes, 
which require an adequately powered study per-
formed with the fi nal formulation, but the informa-
tion should be suffi cient to indicate whether there is 
need for restrictions on dosing with respect to meals 
in repeat - dose studies in healthy volunteers and 
patient clinical trials.  

Repeat doses
 Frequently, information on tolerability, safety and 
pharmacokinetics of repeat doses for up to about 14 
days is the highest priority. A placebo - controlled 
parallel - groups dose - escalating design is generally 
appropriate, with each cohort receiving a single dose 
level or placebo for the defi ned duration. Typically, 
such a study involves three or four dose levels, selected 
on the basis of results of the fi rst study. If three dose 
levels were chosen to be studied, cohorts of 12 sub-
jects might be randomised 9   :   3 A   :   P so that at the end 
of the study nine subjects will have received each dose 
level and nine will have received placebo. If biomark-
ers are to be employed to assess the relationships 
between dose, concentration and response, consid-
eration should be given to use of a positive control as 
well. Selection of the highest dose should take into 
account the 24 - h exposure at the NOAEL in animal 
toxicity studies and close attention should be paid to 
laboratory safety data as the study proceeds. 
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 The timing of the study during the course of devel-
opment is often a subject of much debate. The infor-
mation gained may be critical but there is an 
understandable reluctance to commit to all the pre-
paratory work before it is clear that the NME will be 
going all the way to MAA. Fortunately, microdose 
radiolabel studies are now possible to establish the 
metabolic fate of molecules very early in development 
(see  ‘ Pharmacokinetics ’ ).  

Surrogate  endpoints for dose–response
in patients
 Perhaps the most frequent problem encountered 
during ED is that the dose range of interest has not 
been adequately defi ned. If this can be achieved only 
in the target patient population there is no point in 
carrying out more studies in healthy subjects. Dose –
 reponse studies in patients typically involve 50 – 200 
patients, administration of two or more active doses, 
placebo and reference treatment controls. Endpoints 
may be clinical or surrogates or a combination of 
these. The use of surrogate endpoints in patients is 
well established in most therapeutic areas. After all, 
blood pressure has been used as a surrogate for car-
diovascular risk for many decades. Some other exam-
ples are given in Table  4.5 .   

 An important qualifi cation must be made. While a 
surrogate may be of proven value in establishing 
whether a drug has the desired effect and for charac-
terisation of the dose – response relationship early in 
development, it may not be a surrogate for the clinical 
endpoint under all circumstances and is rarely accept-
able to the regulatory authority as suffi cient evidence 
to grant a licence  [30] . Thus, suppression of testoster-
one after an initial rise will give an almost immediate 
endpoint for the effect of gonadotrophin releasing 
hormone analogues in prostate cancer but the rela-
tionship breaks down later in the disease. Measures 
of blood glucose control are vital for establishing 
dose – response in early studies of new oral agents for 
type 2 diabetes but they are not surrogates for the 
complications of the disease, despite the proven rela-
tionship between glycaemic control and complica-
tions. Furthermore, the benefi t of some long - acting 
insulins appears to be the reduction in nocturnal 
hypoglycaemia with no effect on the traditional 
measures of glycaemia. Bone mineral density is 
inversely related to fracture rates in osteoporosis and 
is a useful surrogate for effi cacy but vertebral fracture 
rates constitute the primary clinical endpoint for 
regulatory purposes. An important exception is 
mRNA viral load in HIV - positive patients, which is 

impairment of cardiac output in the elderly is likely 
to increase exposure because of reduced fi rst - pass 
metabolism. Single -  and multiple - dose studies in 
healthy elderly volunteers can provide extremely 
valuable information prior to exposure of patients in 
this age group, who are a vulnerable group and in 
whom many factors may confound results.  

Drug interactions 
 If a drug is to be tested in patients who will inevitably 
be receiving other medications with which the NME 
is likely to interact, it may be important to design 
interaction studies in healthy volunteers or patients 
early in ED. This is not simply a matter of whether 
dosage adjustment may be required. For example, the 
demonstrated ability of an NME to inhibit metabo-
lism and thereby double the concentrations of a 
standard therapy which will almost always be given 
concomitantly, may lead to a decision to stop devel-
opment altogether. At the very least, it will have impli-
cations for the recruitment of subjects in subsequent 
clinical trials. 

 The design of such studies will usually involve 
repeat dosing of one or both drugs to achieve steady -
 state concentrations. Potential interactions with 
drugs used commonly by the elderly, such as digoxin, 
antihypertensives and warfarin, need not be studied 
in the elderly but some of these studies may need to 
be performed before exposing patients in clinical 
trials. Data from  in vitro  and  in vivo  studies in animals 
and preclinical characterisation of metabolism 
and other aspects of pharmacokinetics are crucially 
important in selecting appropriate interaction studies 
to be performed early in clinical development  [27,28] .  

Mass-balance studies
 A mass - balance study to gain a comprehensive 
understanding of the metabolic fate of drug - related 
material requires administration of radiolabelled 
material to humans. Such studies generally involve 
administration of single doses, with subsequent col-
lection of excreta as well as blood sampling until vir-
tually all drug has been eliminated. The clinical phase 
of such studies is generally not complex, but prepara-
tion for the study, with synthesis of the radioactive 
molecule and development of  ‘ cold ’  assays of metabo-
lites as well as parent molecule, may take many 
months. Such studies also require submission of 
applications with detailed dosage and radioactive 
exposure calculations for authorisation by external 
bodies such as the Administration of Radioactive 
Substances Advisory Committee in the UK  [29] . 
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that the drug is a serious candidate for FD to product 
licence, or that it is not viable and development 
should be stopped forthwith. Sometimes it takes a 
little longer before the picture becomes clear but the 
aim should be to make a go/no - go decision at the 
earliest opportunity. 

 Overall, results of ED should impact on both the 
project itself and on the research programme 
from which additional compounds are actively being 
sought. Some common reasons for discontinuing a 
project and their possible impact on the research pro-
gramme are shown in Table  4.6 .   

 A more successful outcome of ED will usually 
commit the company to proceed to full develoment. 

accepted by regulatory authorities as a surrogate 
for a delay in progression to AIDS and survival  [31] . 
Such a conservative approach may sometimes seem 
to place unnecessary demands on the pharmaceutical 
industry but there is precedent. Suppression of ven-
tricular extrasystoles seemed at one time to be an 
obvious marker of effi cacy of type Ic anti - arrhythmic 
agents. The complete failure of this outcome to serve 
as a surrogate to predict the incidence of sudden 
death in patients with heart disease  [32]  justifi es 
the extremely cautious position of regulatory author-
ities in accepting surrogate endpoints for registration 
purposes. 

 An interesting aspect of the use of biomarkers as 
surrogates is exemplifi ed by the statins, which lower 
serum low - density lipoprotein cholesterol. It has been 
shown that their contribution to improved prognosis 
in patients with cardiovascular disease is not entirely 
a result of lowering of cholesterol and may be related 
to anti - infl ammatory activity. Thus, the apparently 
obvious surrogate turns out to be an inadequate 
biomarker for predicting outcome. 

 Of course, it is not always necessary to rely on 
biomarkers for rapid evaluation of dose – response 
relationships in ED. Thus, effi cacy of new drugs is 
readily demonstrated in terms of the clinical end-
point for diseases, such as migraine, infl ammatory 
pain, asthma, psoriasis, glaucoma and many others.   

Outcomes of ED

 As discussed in the introduction to this chapter, 
results of ED are intended to give a clear indication 

Table 4.6    Discontinuation of a project and impact on 

basic research 

   Findings leading to 
project termination  

   Impact on research  

  Poor tolerability at 

effective concentrations  

  If due to specifi c compound, 

need back - up  

      If a class effect, stop 

programme  

  Unsatisfactory 

pharmacokinetics or 

metabolism

  May be possible to design a 

better molecule  

  Low potency    May be possible to design a 

more potent molecule  

  Low or absent effi cacy    If principle disproved, stop 

programme  

Table 4.5    Examples of biomarkers of established utility as surrogates in early drug evaluation in patients 

   Clinical endpoint     Biomarker     Drug class  

  Risk of cardiovascular events    LDL   :   HDL serum cholesterol    Statins, etc.  

  Complications of diabetes    FBG, HbA 1C , insulin sensitivity    Some oral antidiabetic agents  

  Relapse rate and disability in MS    Demyelination plaques on MRI scan    Various agents for MS  

  Frequency of epileptic fi ts    EEG photostimulation    Anti - epileptics  

  Progression to AIDS    Serum viral mRNA    Anti - HIV drugs  

  Fracture rate in osteoporosis    Bone mineral density    Bisphosphonates, HRT, etc.  

  Progression of prostatic carcinoma    Serum PSA and testosterone    GnRH analogues  

  Progression free and overall survival    Tumour imaging using RECIST criteria    Anticancer drugs  

   EEG, electroencephalography; FBG, fasting blood glucose; GnRH, gonadotrophin releasing hormone; HbA IC , glycosylated 

haemoglobin A IC ; HDL, high - density lipoprotein; HRT, hormone replacement therapy; LDL, low - density lipoprotein; MRI, 

magnetic resonance imaging; MS, multiple sclerosis; PSA, prostate specifi c antigen; RECIST, Response Evaluation Criteria In 

Solid Tumors.   
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If ED has achieved its objectives it should be possible 
to make use of the PK - PD information obtained to 
optimise the design of subsequent pivotal clinical 
trials. In particular, it should be possible to use dosage 
regimens that are rational and justifi able on scientifi c 
as well as commercial grounds. Active research pro-
grammes should proceed with the search for follow -
 up compounds.  
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     In this chapter, we fi rst explain the concepts underly-
ing the primary pharmacokinetic parameters, their 
relationship to half - life and how they may be applied 
to predict the effects of age, disease and concomitant 
medication. We defi ne the terms  ‘ absolute ’  and  ‘ com-
parative bioavailability ’ , bioequivalence and essential 
similarity, and discuss factors to be taken into account 
when deciding on the need for a study to demonstrate 
bioequivalence of a new formulation. 

 Drug interactions are frequent and some have 
major adverse consequences; we describe an approach 
to deciding which interaction studies are required. 
Consideration is also given to the effects of ageing, 
renal impairment and liver disease. The value of 
pharmacokinetic – pharmacodynamic (PK - PD) mod-
elling to elucidate the relationship between drug con-
centrations and effect and the strengths and potential 
weaknesses of population pharmacokinetics to all 
phases of drug development are described briefl y. 
Other components of the regulatory pharmacoki-
netic package are also addressed. 

 A carefully planned and conducted package of 
pharmacokinetic studies should provide sound 
support for the clinical trials regulatory submission  

Introduction 

 The term  ‘ pharmacokinetics ’  refers to the time course 
of the passage of a drug and its metabolites through 
the body. It can be thought of as  ‘ what the body does 
to the drug ’  in contrast to pharmacodynamics, which 
can be thought of as  ‘ what the drug does to the body ’  
(Figure  5.1 ). The processes involved are absorption, 

distribution, metabolism and excretion, defi ned in 
Box  5.1 . Together, these processes have an important 
role in determining the duration and magnitude of 
both the desired and undesired pharmacodynamic 
effects of drugs.     

 It is not usually possible to measure the concentra-
tion of a drug at its site(s) of action. Plasma, which 
can be conveniently sampled, is generally used 
instead, but drug concentrations may be determined 
in other bodily fl uids such as saliva and cerebrospinal 
fl uid, as well as the excreta, urine and faeces. There is 
often a relationship between plasma concentration 
and response, although this may sometimes be 
complex. Therefore, estimation of plasma concentra-
tions, and how they are altered by the many factors 
that can affect drug handling, may be used to make 
predictions about dosage in the otherwise healthy 
individual and in the presence of organ failure or 
concomitant medications. 

 A growing appreciation of the predictive value of 
pharmacokinetics, together with a change in the atti-
tude of regulatory authorities to the whole question 
of dosage, has led to increased importance of the 
clinical pharmacokinetics regulatory submission. It is 
no longer acceptable to register a dosage regimen 
based on a single empirically derived dose of proven 
effi cacy and safety. Drug developers are now rightly 
required to demonstrate, wherever possible, that the 
optimum dose and frequency of dosing have been 
selected to give the greatest benefi t for the least 
risk of adverse reactions. Regulatory authorities 
also require pharmacokinetic information to support 
clinical data in order to make recommendations on 
how dosage should be modifi ed for particular patient 
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body, and implications this has for the toxicity and 
therapeutic effi cacy of drugs, particularly new active 
substances in development. 

Overview of the fate of administered  drug
 A drug can be administered directly into the vascular 
compartment or by an alternative route such as orally. 
It can usually be assumed that the entire dose admin-
istered by the intravenous route reaches the systemic 
circulation. After oral administration, only a propor-
tion may reach the systemic circulation because of 
incomplete absorption or because absorbed drug 
may be metabolised in the mucosa of the gastrointes-
tinal tract or liver, a process known as fi rst - pass 
metabolism. Once in the systemic circulation, drug is 
transferred from the circulation to tissues and back 
again; this is called distribution. Rates and extent of 
distribution to different tissues may depend on blood 
perfusion, diffusion, active transport and binding to 
plasma and tissue proteins. Also, once the drug is in 
the plasma, it can start to be removed, either by 
changing it to another molecule (metabolism) or by 
removal from the plasma in unchanged form (excre-
tion) most frequently into urine, but sometimes bile 
or, more rarely, breath. Collectively, metabolism and 
excretion are known as elimination.  

Plasma concentration –time curve
 The effects of the processes listed earlier on the time 
course of the plasma concentration with time is as 
follows. Initially, as absorption starts, the plasma drug 
concentration will rise. As soon as there is some drug 
in the plasma, distribution and elimination will start. 
Absorption will start to slow down as there is less 
drug to be absorbed. Eventually, the rate of drug 
going into the plasma from absorption will be 
equalled by the rate of drug leaving the plasma by 
distribution and elimination, so temporarily a plateau 
of maximum concentration is reached. Absorption 
continues to slow (as by now most of the drug has 
been absorbed) and the plasma concentration will 
continue to fall because of ongoing distribution and 
elimination. Often, elimination is slower than distri-
bution, resulting in an initial fast fall, caused mainly 
by distribution and then a slower fall largely as a 
result of elimination. 

 Most physicians will be familiar with the basic 
shape of a plasma concentration – time curve follow-
ing oral or intravenous administration, and are likely 
to be familiar with, or at least readily understand, the 
simple terms that relate to this shape. Such terms  –  
maximum plasma concentration ( Cmax ), time to 

populations. The clinical signifi cance of altered phar-
macokinetics, and hence the requirement for dosage 
adjustment, will, to some extent, depend on the 
therapeutic index of the drug. Thus, while a clinical 
pharmacokinetics package forms a mandatory part 
of every regulatory submission for a systemically 
administered drug, a more comprehensive package 
will be generally required for drugs of low therapeutic 
index. 

 Although, like statistics, the details of pharmacoki-
netic analysis are best left to the experts, a pharma-
ceutical physician who is familiar with the basic 
concepts of how pharmacokinetic information con-
tributes to a dossier will be able to interact more 
effectively with company colleagues and regulatory 
authority staff. It is the aim of this chapter to provide 
such a preliminary grounding.  

Basic concepts

 The reader is referred to one of several texts giving 
detailed accounts of clinical pharmacokinetics  [1] . 
However, an understanding of the basic concepts is 
essential in order to appreciate how pharmacokinetic 
data can provide insight into the physiological pro-
cesses that determine the time course of a drug in the 

Figure 5.1     Pharmacokinetics  –  defi nition.  

BOX 5.1    The  p harmacokinetic  p rocesses 

Absorption   –  the process of getting drug into the body 

(not necessarily the systemic circulation)  

Distribution   –  the processes of distribution into and 

out of the tissues  

Metabolism   –  the processes that change the drug to 

another molecule  

Excretion   –  the processes that remove drug from the 

body  

  Collectively, these processes are referred to as ADME     
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it is the property of a drug that determines the main-
tenance dosing rate needed to maintain a desired 
plasma concentration. Clearance can be defi ned in 
several ways but the two most useful defi nitions are 
listed in Box  5.2 .   

 When clearance is otherwise unspecifi ed, the term 
 ‘ clearance ’  is used to mean  ‘ total clearance ’ , which is 
the sum of the individual organ clearances (e.g. 
hepatic clearance, renal clearance). Measuring or esti-
mating individual organ clearances can be used to 

maximum plasma concentration ( tmax ), area under 
the plasma concentration – time curve (AUC) and 
half - life ( t1/2 )  –  are illustrated in Figure  5.2 .    

Descriptive versus  conceptual parameters 
 These simple descriptive terms can be used for any 
concentration – time profi le, and do not require any 
conceptual understanding of how the drug is handled 
by the body. Although these descriptive terms are 
useful in designing a dosage regimen (see later), there 
is no way of understanding why two drugs dosed at 
the same nominal dose could have very differing 
values of  Cmax  and half - life. To understand why the 
values are as they are, it is necessary to use a new set 
of parameters, which assist in the conceptual under-
standing of how the drug is handled by the body. The 
three most important parameters in this conceptual 
group are illustrated in Figure  5.3 . These parameters 
are clearance (CL), bioavailability (F) and volume of 
distribution (V), and are now discussed in turn.   

Clearance 
 Clearance is a measure of the body ’ s ability to elimi-
nate the drug substance from the plasma or blood by 
either metabolism or excretion. The main organs of 
clearance are the liver and the kidneys, although other 
organs can take part as well (e.g. gut, lung, peripheral 
tissues). Clearance is an important parameter because 

Figure 5.2     Descriptive pharmacokinetic parameters: (a) plasma concentration – time plot; (b) semi - logarithmic plot.  

Figure 5.3     The triad of primary pharmacokinetic 

parameters.  
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molecules, the unbound drug in plasma is readily 
fi ltered at the glomerulus where the normal glomeru-
lar fi ltration rate (GFR) is approximately 120   mL/
min. Hence, if the renal clearance of a drug is much 
higher than the GFR, we can conclude that active 
tubular secretion must exist as a renal excretion 
pathway. This is important because, unlike fi ltration, 
which is a passive process, competition for tubular 
secretion, and hence the potential for clinically rele-
vant drug interactions, can occur. Conversely, if the 
renal clearance is substantially lower than the fi ltered 
free drug clearance, we can conclude that tubular rea-
bsorption must be occurring. This raises the possibil-
ity of renal clearance being dependent on urinary 
fl ow rate or pH. 

 In addition to metabolism, the liver is also able to 
secrete unchanged drug into the bile, sometimes 
against a high concentration gradient. An example of 
a drug that is almost exclusively eliminated by biliary 
secretion is the antimalarial drug atovaquone. 

 Whether a drug is eliminated largely unchanged in 
urine or primarily metabolised is a function of its 
physicochemical properties and its suitability as a 
substrate for metabolising enzymes. As a broad gen-
eralisation, hydrophilic (water - loving) drugs will be 
excreted in unchanged form in the urine and 
lipophilic (fat - loving) drugs will be primarily metab-
olised. The metabolites may subsequently be excreted 
via the kidneys. 

 For most drugs, clearance is a constant and thus 
independent of dose. This would mean that, for 
example, when the dose is doubled, the plasma con-
centration is doubled (Figure  5.4 a) but clearance is 
the same. However, for some drugs, clearance may 
change with dose. This usually occurs when a drug is 
eliminated primarily by metabolism (and this is a 
saturable process) and the mass dose of the drug is 
high. For example, alcohol is a drug that is consumed 
in gram doses where the rate of metabolism is satu-
rated after a small intake. A more clinically relevant 
example is phenytoin, where metabolism is saturated 
within the therapeutic dosage range (Figure  5.4 b). 
Terms used to describe this include  ‘ non - linear 
kinetics ’  and this results in disproportionately high 
increases in plasma concentration when the dose is 
increased. Under such circumstances, clearance is 
concentration - dependent and thus will have to be 
stated for each dose separately, as the value will differ.     

Bioavailability
 Bioavailability is the other important conceptual 
pharmacokinetic parameter, in addition to clearance. 

predict changes in drug handling under different 
physiological circumstances (see later). Given that 
one of the defi nitions of clearance is  ‘ the volume of 
plasma completely cleared of drug in unit time ’ , it can 
be readily seen that this is equal to the total plasma 
fl ow (or blood fl ow if the measurements have been 
carried out in blood) multiplied by the proportion of 
drug removed by the organ during the passage. This 
latter proportion defi nes the concept of  ‘ extraction 
ratio ’  of an organ. If there is a high ( > 70%) extraction 
ratio across an organ, increasing the blood fl ow is 
likely to increase clearance. Conversely, when the 
extraction ratio is low ( < 30%), changes in blood fl ow 
are unlikely to change clearance because the eliminat-
ing capacity is not limited by the amount of drug 
being supplied. 

Clearance  units and range for values   As indicated in 
the defi nition, clearance has units of fl ow (e.g. mL/
min or L/h); it can also be corrected for body weight, 
body surface area or age. For drugs that undergo 
negligible renal elimination and are very stable meta-
bolically, clearance values can be  < 1   mL/min. The 
maximum values for organ clearance approach total 
organ plasma or blood fl ow. Hence, the maximum 
limit for hepatic clearance is approximately 1500   mL/
min. Higher values for clearance would suggest that 
more than one organ is responsible for clearance 
or that the drug is metabolised in the plasma. For 
example, diamorphine has a systemic clearance of 
approximately 3000   mL/min because it is deacetylated 
in the plasma. 

 The kidney is a special case because, unlike with 
other organs, we can measure the amount of drug 
eliminated by that organ, in this case by measuring 
the amount of unchanged drug in urine. For all small 

BOX 5.2    Clearance  –   d efi nitions and  c oncepts 

        •      Defi ned as  ‘ rate of drug elimination divided by the 

plasma concentration ’   

   •      Equivalent to  ‘ the volume of plasma completely 

cleared of drug per unit of time ’   

   •      Sum of metabolism and excretion  

   •      Has units of fl ow (mL/min), which can be corrected 

for body weight (mL/min/kg)  

   •      Total clearance is the sum of all organ clearances: 

   CL total     =    CL renal     +    CL hepatic     +    CL    . . .      

  CL    =    dose/AUC for intravenous drug  

  CL    =    bioavailable dose/AUC for all routes  

  CL    =    F    ×    dose/AUC    

   •      Note that there is  no  half - life term     
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After oral administration, only a proportion of the 
drug may reach the systemic circulation because 
of incomplete absorption or because absorbed drug 
may be metabolised in the gut wall or liver (fi rst - pass 
metabolism). For orally administered drugs, bioavail-
ability will be the product of the fraction of the dose 
absorbed into the body and the fraction of the dose 
that escapes gut and hepatic fi rst - pass metabolism. 
For example, if a drug is 50% absorbed but the 
subsequent passage through the liver (i.e. fi rst - pass 
metabolism) removes 75% of the absorbed drug, the 
bioavailability is 0.5    ×    (1    −    0.75)  =  12.5%. Examples 
of drugs with low bioavailability because of high fi rst -
 pass metabolism include propranolol, verapamil and 
morphine.   

 As with clearance, the physicochemical properties 
of a drug can determine its absorption and hence 
have an effect on bioavailability. Hydrophilic drugs 
may dissolve well in the gut lumen and hence cause 
few formulation problems, but cross cell membranes 
poorly and hence may be poorly absorbed, although 
there are some mechanisms of absorption of 

The key concepts are summarised in Box  5.3 . Bioa-
vailability is defi ned as the proportion of an admin-
istered dose that reaches the systemic circulation. It 
has no units and is usually expressed as a percentage. 
Values range from 0 to 100%, and will be 100% or 
 ‘ complete ’  for an intravenously administered drug. 

Figure 5.4     (a) Clearance is a constant; saturation of metabolism. (b) Factors affecting a dosage regimen. Reproduced from 

Rowland and Tozer (1995)  [1] , with permission.  

BOX 5.3    Bioavailability  –   d efi nition and  c oncepts 

        •      The proportion of an administered dose that reaches 

the systemic circulation

   •      No units  –  often as expressed as a percentage  

   •      Ranges from 0 to 100%  

   •      Is affected by absorption and fi rst - pass metabolism  

   •      The proportion of an absorbed dose that escapes 

metabolism before it reaches the systemic circulation 

(1  –  hepatic extraction ratio); therefore high 

(hepatic) clearance drugs will have low 

bioavailability  

   •      Usually calculated as AUC oral /AUC iv  for the same 

dose     
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ment (e.g. large highly protein - bound drugs), such as 
some intravenous contrast agents. However, there is 
no upper limit to volume of distribution and it can 
be very much larger than body volume. Under such 
circumstances one can conclude that the drug must 
be highly concentrated in at least one tissue. This may 
have important implications for therapeutic potential 
or for toxicity. For example, a lipophilic drug is likely 
to penetrate and be concentrated in the CNS, which 
may be desired or undesired. 

 The units of volume of distribution are those of 
volume (i.e. L) and can be adjusted for, for example, 
body weight. The two main uses of volume of distri-
bution are in the calculation of loading doses for 
rapid onset of drug effect, and in understanding 
changes in half - life (see later).  

Calculation of primary parameters 
 It is important to understand that the primary param-
eters clearance and volume of distribution can only 
be calculated following intravenous administration 
of drug. This is because it is necessary to know the 
amount of drug that has reached the systemic circula-
tion for these calculations. This is not known for a 
non - intravenous dose, unless one makes an estimate 
of bioavailability (e.g. from urinary recovery of 
unchanged drug). Given the usefulness of knowing 
these primary parameters in being able to make physi-
ological predictions about the drug, this is one reason 
why some regulatory authorities insist on having this 
information, which requires intravenous administra-
tion of the drug, even when there are no plans to 
administer the drug therapeutically intravenously. 
Calculation of bioavailability requires a comparison 
of the area under the plasma concentration – time 
curves following a non - intravenous and an intrave-
nous dose, after correction for dose size. Without 
knowing the bioavailability, only  ‘ apparent ’  clearance 
and volume of distribution can be calculated and 
the ability to make predictions from these values is 
very limited.  

Half-life
 Physicians may be surprised to see that mention of 
half - life has been dealt with so late in this chapter, as 
it is likely to be the pharmacokinetic term most famil-
iar to them. The key concepts are summarised in 
Box  5.5   . Half - life is not a primary pharmacokinetic 
parameter but is one of the descriptive terms. 
Although many physicians will readily accept that 
changes in clearance will alter half - life, what is not 

hydrophilic drugs between cells. In contrast, lipophilic 
drugs may dissolve poorly and hence cause formula-
tion problems, but they may be well absorbed. These 
opposing constraints mean that very hydrophilic or 
very lipophilic drugs are often poorly bioavailable, 
and intermediate values are often sought by drug dis-
covery to retain good bioavailability.  

Volume of  distribution
 Volume of distribution is the third parameter to com-
plete the triad of primary pharmacokinetic parame-
ters. The key concepts are summarised in Box  5.4 . 
Volume of distribution is defi ned as a proportionality 
constant relating the total amount of drug in the 
body to the plasma concentration. Overall, volume of 
distribution is a complicated concept and can be one 
of the most diffi cult to understand. It is also not a 
single parameter, as the volumes of distribution can 
vary depending on when it is calculated following the 
dose. For example, it can be readily understood that 
shortly after an intravenous bolus, the volume of dis-
tribution may be quite small because the drug is still 
largely in the plasma compartment. However, once 
steady state has been reached, the volume of distribu-
tion may be larger. In the terminal elimination phase, 
when tissues are loaded with drug and the plasma 
concentrations are being reduced by clearance, the 
volume can be even larger again.   

 It is rare for the volume of distribution to represent 
a real volume. It can occur  –  the smallest possible 
distribution volumes will occur for drugs that are 
largely physically confi ned to the plasma compart-

BOX 5.4    Volume of  d istribution  –   d efi nition and 

 c oncepts 

        •      Defi ned as the amount of drug in the body divided 

by the plasma concentration  

   •      Has units of volume (L) or can be corrected for 

body weight (L/kg)  

   •      Minimum value is the plasma volume  –  large 

molecules that are confi ned to the plasma, and drugs 

that are highly protein bound  

   •      Maximum value is much larger than body volume: 

   means that drug must be concentrated in tissue(s)  

  means that drug probably crosses membranes  

  drug is often lipophilic    

   •      Usually calculated as terminal elimination 

slope    ×    clearance  

   •      Least useful of the three primary pharmacokinetic 

parameters     
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  Predictions from  p harmacokinetic 
 p arameters 
 Earlier we stressed the utility of being able to make 
predictions from knowledge of the primary pharma-
cokinetic parameters, and some examples have 
been given. A further example is as follows. Imagine 
we have undertaken a fi rst - in - human study where 
the drug has been given intravenously. Negligible 
amounts of unchanged drug were recovered in the 
urine, and the total plasma clearance was calculated 
to be 750   mL/min. Based on  in vitro  data it is likely 
that the drug is metabolised. It is reasonable to 
assume that the total plasma clearance is likely to be 
largely brought about by hepatic clearance and hence 
we have a hepatic extraction ratio of about 50% 
(750/1500   mL/min). Already we can assume that the 
drug will have oral bioavailability no higher than 50% 
(because fi rst - pass metabolism is likely to be about 
50%) and that changes in hepatic blood fl ow and/or 
metabolising capacity will affect steady - state plasma 
concentrations. This is without having yet given an 
oral dose of the drug.  

  Use of  p harmacokinetic  i nformation to 
 d esign  d osage  r egimens 
 An understanding of the pharmacokinetic properties 
of a drug is one of the major sources of information 
used in designing a dosing regimen.
    •      The volume of distribution can be used to deter-
mine the size of the dose required to reach a desired 
target plasma concentration with the fi rst dose: 
 ‘ loading dose ’ .  
   •      Clearance will determine the maintenance dosing 
rate to maintain an average plasma concentration.  
   •      The half - life (i.e. both volume of distribution and 
clearance) will guide the choice of a dosing interval 
such that the fl uctuations in plasma concentration 
are kept within acceptable limits.    

 However, there are other major factors in deter-
mining the dosing regimen, such as the nature of the 
concentration – response relationship for both effi cacy 
and toxicity and commercial and/or compliance 
factors. There are additional reasons why caution 
should be applied in assuming an effi cacy – time 
profi le from a given plasma concentration – time 
profi le. Some reasons why the time course of drug 
concentration and effect may differ are given in 
Table  5.1 .   

 Furthermore, it should not be assumed that a 
constant plasma concentration is desirable. For ex -
ample, aminoglycoside antibiotics are safer and more 

quite so obvious is that half - life is equally determined 
by volume of distribution and in fact there is an equa-
tion relating these three terms:

   t1 2 0 7/ . .= V/CL   

 Thus, if we are comparing half - life values between 
two groups of patients, or in an individual before and 
after a potentially interacting drug, we cannot auto-
matically assume that a prolonging of the half - life is 
the result of a reduction in clearance. This may well 
be the case, but is also possible that there are differ-
ences in volume of distribution. Furthermore, if drug 
has a long half - life it cannot be assumed to have a low 
clearance. For example, digoxin has a half - life of over 
a day but this is the result of a large volume of distri-
bution because the drug is concentrated in tissues. In 
fact, its clearance is relatively high, and this is why 
measures to increase clearance (such as haemodialy-
sis) are ineffective in removing a signifi cant amount 
of drug from the body in cases of overdose, unless 
additional measures are taken to reduce volume of 
distribution (e.g. digoxin antibodies). 

 The plasma elimination half - life can be deter-
mined from a semi - logarithmic plot of the plasma 
concentration – time plot (Figure  5.2 b), following an 
intravenous dose, as the time taken for the plasma 
concentration to fall by 50%. The elimination half -
 life of some drugs is very short (seconds or minutes) 
whereas for others it may be very long (weeks). 

 The half - life determines the time it will take to 
achieve steady state and is useful for determining a 
dosing regimen. However, it does not give any clue to 
the processes involved in handling of the drug, so that 
knowledge of the half - life alone cannot be used to 
make predictions about factors that are likely to affect 
the rate of elimination.   

 BOX 5.5    Half -  l ife  –   d efi nition and  c oncepts 

        •      Time taken for plasma concentration to fall by 50%  

   •      Determined by  both  volume of distribution  and  

clearance  

   •       t  1/2     =    0.7   V/CL  

   •      Used in calculation of dosing regimens  –  the 

frequency of dosing is adjusted to keep the 

fl uctuation of concentration between doses within 

acceptable limits  

   •      Steady state is reached after 4 – 5 half - lives  

   •      Time to reach 50% of steady state is one half - life 

( t  1/2 )     
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bioavailability has been defi ned in this way is because 
 rate , as well as extent, is important when comparing 
bioavailability of two pharmaceutical forms of an 
active substance to determine whether they are 
bioequivalent. Bioequivalence and comparative bio-
availability are discussed below but the absolute bio-
availability is described fi rst. 

  Bioavailability 
 It would seem that that when developing a drug that 
is intended purely for oral administration there 
would be no need to administer the drug intrave-
nously. However, the primary pharmacokinetic 
parameters cannot be determined without giving the 
drug intravenously. As drug regulators fi nd these 
parameters helpful, they like to see this information. 

 It can be assumed that the bioavailability of an 
intravenous dose is 100% and a calculation of oral 
bioavailability can therefore be obtained by compari-
son of the AUCs after oral and intravenous adminis-
tration, after correction for the exact dose:

   F
AUC

AUC

Dose

Dose
oral

iv

iv

oral

= × .   

 The AUCs can be obtained by administration of 
intravenous and oral formulations in a crossover 

effective for systemic Gram - negative infection in 
immunocompetent individuals when given once 
daily rather than three times daily for the same total 
daily dose, despite a plasma half - life of less than 2   h. 
Secondly, although traditionally pharmaceutical 
companies have tried to have the  ‘ one dose for all ’  
approach for dose selection, this may be increasingly 
hard to maintain with the increasing amount of 
genetic and related information on an individual ’ s 
capacity to handle and respond to a drug.   

  Bioavailability and  b ioequivalence 

 Bioavailability and bioequivalence are related terms 
but they can be confused. Bioavailability as defi ned 
in  ‘ Bioavailability ’  (see earlier) is also known as abso-
lute bioavailability and is simply the fraction of the 
administered dose that reaches the systemic circula-
tion; it is therefore defi ned only in terms of the  extent  
of drug absorption. However, in the Committee for 
Proprietary Medicinal Products guideline for the 
investigation of bioavailability and bioequivalence, 
bioavailability is defi ned as the  ‘ the rate and extent to 
which the active substance of therapeutic moiety is 
absorbed from a pharmaceutical form and becomes 
available at the site of action ’   [2] . The reason that 

  Table 5.1    Factors that may affect the relationship between drug concentration and effect 

        Effect     Examples  

  Pharmacokinetic 

factors  

  Long time for tissue uptake    Plasma digoxin only correlates with effect  > 6   h after dose  

  Drug trapped in tissues    Omeprazole, salmeterol: drug disappears from plasma but 

effect is long - lasting  

  Active metabolite(s)    Terfenadine: delay in onset of effect because it is mediated by 

a metabolite  

  Pharmacodynamic 

factors  

  Pharmacological tolerance    Benzodiazepines  

  Threshold effects    Anticonvulsants  

  Steepness of concentration – effect 

curve  

  LAAM  –  opioid for management of dependence  –  short 

duration of effect with high steepness  

  Effect takes time to develop through 

a chain of effects,  ‘ cascade effect ’   

  Time course of onset of action of antidepressants and 

warfarin  

  Irreversible effect    Selegiline (irreversible MAO B  inhibitor): short plasma 

half - life but effects last a week  

  Dosing factors    Drug concentration may be 

supramaximal due to high dose  

  Frusemide and penicillin, the effect is at its maximum 

throughout the dosing interval  

   LAAM, levo - alpha - acetyl - methadol; MAO, monoamine oxidase;   
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formulation from which they came. Therefore, two 
products containing the same active ingredient can 
be regarded as bioequivalent if they produce the same 
plasma concentration – time profi les. This enables 
manufacturers to market a new formulation of a 
licensed products on the basis of bioequivalence 
rather than a full clinical package. Similarly, a generic 
formulation can be licensed with the only clinical 
study being a bioequivalence study. It should be rec-
ognised that pharmacokinetic bioequivalence may 
not be a perfect surrogate for therapeutic equivalence 
because adverse reactions may differ because of bio-
logical effects of excipients. Furthermore, equivalent 
plasma concentrations may not imply indistinguish-
able clinical effects in the case of topical agents acting 
locally on the skin, lung, eye or within the gut lumen. 

 In contrast to the measurement of absolute bioa-
vailability, for which only the extent of absorption is 
important, establishment of bioequivalence requires 
demonstration that the rates of absorption are also 
indistinguishable. This can be clinically important; 
for example, a capsule formulation of phenytoin pro-
duced higher and earlier peak plasma concentrations, 
which were associated with a higher incidence of 
adverse reactions although the extent of absorption 
was similar to the standard formulation  [3] . Fortu-
nately, a comparison of plasma AUCs is universally 
accepted as a valid means of comparing the extent of 
absorption, although there is little agreement as to the 
best measure of the rate. Because peak concentration 
(Cmax ) is obviously of great importance for many 
drugs, it is generally taken as the second important 
kinetic parameter for tests of comparative bioavaila-
bility or bioequivalence. Nevertheless, as  Cmax  occurs 
at the time after drug administration ( tmax ) when the 
rate of entry of drug into the plasma equals the rate 
of its removal,  tmax  is determined by the rate of distri-
bution and elimination as well as the rate of absorp-
tion.  tmax  is also dependent on discrete sample times, 
in contrast to a continuous variable such as concen-
tration, and it therefore has less statistical power to 
refl ect a real change in absorption rate. 

 Testing of bioequivalence is an area where drug 
regulatory authorities have produced extremely de -
tailed and specifi c guidelines, not only on the design 
and conduct of the study, but also on statistical analy-
sis, sample analysis and drug sample retention. 
One reason for this is that manufacturers of generic 
medicines can obtain registration of a generic version 
of a drug of proven clinical safety and effi cacy on the 
basis of a single bioequivalence study, without the 
need to perform clinical trials of safety or effi cacy. 

study. The size of the intravenous dose should be 
reduced compared with the oral dose in proportion 
to the expected bioavailability so that the AUCs will 
be similar. This avoids assumptions about linear 
kinetics and maximises safety, because high plasma 
concentrations by the intravenous route are avoided. 
Similarly, it is appropriate to infuse the intravenous 
drug over a period comparable with the time to 
maximum concentration ( tmax ) after oral administra-
tion in order to avoid transient high peaks. 

 There may not be any intention to develop an 
intravenous formulation for therapeutic use but it 
will usually be a necessary to produce one for the 
purposes of the study. For prodrugs (i.e. where the 
main pharmacological activity comes from a metabo-
lite), the appropriate intravenous comparator is the 
active metabolite. However, there are some drugs that 
cannot be administered by the intravenous route, 
either because it would not be safe or because it is not 
technically feasible to develop a suitable formulation. 
If there is a very high recovery of unchanged drug 
in urine, it may be possible to obtain a reasonable 
estimate of absolute bioavailability from oral admin-
istration. However, metabolites in urine cannot be 
assumed to derive from drug that was bioavailable 
because they may have been formed in the gut by the 
action of intestinal bacteria, for example, and subse-
quently absorbed and excreted in urine. An alterna-
tive to intravenous administration is a reference oral 
solution; if this is not feasible, an oral suspension of 
standardised fi ne particles size may be the best option. 
Clearly, these do not enable calculation of absolute 
bioavailability but might indicate whether the test 
formulation has less than optimal bioavailability. For 
a drug that exhibits high intra - individual as well as 
inter - individual variability of clearance, or which has 
time - dependent kinetics, it may be useful to give the 
intravenous and oral formulations simultaneously. 
Drug administered by one route will need to be 
labelled with either a radioactive or stable isotope 
so drugs administered by the two routes can be 
distinguished.  

Bioequivalence
 Two medicinal products containing the same active 
ingredients are therapeutically interchangeable if they 
produce the same clinical effect. However, assessment 
of clinical response would require a clinical trial for 
every new formulation, which is simply not feasible 
or justifi able. It is reasonable to assume that the 
effects of drug molecules, once they have reached the 
systemic circulation, should be independent of the 
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netics as well as extensive product characterisation. 
For example, there may be a complex relation with 
excipients which are not thought to be therapeutically 
active. An excellent review of this subject has been 
published  [5] . Hence, in this complex area, expert 
advice will be required when reformulating a protein 
drug and ideally the formulation should be optimised 
before the fi rst human study so that all development 
continues with the one formulation. 

 It should be remembered that the role of regula-
tory authorities is to protect the public. For entirely 
justifi able reasons, they will apply very strict criteria 
to products with a low therapeutic index, non - linear 
kinetics or unfavourable physical properties. Digoxin, 
phenyotin and primidone provide notable examples 
of drugs where bioinequivalence issues have led to 
clinical problems.   

Drug interactions 

Selection of studies
 It is reasonable that data should be required to dem-
onstrate whether the response of patients to a new 
active substance is likely to change or be changed by 
concomitant medication. However, there is clearly a 
huge number of potential drug combinations and 
some rational selection is required. To assist with the 
selection of drug combinations for which data are 
required, at least the following seven questions should 
be asked.
1.     What are the ADME characteristics of the drug?     For 
drugs that are metabolised, there are a number of 
enzyme inhibitors and inducers that may potentially 
affect the same pathway. Selection of a drug interac-
tions study at the level of hepatic metabolism is 
becoming much more rational with the identifi cation 
of a variety of isozymes of hepatic cytochrome P450 
and the association of specifi c drug metabolising 
processors with each isozyme (see  ‘ Enzyme induction 
and inhibition ’ ). Similarly, a drug that is mainly 
excreted in the urine, with a renal clearance much 
greater than GFR, is likely to be actively secreted 
by the renal tubule. If the drug is an organic acid, 
probenecid is likely to reduce its elimination; if it 
is basic, its renal clearance may be reduced by 
cimetidine.  
2.     Does the drug belong to a class of compounds known 
to interact with many other drugs?     For example, drugs 
containing an imidazole ring (e.g. cimetidine and 
many antifungal agents) inhibit many reactions 
mediated by cytochrome P450. Therefore, a new 

Commercial pressures are clearly great and there have 
been a number of examples of misconduct, and a 
scandal involving gross fraud. The result is that the 
guidelines are extremely strict, and for products of 
high therapeutic index and excellent safety records 
they seem excessive. However, there is little room for 
fl exibility, and adherence to the guidelines is strongly 
recommended. Recently, the US Food and Drug 
Administration (FDA) has proposed a classifi cation 
of drug bioavailability that stratifi es the need for a 
human study, depending on the physicochemical 
characteristics of the compound and its bioavailabil-
ity. This has reduced the need for bioequivalence 
studies of minor changes in formulation of well -
 absorbed drugs with the granting of a  ‘ biowaiver ’   [4] . 
A reasonable approach to the problem is suggested as 
series of questions, provided in Table  5.2 .   

Table 5.2    Factors to be considered when deciding whether 

a new formulation requires a study to establish 

bioequivalence 

   Factors to be considered     Suggests study is required  

  Difference from reference    Substantial  

  Bioavailability    Low  

  Therapeutic index    Low  

  Kinetics    Non - linear  

  Dispersal/dissolution 

properties  

  Poor  

  Relationship to another drug    Other drug has known 

poor bioavailability or 

bioequivalence problems  

  Likely attitude of a regulatory 

authority in a commercially 

important territory  

  Authority has shown little 

fl exibility in the past  

  Importance of drug to your 

portfolio  

  Commercially important 

drug  

 Protein drugs also represent a special case. Unlike 
small molecules, two protein drugs with the same 
chemical formula (i.e. amino acid sequence) might 
have subtle changes in folding or sites of glycosyla -
tion which might affect function. Hence, regulatory 
authorities do not in general accept pharmacokinetic 
bioequivalence to license  ‘ generic ’  biopharmaceuti-
cals. For such products, the concept of  ‘ essential simi-
larity ’  is proposed, which includes some relevant 
measure of drug effect, in addition to pharmacoki-
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changes in elimination from changes in absorption as 
the reason for the change in AUC of the parent drug. 

 There are certain special cases that can seem dif-
fi cult. For example, chronic full dosing of warfarin to 
volunteers has safety concerns, and the concentra-
tions following a single standard dose can be regarded 
as subtherapeutic. To address this, a design using a 
single large dose of warfarin has been shown to be 
reliable in detecting or excluding clinically signifi cant 
interactions with warfarin  [7] .  

Enzyme induction and inhibition
 Drugs that cause induction or inhibition of enzymes 
may affect the metabolism of concomitantly admin-
istered drugs, as well as of hormones and other 
endogenous substances. For this reason, such proper-
ties are considered undesirable and sometimes they 
might constitute suffi cient reason to discontinue 
drug development. At the very least, studies will be 
required to assess the magnitude of effect of likely 
interactions. Metabolic and toxicity studies in animals 
will usually provide the basis for suspicion, and 
studies in human liver slices, cultured hepatocytes 
and microsomal preparations can be extremely valu-
able in establishing metabolic pathways and the likeli-
hood of enzyme induction or inhibition in humans. 
There have been some important developments in 
this fi eld in recent years and it is now possible to 
identify:
    •      which cytochrome P450(s) is/are responsible for 
the metabolism of the test compound; and  
   •      which cytochrome P450(s) is/are inhibited by rel-
evant multiples of the therapeutic concentrations of 
the test compound.    

 These data will help predict other drugs that may 
affect the handling of the test drug and alternatively, 
concomitant medication for which the handling, and 
hence clinical response, may be altered by administra-
tion of the test drug. There is an increasingly exten-
sive library of known inhibitors, inducers and 
substrates for each isozyme. This information can be 
used to predict which groups of drugs are unlikely to 
interact with the test drug, which can be justifi cation 
for not performing unnecessary studies. Unfortu-
nately, extrapolation from the  in vitro  data is not 
perfect and hence  in vivo  data may be required with 
a likely concomitant medication of narrow therapeu-
tic index  [8] . 

 Once the  in vitro  screen has been performed, it is 
an increasingly common practice to use well - validated 
markers of each individual cytochrome P450 in order 
to make generalisations about the presence or lack of 

compound of this chemical class is likely to behave 
similarly, and evaluation of its potential interactions 
will be required.  
3.     What is the therapeutic index of the drug?     If the 
drug has a low therapeutic index, interactions are 
much more likely to have clinical consequences, so a 
variety of kinetic studies will be needed.  
4.     Is the drug likely to be co - prescribed with a drug of 
narrow therapeutic index?     For example, a drug for 
angina, cardiac failure or an anti - arrhythmic agent is 
likely to be co - prescribed with warfarin. If there is any 
evidence of enzyme induction or inhibition, a clinical 
study with warfarin may be required.  
5.     What are the chances of the drug being co - prescribed 
with a wide range of medicines?     A drug that is to be 
given to young adults in single doses (e.g. for 
migraine) is far less likely to cause many clinically 
signifi cant interactions than one that is intended for 
long - term administration, particularly in an elderly 
population who often receive several concomitant 
medications.  
6.     Pharmacodynamics     Although this chapter con-
centrates on clinical pharmacokinetics, it would be 
wrong to omit mention of pharmacodynamic inter-
actions in a section on drug interactions. It is diffi cult 
to generalise, but drugs with marked pharmacologi-
cal effects, particularly on the cardiovascular system 
and CNS, are potentially subject to clinically impor-
tant pharmacodynamic interactions.  
7.     Does the drug share a common mechanism of 
absorption or disposition with another likely co -
 prescribed drug?     Two drugs that are intended to be 
co - administered might compete for active absorption 
or a common route of elimination.     

Study design
 There are several factors to take into account in the 
design of drug interaction studies  [6] . Single - dose 
studies have been criticised but may be useful to 
exclude major effects. If an interaction is detected 
with single doses, it may be necessary to conduct a 
study at steady state, mimicking the dosage used in 
clinical practice to determine the true clinical conse-
quences of interaction. 

 Whenever possible, interaction studies should 
not only be pharmacokinetic but should also include 
pharmacodynamic measurements in order to assess 
the likely clinical effect of an observed pharmacoki-
netic interaction. Furthermore, if possible the design 
should go some way to explaining the mechanism of 
interaction. For example, measurement of a metabo-
lite in plasma or urine may help to distinguish 



124 Chapter 5 

(e.g. warfarin – phenylbutazone and tolbutamide –
 sulphonamide interactions). If the drug is highly 
protein bound, screening  in vitro  for protein binding 
displacement may help guide a search for suitable 
probe drugs to assess the clinical effect. However, dis-
placement  in vitro  does not necessarily mean a clini-
cally signifi cant interaction  in vivo . This subject and 
the implications for drug development have been 
reviewed elsewhere  [10] .   

The elderly

 The elderly, who for the purposes of drug regulation 
are generally defi ned as over 64 years of age, are a 
disproportionately large group of consumers of med-
icines. In the industrialised world the proportion of 
the elderly in the population is increasing and will 
continue to do so for at least the next quarter of a 
century. Many drugs in development, such as those 
for ischaemic and degenerative diseases, are targeted 
almost exclusively at the elderly. It therefore becomes 
much more than a  ‘ box - checking exercise ’  to evaluate 
both the dynamics and kinetics of new active sub-
stances in this population. 

 Age - related differences in pharmacokinetics be -
tween the elderly and young are primarily caused by:
    •      diminished renal function;  
   •      altered proportions of body fat and water;  
   •      reduced cardiac output;  
   •      some degree of altered hepatic metabolism;  
   •      disease;  
   •      general debility; or  
   •      concomitant medication.    

 For a drug that is to be developed for a disease that 
occurs mainly in the elderly, it is often advisable to 
evaluate tolerability and pharmacokinetics in healthy 
elderly volunteers before clinical trials in the patient 
population. Dosage may need to be reduced and par-
ticular care taken when the kidney is the major organ 
of elimination, which should be established in the 
healthy young before administration to the elderly. It 
should be remembered that the GFR in the healthy 
elderly with normal plasma creatinine and urea is 
generally much lower than that in the young. One 
reason why  ‘ healthy elderly ’  studies have attracted 
heavy criticism is that the carefully selected, well -
 preserved subjects with normal ECGs, laboratory 
results and physical examinations do not really 
resemble the frail heterogeneous elderly population 
that they are meant to represent. This might result in 
a poor appreciation of the range of pharmacokinetic 

interactions of a certain group of compounds. Several 
reference probe compounds can even be given simul-
taneously using the  ‘ cocktail ’  approach so that, for 
example, the presence of absence of an effect of the 
test compound on several cytochrome P450s can 
be studied conveniently in a single human study. 
This can be a powerful tool and can be very cost -
 effective  [9] . 

 One potentially serious consequence of enzyme 
induction relates to the oral contraceptive pill, which 
may be rendered ineffective by induction of its 
metabolism. The effect of a period of drug adminis-
tration on circulating concentrations of the appropri-
ate oestrogen and progestogens over the course of 
menstrual cycles may be examined in women taking 
the oral contraceptive pill, with additional non -
 hormonal precautions taken to avoid unwanted 
pregnancy. 

 Another approach is to investigate whether the 
drug causes autoinduction  –  whether its own clear-
ance is increased by a period of drug administration 
compared with that after a single dose. This has 
implications for starting and maintenance dosage of 
the drug, as well as potentially for other drugs. 

 Environmental factors that may affect drug han-
dling include changes in the diet (barbecued meat 
causes enzyme induction; grapefruit juice and some 
other fruit juices can inhibit cytochrome P450 
3A4); the herbal St John ’ s wort causes signifi cant 
enzyme induction; smoking (induction) and alcohol 
(acutely causes inhibition; chronically causes induc-
tion), and these must be avoided for a period before 
the study and until its completion. The duration of 
dosing with the test drug also needs some considera-
tion. While enzyme inhibition may occur after a 
single dose, it may take 7 – 10 days for enzyme induc-
tion to be fully develop as the new protein synthesis 
occurs.  

Protein  binding
 Although at one time, displacement from plasma 
protein binding sites was thought to be an important 
cause of clinically signifi cant drug interactions, it is 
now recognised that it is only likely at most to 
produce a temporary increase in drug effect in most 
drugs. It is only for a very few drugs that alterations 
in protein binding may be clinically important, 
and only following intravenous administration. For 
clinically signifi cant drug interactions that have 
been attributed to displacement of plasma protein 
binding, alternative mechanisms, such as inhibition 
of metabolism, have been found to be responsible 
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the parent drug ( ‘ the futile cycle ’ ). In the light of these 
examples, it is reasonable that if the drug is to be 
prescribed to patients with renal impairment, an 
appropriate study should be performed even for 
drugs that are highly metabolised. 

 A single - dose study is usually conducted before 
patients with chronic renal failure are included in 
clinical trials. The dose employed can be similar to 
that used for studies in subjects with normal renal 
function because  Cmax  is unlikely to be increased 
greatly. The study of pharmacokinetics and tolerabil-
ity at steady state may then be necessary, for which a 
lower dosage should be used if clearance was shown 
to be reduced in the initial study. When it is expected 
that renal disease will have only a modest effect 
on drug handling, it may be suffi cient to compare 
the pharmacokinetics in a group of patients with 
advanced renal disease with those in healthy control 
subjects. However, when the kidney is the main organ 
of elimination, it would usually be necessary to 
examine the changes in kinetics in several groups of 
patients graded with respect to renal function. The 
effect of dialysis in patients with end stage renal 
disease should also be investigated.  

Liver disease

 As with renal impairment, a study in patients with 
liver disease is required to avoid a contraindication in 
this patient population. Unlike renal disease, there is 
no single clinical variable that can be used to predict 
reliably the extent of change of hepatic drug clearance 
of a given compound. However, the most widely used 
is the Child – Pugh classifi cation  [13] , which is based 
on several clinical and laboratory variables and has 
been useful in producing dosing information. In 
general, drug handling is more likely to be affected in 
advanced decompensated cirrhosis than when the 
disease is well compensated. Reactions mediated by 
mixed function oxidases (phase 1) are thought to be 
affected earlier in the disease and to a greater extent 
than are large capacity conjugation (phase 2) reac-
tions. Alcohol further complicates the metabolic 
picture because it has a signifi cant enzyme - inducing 
effect when taken chronically but when present in 
high concentrations it may acutely inhibit oxidative 
capacity. 

 In addition to changes in clearance, drug distribu-
tion may be altered in liver disease by the resulting 
low plasma protein concentrations and ascites. Intra-
hepatic and extrahepatic cholestasis are also likely to 

alterations in the elderly patient group  [11] . It has 
been suggested in an FDA guideline  [12]  that the 
 ‘ population approach ’  can be adopted to obtain 
information about pharmacokinetics in the elderly. 
Although this approach has a certain appeal, it also 
has serious drawbacks. This subject is discussed later 
in  ‘ Population analysis ’ .  

Renal impairment

 As the kidney is one of the major organs of drug 
elimination, renal impairment is likely to affect the 
kinetics of many drugs. Although a wide range of 
processes (fi ltration, tubular secretion, and active 
and passive tubular reabsorption) underlie renal drug 
handling, the overall renal clearance of drugs gener-
ally declines in parallel with GFR or creatinine clear-
ance (the intact nephron hypothesis). However, the 
extent to which this affects total clearance depends on 
the proportion of renal clearance to total clearance. 
Pharmacokinetic studies in patients with renal 
impairment might therefore seem to be redundant 
for drugs that are cleared predominantly by non -
 renal processes, but experience has shown that studies 
may still be needed. For example, if a highly metabo-
lised compound has a renally cleared metabolite with 
pharmacological activity, metabolite accumulation 
will occur if standard doses are given. Clinically sig-
nifi cant effects resulting from an accumulation of an 
active metabolite from a highly metabolised drug 
include:
    •      seizures produced by the accumulation of nor-
pethidine after administration of pethidine;  
   •      toxicity from thiocyanate accumulation following 
administration of nitroprusside;  
   •      rash and allergy from accumulation of oxipurinol 
following administration of allopurinol; and  
   •      narcosis from morphine 6 - glucuronide after 
administration of morphine.    

 Even when the major metabolite is inactive, 
clinically important pharmacokinetic changes for 
metabolised drugs may occur in patients with renal 
failure. The non - steroidal anti - infl ammatory drugs 
that derive from propionic acid (e.g. ibuprofen, 
naproxen, ketoprofen, indoprofen and benoxaprofen) 
are metabolised to ester glucuronides in the liver. 
These are inactive and are normally rapidly elimi-
nated by the kidney. However, when renal function is 
impaired, elimination of the glucuronide is delayed 
and plasma esterases convert the metabolite back into 
the parent compound, producing accumulation of 
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manner for studies in humans. The study should be 
conducted in between four and eight consenting sub-
jects, in facilities where any spills of radiolabelled 
materials can be contained and monitored. Normally, 
subjects will be required to provide blood samples 
and to collect all excreta for a period determined 
by the known or estimated half - lives of the parent 
compound and metabolite. With cooperative sub-
jects, recoveries of radioactivity should be close to 
100%. Samples will be assayed for radioactivity and 
by standard chromatographic methods, and every 
attempt should be made to identify major metabo-
lites which may be revealed by radiochromatographic 
profi ling. 

 The study should provide unique information on 
the plasma – concentration profi les of parent drug 
and metabolite. The rates and extended excretion in 
urine, faeces and, if appropriate, expired air can be 
defi ned. 

 Given the increasing public concern over radioac-
tivity, it is becoming increasingly diffi cult to recruit 
adequate numbers of subjects to such studies. A new 
approach to undertaking these studies has recently 
become available. In conventional studies, drug -
 related material is detected by measuring the disinte-
gration of  14 C. Accelerator mass spectrometry, in 
contrast, can count individual atoms of  14 C and this 
can enable measurements of  14 C concentrations even 
when the dose is reduced by a thousand - fold or more 
compared with conventional studies. Such low doses 
may not require ARSAC approval or specifi c meas-
ures for dispensing of study drugs  [14] .  

Pharmacokinetic–pharmacodynamic
modelling

 There is usually a relationship between drug concen-
tration and the effect. Although the relationship 
might be simple, sometimes it is not obvious and may 
be complex. For example, as we are usually assaying 
plasma, time delay for drug to reach the active site 
might obscure the underlying relationship between 
effect and the concentration at the active site (which 
we usually cannot measure). Similar complications 
arise with the impact of active metabolites or the 
development of tolerance. However, data analytical 
tools, generally collectively referred to as pharmacok-
inetic – pharmacodynamic (PK - PD) modelling, can 
be used to extract the underlying relationship  [15,16] . 
If such a relationship is found, this is potentially very 
powerful as it enables extrapolation of the effect 

affect biliary transport of more drugs and studies 
in patients with these conditions may need to be 
considered for some drugs. Bioavailability may be 
increased by portal – systemic shunting allowing 
absorbed drug to escape fi rst - pass metabolism. Phar-
macodynamic changes that are not related directly to 
alterations in pharmacokinetics also occur in liver 
disease (e.g. increased sensitivity to anticoagulants). 

 When designing a pharmacokinetic study in 
patients with liver disease, it is important to keep the 
target population for the disease indication in mind. 
Patients with severe liver disease are ill, and may not 
be likely to take medications for relatively minor ill-
nesses. This is in contrast to patients with advanced 
renal failure, who may be otherwise relatively well. 
Given that the hepatic drug handling for a highly 
metabolised drug may be disturbed by advanced liver 
disease in a highly unpredictable manner (unlike 
in renal disease), it may be prudent to limit a study 
with the test drug to patients with relatively mild and 
compensated cirrhosis rather than decompensated 
cirrhosis, where marked changes and perhaps ad  -
verse clinical consequences could be expected. This 
restricted approach might be appropriate for a non -
 life - threatening indication (e.g. migraine) but for the 
treatment of Gram - negative sepsis it would be essen-
tial to study the kinetics and tolerability in advanced 
liver disease.  

Disposition,  rates and routes of 
elimination of radiolabelled drug

 In the development of most new active substances, it 
is required to investigate the disposition of the com-
pound and its metabolite(s) and their rates and 
routes of elimination. This is generally carried out 
with radiolabelled compound, usually  14 C. In the 
UK, approval of the Administration of Radioactive 
Substances Advisory Committee (ARSAC) is required 
for administration of radiolabelled compound to 
humans. The purpose of the submission is to dem-
onstrate that the dose of absorbed radiation is mini-
mised by administration of the lowest dose that is 
consistent with meeting the objectives of the study. In 
general, the estimated absorbed radiation dose should 
be less than 500    μ Sv, but higher amounts are permis-
sible if they can be justifi ed. The estimate is based on 
tissue distribution of radioactivity in animals and the 
pharmacokinetics in animals and humans. 

 In addition to ARSAC approval, the protocol must 
also be approved by ethics committees in the normal 
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lation in which the PK and/or PD characteristics and 
PK - PD relationship of a drug are investigated in a 
population of subjects, and the factors associated 
with between -  and within - subject variability are 
sought. Such factors could include gender, age, race, 
smoking status, body weight, concomitant medica-
tions, genetics, abnormal liver function tests. It is also 
possible to examine whether altered pharmacokinet-
ics are associated with altered effi cacy or safety (i.e. 
making a population PK - PD model). Although this 
form of analysis can be performed within a single 
(usually large) trial, it is also particularly helpful to 
include the data from subjects in all trials, including 
small data - rich phase I and II studies with the large 
but less data - rich phase III studies. Such an analysis 
may be a powerful tool with which to justify an 
overall dosing regimen or a dosing recommendation 
for special patient groups, and is favoured by the FDA 
for this purpose  [17] . 

 In order to appreciate the difference in approach, 
it is necessary to describe how pharmacokinetic anal-
ysis is traditionally performed. In a typical conven-
tional pharmacokinetic study, a large number of 
samples is taken from a limited number of subjects 
and pharmacokinetic parameters are calculated for 
each individual, with estimation of errors associated 
with these calculations. Average values of each 
parameter can then be calculated for the group. 

 By contrast, in the population approach, the raw 
data set that is analysed consists of concentration –
 time points (and other necessary data such as demo-
graphic information) taken from a large number (up 
to hundreds to thousands) of patients. Only a few 
data points (perhaps 1 – 4) may have been obtained 
from patients in phase II and/or phase III trials. Even 
with these few samples, it is possible to estimate the 

(which is often hard to measure) from plasma con-
centration (which is usually easier to measure). 
Dosing recommendation for special patient groups 
(e.g. children, those with organ impairment) may be 
based on such models. PK - PD analysis has been used 
to support the licensing of a dose that was not one 
of the doses tested in pivotal studies but an interme-
diate dose. The FDA has also stated that a  ‘ well -
 characterised ’  PK - PD relationship might be the sup-
porting evidence of effi cacy additional to one clinical 
trial proposed under the Modernisation Act.  

Population  analysis

 The usual way to examine the effect of a clinical vari-
able (e.g. age, disease, concomitant medication) on 
the pharmacokinetics of a drug is to perform a small 
controlled study in which the experimental and 
control groups are homogeneous and closely matched 
and differ only in the variable of interest. This classic 
scientifi c method is well accepted by the scientifi c and 
regulatory communities and enables examination of 
a variable in a small group of subjects before includ-
ing patients with that variable in a large clinical trial. 
However, there are some defi ciencies with this 
approach. Perhaps the most important is that the 
small sample may not be truly representative of the 
population intended (see  ‘ The elderly ’ ). A summary 
of some of the advantages and diffi culties of the tra-
ditional approach is given in Table  5.3 .   

 An alternative method for searching for factors 
affecting variability in pharmacokinetics is the popu-
lation approach. This refers to a technique in which 
estimates of individual pharmacokinetic parameters 
are made from subjects from a potentially large popu-

Table 5.3    Advantages and diffi culties of detailed pharmacokinetic studies in small groups of subjects  –  

the traditional approach 

   Advantages     Diffi culties  

  Well accepted    Not usually useful for  ‘ screening ’   

  Provides rich and high quality data    Frequent sampling is very diffi cult in patients in large 

clinical trials or in children  
  Causation between factor and altered pharmacokinetics to be 

established (e.g. in interaction studies)    Relationship between altered pharmacokinetics and 

clinical response cannot be examined directly  
  Early results from specifi c studies enable expansion of patient 

population in phase III studies; not usually diffi cult to 

perform  

  Study sample usually does not represent the target 

population

  Relatively straightforward and simple data analysis    Small sample may fail to elicit extremes of altered kinetics  
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age, concomitant medica  tion or gender on the drug ’ s 
pharmacokinetics, or pharmacodynamics. 

 The decision to utilise a population approach 
should preferably be made early in the development 
of a drug to allow for the maximisation of its benefi ts. 
Preferably, data should be pooled starting with the 
early studies in healthy volunteers and new data 
should be added to the database, data analysis carried 
out and the previous results challenged. By doing so, 
the knowledge of the drug will accumulate through-
out its development, which will aid the developmen-
tal process by supporting the design of future studies 
and allowing timely scientifi c and strategic decision -
 making based on all available information. The 
results of a population pharmacokinetic analysis may 
not be available until several months after the end of 
the main phase III trials programme. This is likely to 
be around the time of the regulatory submission, and 
it is very late to fi nd out about important clinical 
variables that affect handling of the drug. A way 
around this is to use only part of the patient popula-
tion from the phase III trial(s) and to carry out the 
data analysis while the clinical programme is still 
ongoing. In this case, careful consideration has to be 
placed on the issue of blinding and dispersion of 
results prior to fi nalisation of phase III trial. 

 The population approach has found widespread 
application throughout all phases of drug develop-
ment, and is generally perceived as benefi cial for the 
development and approval of drugs  [18 – 23] . With 
the accumulation of experience in this fi eld, increased 
understanding and appreciation by drug developers, 
and combined with feedback from regulators it may 
be expected that population analysis will be used 
increasingly in the future. At present the most appeal-
ing way forward appears to be a judicious mix of 
the traditional approach combined with population 
analysis in an interactive fashion, as data accumulate 
throughout the drug development process. A 
summary of some of the advantages and diffi culties 
of the population approach is given in Table  5.4 .    

The rest of the typical clinical
pharmacokinetics package

 Box  5.6  lists the elements of a typical clinical pharma-
cokinetics package for a systemically acting drug. Not 
all will be required for every submission, but omissions 
do need to be justifi ed. Topically administered drugs 
with local action, and sustained - release drugs, are 
special cases that require a specialised approach.    

individual pharmacokinetic characteristics of each 
subject and hence a measure of the mean parameters 
and their variability can be assessed. If an effect on 
pharmacokinetics is found, its consequence may be 
examined by looking for altered effi cacy or safety 
which may not be possible in a traditional volunteer 
study. This might lead to demonstration of a thera-
peutic concentration range. 

 When planning to incorporate a population PK 
or PK - PD analysis some extra resource is required 
(e.g. to collect, transport and assay large number of 
samples  –  may be thousands), in studies where, tra-
ditionally, pharmacokinetic sampling had not been 
carried out in the past (e.g. phase III trials). For a 
meaningful analysis to be performed, the patient 
needs to be asked when the last dose (and perhaps 
one or two preceding ones) were taken in relation to 
the sample and this is to be recorded in the Clinical 
Report Form. How much dosing information is 
needed is governed by the pharmacokinetic charac-
teristics of the drug. From a technical point of view, 
large databases need powerful computers and user -
 friendly software to avoid very time - consuming data 
analysis and to allow for the inclusion of phase III 
data in the analysis. Even if these matters are resolved, 
the lack of people with the necessary expertise, both 
at pharmaceutical companies and regulatory agen-
cies, may be limiting. 

 As with any technique there are some diffi culties. 
The demonstration of a statistical association does not 
necessarily imply causation. If a clinical variable is 
associated with altered pharmacokinetics, it might be 
necessary to perform a specifi c study to confi rm or 
refute this as it could be a chance fi nding. The approach 
may not be appropriate to safely explore clinical vari-
ables that are likely to have a major effect on pharma-
cokinetics. For example, for a renally cleared drug 
which is likely to require a reduced dose in patients 
with renal failure, it may be necessary, for safety 
reasons, to perform a careful traditional pharmacoki-
netic study to determine the appropriate dosing 
regimen before these patients can be included in the 
main phase III trials. The FDA has suggested that the 
population method is a suitable method with which to 
explore the changes in pharmacokinetics in the elderly, 
but because age is often associated with altered phar-
macokinetics, it is often necessary, again for safety 
reasons, to explore this before in  cluding elderly 
patients in the main effi cacy studies using a standard 
dose. However, the results of a population analysis may 
eliminate the need for several smaller studies by 
answering questions relating to, for example, impact of 
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selected for clinical development, this can lead to a 
smoother clinical development programme, fewer 
regulatory concerns, a more straightforward datash-
eet and, ultimately, better clinical utility. In today ’ s 
competitive marketplace such characteristics may be 
key determinants of commercial success. A summary 
of some desirable pharmacokinetic characteristics, 
along with the reasons for those characteristics, is 
given in Box  5.7 .    

Role of pharmacokinetic properties 
in determining a dosage regimen

 Determining the optimal dosing regimen for a new 
drug can be very diffi cult. However, considerable 
commercial superiority can be obtained by one drug 
over another by thoughtful selection of the dosing 
regimen, even if the two drugs have comparable 
pharmacokinetic and pharmacodynamic properties. 
Because pharmacokinetic properties of the drug 
determine the time course of plasma concentration, 
it is obvious that this information will have some role 
in determining a dosing regimen. However, there are 
many other important types of information that are 
also relevant in determining a dosing regimen, and 
excessive reliance on pharmacokinetic properties 
alone can result in a suboptimal dosing regimen. 
There is not space here for a full discussion of all of 
the factors that go into designing a dosing regimen, 
but a diagrammatic representation of the factors and 
their categories is presented in Figure  5.4 (b).  

Table 5.4    Advantages and cautions/diffi culties of the population approach 

   Advantages     Cautions/diffi culties  

  Allows gathering of data in target population    Not widely understood and appreciated methodology  

  Can be used for screening for the effect of a large number of 

variables to identify factors important for variability and thus 

dosing

  Can demonstrate correlation but not causation  

  Provides a tool to predict (e.g. different dosing regimens) and 

the PK of an individual from clinical/demographic data  

  Logistically challenging with large number of plasma 

samples, exact sample times and dosing history required  

  Possible to establish relationship between concentration, clinical 

response and adverse reactions using a large patient population  

  If this is to be obtained from the last phase III trial, it 

may require late changes to the dossier or become 

rate - limiting in submission  

  Limited sampling per patient makes the technique particularly 

appealing for studies in vulnerable patient groups (e.g. the 

elderly and children)  

  Technically diffi cult; complex software; limited number 

experienced operators  

   PK, pharmacokinetics.   

BOX 5.6    The  c linical  p harmacokinetics  r egulatory 

 s ubmission 

1.     Single - dose pharmacokinetics including 

relationship between dose and plasma 

concentration, absorption rate, total, metabolic and 

renal clearance, volume of distribution, elimination 

rate constant and half - life  

2.     Multiple - dose pharmacokinetics  

3.     Dose proportionately  

4.     Absolute bioavailability by a given route  

5.     Bioequivalence of any particular formulation 

compared with standard formulation used in 

clinical trials  

6.     Identifi cation and pharmacokinetics of major 

metabolites, often using radiolabelled drug  

7.     Interactions with other drugs likely to be 

administered concomitantly, including enzyme 

induction and inhibition  

8.     Pharmacokinetics in specifi c populations to 

demonstrate the effect of age and disease on 

kinetics (e.g. young, elderly, patients with renal 

failure, liver disease, cardiac failure)     

The ideal drug from the  point of 
view of pharmacokinetics

 There are many examples of drugs that are successful 
in the marketplace but which have less than optimal 
pharmacokinetics. However, when a compound that 
has desirable pharmacokinetic characteristics is 
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based on a biopharmaceutics classifi cation system . 

 Rockville, MD :  FDA ;  2000 .  

     5.       Schellekens   H  .  Bioequivalence and the immunogenicity 
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parative effects of ranitidine and cimetidine on the phar-

macokinetics and pharmacodynamics of warfarin .  Eur J 
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     9.       Frye   RF  ,   Matzke   GR  ,   Adedoyin   A  , et al.  Validation of the 

fi ve - drug  ‘ Pittsburg Cocktail ’  approach for assessment of 

selective regulation of drug - metabolising enzymes .  Eur 

J Clin Pharmacol .  1977 ; 62 : 365  –  76 .  

  10.       Rolan   PE  .  Plasma protein binding displacement interac-

tions: why are they still regarded as clinically important?  

 Br J Clin Pharmacol .  1994 ; 37 : 125  –  8 .  

  11.       Lacey   JH  ,   Mitchell - Heggs   P  ,   Montgomery   D  , et al. 

 Guidelines for medical experiments on non - patient 

human volunteers over the age of 65 years .  J Pharm Med . 

 1991 ; 1 : 281  –  8 .  

  12.      Food and Drug Administration (FDA) .  Guidance for 

industry: Study of drugs likely to be used in the elderly . 

 Rockville, MD :  FDA ;  1989 .  

  13.      Food and Drug Administration (FDA) .  Guidance 

for industry. Pharmacokinetics in patients with im -

paired hepatic function: study design, data analysis and 

impact on dosing and labelling .  Rockville, MD :  FDA ; 

 1999 .  

  14.     Available from:  www.xceleron.co.uk   

  15.       Colburn   WA  .  Combined pharmacokinetic/pharmaco-

dynamic (PK/PD) modelling .  J Clin Pharmacol .  1988 ;

 28 : 769  –  71 .  

  16.       Sheiner   LB  ,   Stanski   DR  ,   Vozeh   S  , et al.  Simultaneous 

modelling of pharmacokinetics and pharmacodynam-

ics: applications, to d - tubocurarine .  Clin Pharmacol 

Ther .  1979 ; 25 : 358  –  71 .  

  17.      Food and Drug Administration (FDA) .  Guidance for 

industry. Population pharmacokinetics .  Rockville, MD : 

 FDA ;  1999 .  

  18.       Steimer   JL  ,   Vozeh   S  ,   Racine - Poon   A  , et al.  The popula-

tion approach: rationale, methods and applications 

in clinical pharmacology and drug development . 

In:   Welling   PE  ,   Balant   LP  , editors.  Handbook of experi-

mental pharmacology .  Springer - Verlag ;  1994 . pp.  110 , 

405 – 51.  

  19.       Samara   E  ,   Granneman   R  .  Role of population pharma-

cokinetics in drug development: a pharmaceutical per-

spective .  Clin Pharmacokinet .  1997 ; 4 : 294  –  312 .  

Conclusions

 To summarise, pharmacokinetics describes the 
absorption, distribution, metabolism and excretion 
of a drug by the body. Plasma concentration profi les, 
and in particular half - life, are important factors to 
consider in designing a dosage regimen. Calculation 
of primary pharmacokinetic parameters such as 
clearance and volume of distribution can provide 
insight into the physiological processes affecting 
plasma concentrations and enable some predictions 
to be made about the effects of age, disease and con-
comitant medication of these concentrations. The 
clinical pharmacokinetic regulatory package can 
therefore be assembled in a rational manner, provid-
ing sound support for the clinical trials regulatory 
submission. Increasingly, a global model of linking 
pharmacokinetics to pharmacodynamics is a source 
of competitive advantage, allowing more rational 
dose selection, especially for special patient groups, 
and assisting regulatory review.  
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Introduction  – the  history of 
biologics development

 Humulin, human insulin produced by recombinant 
DNA technology, was the fi rst biopharmaceutical to 
be approved by the US Food and Drug Administra-
tion (FDA) in 1982. Over the following 10 – 15 years 
many  ‘ replacement products ’  were approved, includ-
ing recombinant human growth hormone to replace 
the human cadaver pituitary - derived protein and 
for use in children with Turner ’ s syndrome defi cient 
in growth hormone. Recombinant human coag-
ulation products such as factor VIII to replace 
human cryopreserved products, and a variety of 
recombinant human hormones such as follicle stimu-
lating hormone were also approved during this 
period. Recombinant DNA technology made availa-
ble for therapeutic use proteins such as erythropoie-
tin, several cytokines (e.g. interleukin - 2), the colony 
stimulating factors (G - CSF and GM - CSF), interfer-
ons beta and gamma, insulin - like growth factor - 1, a 
variety of coagulation factors, parathyroid hormone 
and a variety of enzyme replacement therapies for 
genetic defi ciency diseases. 

 The next iteration of the technology was to modify 
and  ‘ improve ’  on the endogenous protein and alter its 
pharmacokinetic – pharmacodynamic (PK - PD) char-
acteristics, either by altering the rate of onset of phar-
macodynamic response or altering the plasma 
clearance. Examples include the insulin analogues 
(Insulin LysPor fi rst approved in 1996), a PEGylated 
growth hormone analogue (PEGvisomant approved 
in 2002) and PEGylated G - CSF (PEGfi lgrastim also 

approved in 2002). PEGylation is the process of cova-
lent attachment of polyethylene glycol polymer 
chains to another molecule, such as a therapeutic 
protein. Attachment of PEG can  ‘ mask ’  the protein 
from the host ’ s immune system (reduced immuno-
genicity) and reduce renal clearance of small peptides 
thereby prolonging the serum half - life. There are 
many more  ‘ half - life extended ’  mimetics of endog-
enous human proteins currently in development 
using a variety of novel half - life extension strategies, 
and the impact of these modifi cations on immuno-
genicity, safety and effi cacy will become apparent 
over the coming years. 

 Over the last 25 years, monoclonal antibodies 
(mAb) and antibody - related therapies have also 
been introduced as protein therapeutics for a variety 
of oncology and immune - related indications (e.g. 
rheumatoid arthritis, psoriasis, multiple sclerosis, 
asthma). Normal immunisation with a  ‘ foreign ’  
protein (antigen) produces a polyclonal response that 
consists of many B cells, each producing a specifi c 
(monoclonal) antibody against the antigen. Recom-
binant DNA technology has allowed the development 
and production of mAb directed at a specifi c binding 
site on a target protein, either to neutralise or enhance 
the activity of the target protein. The typical structure 
of an antibody is shown in Figure  6.1 a. The variable 
regions (Fab fragment) contain the complementarity 
determining regions which confer the binding char-
acteristics (idiotype) to an epitope on the target 
antigen. For a mAb only one epitope is recognised 
and the two fab regions may bind to two antigens 
simultaneously. The so - called heavy chains of the 



Biological therapeutics 133

impact on Fc effector function and immunogenicity. 
Antibodies (and serum albumin) are protected from 
enzymic degradation in the lysosome by the FcRn 
receptor binding epitope expressed on the heavy 
chain(s)  [1] . During the normal process of pinocyto-
sis, antibodies are taken up into the lysosome and 

antibody contain the regions responsible for func-
tional activity of the antibody (e.g. recruitment of 
effector cells such as natural killer cells or macro-
phages through binding to the Fc receptors on these 
effector cells). Antibodies are glycoproteins and the 
Fc regions have a N - glycosylation site that can also 

     Figure 6.1     (a) Outline structure of a monoclonal antibody. (b) Structure of mouse, chimeric, humanised and human 

monoclonal antibodies.  

Chimeric antibodies (suffix – iximab) are composed of murine variable regions fused onto 
human constant regions resulting in antibodies which are about 65% human. Humanised 
antibodies (suffix –zumab) are produced by grafting the complementarity determining regions 
(CDR) into human antibodies together with the introduction of some mutations to optimise 
target binding affinity. This results in an antibody which is about 95% human origin and 
reduced immunogenicity compared with chimeric antibodies. Human monoclonal antibodies 
(suffix – umab) are produced using either transgenic mice or phage display libraries. 

(b)

Antibodies or immunoglobulins are large 
glycoproteins of about 150 kDa consisting 
of 4 peptide chains (two light and two 
heavy chains); joined covalently by 
disulphide bridges and by electrochemical 
interaction. 

The antigen binding site is part of the so 
called hypervariable region and contains 
the complementarity determining regions 
(CDR) which bind/recognise an epitope on 
the antigen. This part of the molecule, 
associated with antigen binding, is known 
as the fab fragment

Functional activity of the antibody (Fc 
receptor binding) and protection from 
degradation at pH6 (FcRn binding ) is 
conferred by the Fc part (contained within 
the two heavy chains)

Fc regions contain a highly conserved N -
glycosylation site ; modification of this site 
can alter Fc function
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bind tightly to the FcRn receptor at pH6.0 which 
protects the antibody from enzymatic degradation in 
the lysosome. On re - circulation to the cell surface the 
antibody is released, thereby escaping proteolysis.   

 Orthoclone (muromomab), a mouse monoclonal 
antibody against CD3, was fi rst approved for clinical 
use in 1986. However, immunogenicity to this mouse 
protein prompted the development of subsequent 
chimeric mAbs ( - ximab, e.g. rituximab, anti - CD20), 
humanised ( - zumab, e.g. pavilizumab, trastuzumab, 
omalizumab, efalizumab) or fully human ( - umab, the 
fi rst being adalimumab, approved in 2002) (Figure 
 6.1 b). The fi rst mAb products were of the immu-
noglobulin G1 (IgG1) isotype but other isotypes, 
selected to confer either some functional or safety 
advantage, have now also been approved (e.g. IgG4, 
natalizumab; IgG2, panitumumab and denosumab). 
Engineered versions of endogenous IgG isotypes have 
also recently been approved or are in development. 
The intention of such products is to improve PK - PD 
behaviour, functionality, effi cacy, immunogenicity, 
safety and sometimes to avoid intellectual property 
hurdles. Fc fusion proteins are one example of 
this  ‘ engineering ’  concept and take advantage of 
the protection offered by FcRn binding; the thera-
peutic protein is fused with the Fc domain of an 
antibody; protecting the therapeutic protein from 
proteolysis and prolonging exposure to the therapeu-
tic protein. Fc fusion products ( - cept) include etaner-
cept (TNFR2 - Fc fusion), abatacept (CTLA4 - Fc 
fusion) and rilonacept (IL - 1R1 - Fc fusion). Other next - 
generation products include certolizumab (TNF -
 specifi c PEGylated Fab) and catumaxomab (CD3 and 
EPCAM specifi c mouse - rat hybrid). 

 The fi eld is continuing to evolve rapidly and prod-
ucts in development include mAbs with altered glyso-
sylation (aglycosylated and afucosylated to abrogate 
and enhance Fc effector function, respectively), Fc 
mutations to  ‘ silence ’  or enhance Fc effector function, 
bispecifi c and trispecifc antibody - related products 
and fragments, single domain antibody - related prod-
ucts which may be univalent, divalent or multivalent 
with or without half - life extensions, and antibody -
 drug/radioisotope conjugates to achieve better target-
ing of anticancer therapy. Products with binding 
protein functionality similar to antibodies, but based 
on novel protein scaffolds, are also in development 
such as anticalins, fi bronectins and ankyrins. As 
for the therapeutic proteins, clinical experience will 
reveal the impact of such glycoprotein engineering on 
pharmacokinetic behaviour, functionality, effi cacy, 
immunogenicity and safety. As monoclonal antibod-

ies and products that have antibody - like characteris-
tics will form an increasing part of the therapeutic 
arsenal, the rest of this chapter is devoted to under-
standing these protein therapeutics.  

Differences  between ‘chemical’
and ‘biological’ molecules

 There are many key differences between small molec-
ular weight chemical new chemical entities (SMW 
NCEs) and biological therapeutics, apart from the 
obvious difference of size (Table  6.1 ). Chemical pro-
duction processes produce a homogeneous well -
 defi ned product. Protein therapeutics on the other 
hand are produced by recombinant DNA technology 
(Box  6.1 ) using a variety of prokaryotic and mam-
malian cell expression systems and the biological pro-
duction process introduces some natural heterogeneity 
in the product  [2] . Product heterogeneity leads to a 
need for thorough analytical and  in vitro  biological 
characterisation during drug development to assess 
the need for  in vivo  comparison of PK - PD behaviour 
 [3 – 5] . Protein therapeutics tend to exhibit higher 
species specfi city than SMW NCEs and less  ‘ off target ’  
binding. Adverse effects of biopharmaceuticals tend 
to be related to some aspect of the pharmacological 
activity, whether exaggerated pharmacology or a 
pharmacological effect that is undesirable but an 
integral part of the overall target biology  [6] . Extrap-
olation of results, particularly pharmacodynamic 
effects, therefore becomes much more challenging 
for biotherapeutics, and differences in affi nity and 
potency across species need to be taken into account 
both in selecting an appropriate species for preclini-
cal testing and in predicting clinical effects from pre-
clinical data  [7] .     

 mAbs are an increasingly important part of the 
protein therapeutic library and deserve particular 
attention. It is often stated that mAbs are attractive 
drug targets because they have a long half - life, because 
of the protective mechanism of FcRn binding  [1,8] . 
This is only partly true because the nature and kinet-
ics of the target can impact the kinetic behaviour of 
the antibody  [9 – 11] . 

 The interaction of a mAb and target ligand to form 
a complex is shown in Figure  6.2 . The binding affi nity 
is selected to be very high so that formation of 
complex is favoured. The components of this simple 
model are as follow.
1.      Pharmacokinetics of the mAb:  usually well under-
stood and easily predicted for humans. Due to their 
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Table 6.1    Key differences between monoclonal antibodies and small molecular weight chemical drugs  

   Monoclonal antibody     New chemical entity  

  150,000 dalton    200 – 500 dalton  

  Biological production process  –  heterogeneous (post -

 translational modifi cations)  

  Chemical production process  –  homogeneous  

  High species selectivity (affi nity/potency)    Generally less selective  

  Multifunctional  –  target binding, Fc effector function, FcRn 

binding

  Single target  

  Toxicity  –  largely  ‘ on target ’  mediated  ‘ exaggerated 

pharmacology ’   

  Toxicity  –  often  ‘ off target ’  mediated  

  Slow clearance; long half - life (days)  –  infrequent dosing (weekly/

monthly)?

  Rapid clearance; short half - life (hours)  –  frequent 

dosing (daily)  

  Target can affect PK behaviour (TMDD)    Mostly linear PK; non - linearity from saturation of 

metabolic pathways  

  DDI  –  few examples and mostly PD related    DDI  –  many examples and metabolic and/or PD related  

  Immunogenicity sometimes observed    Immunogenicity rarely observed  

   DDI, drug – drug interaction; PD, pharmacodynamic; PK, pharmacokinetic; TMDD, Target mediated drug disposition.   

BOX 6.1   Production  p rocess for a  t herapeutic  p rotein 

  Utilising recombinant DNA technology to produce therapeutic proteins and monoclonal antibodies  

In vitro      In vivo

  Monoclonal antibodies (mAb):

    •      Select appropriate mAbs from phage display library 

and affi nity mature    

 Therapeutic proteins:

    •      Identify relevant gene (e.g. insulin) or combine 

parts of genes (e.g. fusion protein)  

   •      Amplify the amount of gene product, e.g. utilising 

polymerase chain reaction (PCR) techniques     

  Monoclonal antibodies:

    •      Immunise animal (e.g. mouse, rabbit or transgenic IgG 

humanised mouse) with relevant antigen  

   •      Select appropriate B - cell clone     

  Introduce DNA construct into the production cell 

line (e.g. CHO cell) and produce a master cell bank  

  Fuse B cell with myeloma cell to produce hybridoma and 

produce master cell bank 

 Note: more common practice today is to isolate variable heavy 

and light chains and transfect them into mammalian cell 

cultures (e.g. CHO) and produce a master cell bank, thereby 

avoiding use of hybridoma production  

  Expand (grow) a sample of the master cell bank using cell culture techniques  

  Isolate and purify the desired protein; removing potential contaminants (e.g. DNA, host cell proteins, viral 

contamination)  
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accumulation refl ects how quickly the ligand is 
becoming available for binding to the antibody; this 
will represent either production of ligand or release 
of ligand available for binding. This phenomenon 
will be observed when the antibody - ligand complex 
takes on the elimination characteristics of the anti-
body and is often the case for soluble ligands. 

 Many mAbs targeted at soluble ligands behave in 
this way  [12]  although there are examples where the 
complex is cleared rapidly  [13] . If the mAb - ligand 
complex is shown to be inactive, then the increase in 
total ligand can provide a convenient marker for 
extent and duration of suppression of the target. 
Based on this type of behaviour it is interesting to 
note that the duration of effect in suppressing free 
ligand concentrations is not only dependent on the 
clearance of the antibody, it is also infl uenced by how 
quickly the ligand can be replaced (ligand turnover). 
Once maximal suppression of the ligand is obtained 
then increasing doses of antibody will primarily drive 
an increased duration of effect. The conventional 
paradigm for single and multiple dose studies in 
exploratory development may need to be revised 
based on these fi ndings. The example shown in 
Figure  6.3  from Davda and Hansen  [14]  illustrates 
this type of behaviour, where the mAb - ligand 
complex is eliminated via the same process that drives 
clearance of the mAb.   

 Increased expression of the target, for example 
in disease, may affect the anticipated level of sup-
pression and duration of effect; this can easily be 

size these compounds distribute into a relatively 
limited volume, mainly vascular and interstitial 
space and are cleared quite slowly by well defi ned 
mechanisms. In addition, rat, mouse and cynomol -
gus monkey FcRn also recognise human IgG; so 
scaling of  ‘ inherent ’  IgG characteristics is relatively 
straightforward.    
2.      Concentration and turnover of the ligand at the 
target site (tissue):  sometimes well understood in 
health and disease, most often not. In many cases the 
mAb itself is the best tool available to characterise 
turnover of the target.  
3.      Pharmacokinetics of the mAb - ligand complex:  by 
acting as a capture system for the ligand the antibody -
 ligand complex can itself reveal information regard-
ing the rate at which the ligand is being replaced (see 
later). Understanding the behaviour of the ligand is 
critical to understanding the potential extent and 
duration of action at the target  [12] . Two broad cat-
egories can be considered and are described now.    

Monoclonal antibody against a soluble
ligand target 
 Consider a soluble ligand target that is turning over 
quickly. At steady state, by defi nition, the ligand is 
being produced and eliminated at the same rate. If we 
now introduce the antibody, which binds the ligand 
with high affi nity and elimination of the antibody -
 ligand complex is similar to the antibody itself, then 
inactive complex will accumulate in the systemic cir-
culation. Total ligand is increased and the extent of 

Figure 6.2     Simple mAb - ligand binding model. TMDD, target mediated drug disposition.  
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Maximal suppression of the target is achieved quite 
quickly during the dose escalation and at high doses 
of efalizumab the duration of effect is determined not 
only by the slow clearance of the mAb but also by the 
rate at which CD11a receptors can be replaced. Visu-
alisation of target - mediated clearance and data on 
internalisation of the natural ligand may be obtained 
from imaging of cells and/or cell lines which express 
the target and techniques such as confocal micros-
copy to confi rm internalisation as a clearance pathway 
 [16] . Overall, this PK - PD information clearly has a 
major role in selecting an appropriate starting dose 
and monitoring of dose escalation in humans. For 
example, the availability of an assay that detects the 
amount of CD11a on the cell surface and available for 
binding provides a platform for assessing appropriate 

incorporated into the PK - PD model and refi ned as 
clinical data are generated.  

  Monoclonal  a ntibody  a gainst a 
 c ell  s urface  t arget 
 Antibodies targeted at cell surface receptors often take 
on the elimination characteristics of their target. Joshi 
et al.  [15]  provide a very nice example of this so -
 called  ‘ target mediated drug disposition ’  (TMDD) for 
a mAb against CD11a on T cells (efalizumab; Figure 
 6.4 ). At low doses, the clearance of efalizumab is very 
rapid, most likely representing the binding of anti-
body to its target and rapid internalization and elimi-
nation of the complex. As the dose is increased, the 
more typical kinetic behaviour of a mAb starts to 
appear once binding to the receptor is saturated. 

     Figure 6.3     Simulated concentration – time profi les for a monoclonal antibody targeted against a soluble antigen from Davda 

and Hansen  [14] . Clearance of the mAb - antigen complex is similar to that of the antibody. (a) Pharmacokinetics of the 

antibody are linear with increasing dose. (b) Simulated concentration versus time profi les for total ligand (essentially inactive 

mAb - ligand complex). Total ligand is increased because the inactive mAb - ligand complex is cleared more slowly than free 

ligand. The extent of increase in total ligand is dependent on the rate of production and release of ligand. Once this is saturated 

then there is no further increase in total ligand with dose. (c) Simulated concentration versus time profi les for free ligand. Free 

ligand is suppressed and increasing doses drive an increase in extent and duration of suppression. NB log - scale: approximately 

90% suppression achieved transiently and for  > 2 weeks after a single dose of 10 and 100   mg/kg, respectively.  Reproduced from 

Davda and Hansen  [14] . Properties of a general PK/PD model of antibody - ligand interactions for therapeutic antibodies that 

bind to soluble endogenous targets. MAbs 2010 Sep;2(5):576–88. With permission of mAbs: Landes Bioscience.   
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     Figure 6.4     Target - mediated drug disposition (TMDD) for a monoclonal antibody targeted against a cell surface receptor 

reproduced from Joshi A, Bauer R, Kuebler P, White M, Leddy C, Compton P, et al.  [15] . An overview of the 

pharmacokinetics and harmacodynamics of efalizumab: a monoclonal antibody approved for use in psoriasis. J Clin 

Pharmacol. Profi les of efalizumab following a single intravenous infusion of increasing doses: 0.1, 0.3, 1, 3 and 10   mg/kg. 

(a) Plasma concentration versus time profi les. (b) CD11a expression versus time profi les. The symbols indicate the mean of 

measured data and the lines indicate simulated data from a pharmacokinetic – pharmacodynamic (PK - PD) ligand binding 

model. Note the rapid clearance of efalizumab at the low doses and the infl ection point, which occurs at approximately the 

same plasma concentration regardless of dose.  
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clinical doses prior to entry into humans and facili-
tates the interpretation of clinical data as it is gener-
ated. However, if there is no assay for target 
modulation then saturation of target - mediated clear-
ance, and the return to typical IgG kinetics, may itself 
be taken as a surrogate for saturation of the target. 
Interpretation of these data can be further compli-
cated by either a change in target density (e.g. decreas-
ing expression of a target on cancer cells in response 
to therapy, requiring a lower dose for target satura-
tion) or immune response to the protein therapeutic 
which may have the appearance of TMDD through 
rapid clearance of immune complexes. An integrated 
approach, which includes PK, PD and immunogenic-
ity data, is required  [17] .     

  Immunogenicity 

 Administration of an exogenous  ‘ foreign ’  protein has 
the potential to be recognised as  ‘ non - self  ’  and gener-
ate the formation of antibodies against the adminis-
tered protein  –  termed immunogenicity. The potential 
to generate an immune response is infl uenced by 
many factors related to the product itself: the manu-
facturing process, the patient and disease state includ-

ing factors related to treatment  [18 – 20] . The 
consequences of an immune response to a  ‘ foreign ’  
protein require careful evaluation (Table  6.2 ). For 
example, recombinant and modifi ed recombinant 
versions of an endogenous protein carry a potential 
risk of cross - reactivity of the antidrug - antibodies 
(ADAs) with the endogenous counterpart and the 
neutralisation of the functional activity of this endog-
enous counterpart  [20 – 22] , whereas this is unlikely 
to be the case for a mAb. Large immune complexes 
of the therapeutic drug and ADA may be deposited 
in organs such as the lungs and the kidneys leading 
to adverse events associated with these immune com-
plexes, particularly if complement pathways become 
activated by the mAb - ADA complex binding comple-
ment. Finally, maturation of the ADA response to 
an IgE - mediated event can lead to anaphylactic reac-
tion on subsequent treatment with the therapeutic 
protein.   

 The presence of an ADA response is normally 
detected using a three - tiered approach, described in 
several health authority guidelines  [23 – 25] . Samples 
are fi rst screened to detect a signal (either Biacore or 
bridging ELISA formats) above background noise, 
which is usually set to give about 5%  ‘ false positives ’ . 
Secondly, specifi city of the signal is then confi rmed 
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Table 6.2    Consequences of immunogenicity 

←
  S

ev
er

it
y

Risk      Observed      Confi rmed

  Change in exposure    PK profi le:

    •      sustaining ADA response  

   •      clearing ADA response     

  Immunogenicity assay suite  

  Loss of target engagement    Target capture (soluble ligand) 

 TMDD (cell surface target) 

 Downstream markers  

  Loss of effi cacy    Clinical endpoint(s)  

  Increase in immune - related adverse events    AE reporting by class  

  Cross - reaction to endogenous proteins    Target specifi c  

   ADA, antidrug antibody; AE, adverse event; PK, pharmacokinetic; TMDD, target mediated drug disposition.   

it is important to monitor ADA responses in all 
patients treated with the therapeutic protein during 
clinical development; such monitoring allows infor-
mation to be gathered on the incidence of ADA 
response and, perhaps more importantly, on the 
clinical consequences of an ADA response.  

First -in-human dose selection
for a biologic

 Regulatory guidance documents from the FDA and 
European Medicines Agency (EMA) deal directly 
with selecting an appropriate starting dose for human 
clinical trials. The guidance from the FDA on the 
maximum recommended starting doses (MRSD) 
for fi rst - in - human studies employs an algorithm 
based on Good Laboratory Practice (GLP) toxicology 
studies  [26] . The FDA algorithm is outlined in Box 
 6.2  and uses the no observable adverse effect level 
(NOAEL) (Step 1) and applies mg/m 2  scaling to 
convert this to a human equivalent dose (HED) (step 
2). For proteins  > 100,000 daltons, the FDA recom-
mend mg/kg scaling. The MRSD for the clinical trial 
is determined by dividing the HED in the most sensi-
tive species (step 3) by a safety factor (step 4) to 
account for the known unknowns in human variabil-
ity or interspecies differences. The default safety 
factor recommended is 10 but the guidance docu-
ment discusses a number of aspects that may be used 
to increase or even decrease the default 10 - fold safety 
factor. The fi nal step in the FDA guidance is the con-
sideration of the pharmacologically active dose (step 
5). This important step is often overlooked and 
although the FDA guidance does not give much 
insight into how to calculate the anticipated human 

by adding excess drug to the sample. The observed 
signal will be reduced if it was specifi c to the thera-
peutic protein (confi rmed positive). Thirdly, the 
sample is diluted to give a titre (inverse of the required 
dilution), which is a measure of the intensity of the 
response and combines factors such as the amount 
and affi nity of the antibodies produced. Finally, the 
ability of the ADA response to neutralise functional 
activity of the therapeutic protein may also be 
assessed. 

 For therapeutic proteins that are normally cleared 
quite rapidly (e.g. not protected from degradation by 
binding to FcRn), an ADA response can lead to an 
increase in duration of exposure (so - called sustaining 
ADAs). If the binding epitope does not neutralise 
pharmacological activity of the therapeutic protein 
then this can also lead to an increase in duration of 
pharmacological response. This occurs because the 
complex has a much slower clearance than the thera-
peutic protein. In contrast, if the ADA - therapeutic 
protein complex is inactive then pharmacological 
activity is lost despite the increased duration of expo-
sure. In this case it is important to understand if the 
ADA response is able to neutralise target engagement 
and/orfunctional activity of the therapeutic protein. 

 In contrast, for therapeutic proteins that are cleared 
relatively slowly (e.g. mAbs, Fc fusion proteins) the 
ADA - mAb complex is often cleared by a faster clear-
ance process, resulting in a shorter duration of expo-
sure and loss of effect. Whether the ADA response is 
able to neutralise target engagement or not is less 
relevant in this case because the end result, loss of 
clinical effi cacy, is the same for both. 

 The potential for generating an immune response 
with a therapeutic protein cannot be predicted from 
preclinical data and for the reasons discussed earlier 
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 The Final Report of the Expert Scientifi c Group on 
Phase 1 Clinical Trials took up this industry proposal 
in one recommendation:

  A broader approach to dose calculation, beyond reliance on 

 “ No Observable Effect ”  or  “ No Observable Adverse Effect 

Level ”  in animal studies, should be taken. The calculation of 

starting dose should utilise all relevant information. Factors 

to be taken into account include the novelty of the agent, its 

biological potency and its mechanism of action, the degree 

of species specifi city of the agent, the dose – response curves 

of biological effects in human and animal cells, dose –

 response data from in vivo animal studies, pharmacokinetic 

and pharmacodynamic modelling, the calculation of target 

occupancy versus concentration and the calculated exposure 

of targets or target cells in humans in vivo. The  “ Minimum 

Anticipated Biological Effect Level ”  (MABEL) approach is 

one good model for achieving this.   

 The MABEL approach is not a new approach and 
simply serves to re - emphasize what is already embod-
ied in step 5 of the FDA guidance; adjusting the 
MRSD based on the PAD (Figure  6.5 ). Just as NOAEL 
has been described as a dose level giving rise to  ‘ an 
effect that would be  unacceptable  if produced by the 
initial dose of a therapeutic in a phase I clinical trial 
conducted in adult healthy volunteers ’ . MABEL may 
be described as a dose level or exposure giving rise to 
 ‘ an effect that would be considered  acceptable  if pro-
duced by the initial dose of a therapeutic in a phase 
I clinical trial ’ . The defi nition of what constitutes an 
acceptable effect will, to some extent, depend on the 
subject population in the FIH study  –  healthy volun-
teers or oncology patients as two extreme examples. 
NOAEL addresses the challenge of fi rst - in - human 
dose selection from a viewpoint of toxicology; 
MABEL does the same from a viewpoint of pharma-
cology. The two pieces of information are comple-
mentary and part of one process. They should not be 
considered as two different approaches. Furthermore, 
this lesson can and should be applied to all molecules 
for clinical testing and is not unique to biologics 
 [7,12,30] .    

Conclusions

 Protein therapeutics, especially those derived from 
mAbs, will become increasingly important over the 
next 10 years in addressing currently unmet med -
ical needs. Inherent IgG behaviour has been well 
characterised and some aspects of the behaviour of 
these molecules can be easily scaled to humans. 

pharmacologically active dose (PAD) it does state that 
it is useful to compare this with the MRSD. If the PAD 
is lower than the MRSD it may be appropriate to 
reduce the starting dose, particularly in the case of 
biologics where marked species differences in potency 
and toxicity may arise from exaggerated and/or pro-
longed pharmacologic effects. In this case the PAD 
may be a more sensitive indicator of potential toxicity 
than the NOAEL.   

 The TGN1412 incident in March 2006 when six 
volunteers became critically ill after the fi rst dose of 
a CD28 super - agonist mAb highlighted the need 
to understand the PAD  [27] . The Expert Scientifi c 
Group that investigated this incident and subse-
quently, the Committee for Medicinal Products for 
Human Use (CHMP) described strategies to identify 
and mitigate risks for fi rst - in - human clinical trials 
with investigational medicinal products  [28,29] . 
These documents outline the strategies for mitigating 
and managing risks in such trials, including the cal-
culation of the initial dose to be used in humans, the 
subsequent dose escalation and the conduct of the 
clinical trial. 

 One of the recommendations made by the Expert 
Scientifi c Group was to emphasise a point already 
embodied in the FDA guidance document on esti-
mating the maximum recommended safe starting 
dose in initial clinical trials, that safety assessment 
should take account of pharmacology as well as 
toxicity. 

BOX 6.2     FDA   g uidance for  i ndustry and  r eviewers. 

Estimating the  m aximum  s afe  s tarting  d ose in  i nitial 

 c linical  t rials for  t herapeutics in  a dult  h ealthy 

 v olunteers 

Step 1     Determine no observable adverse effect level 

(NOAEL)  

Step 2     Convert NOAEL to a human equivalent dose 

(HED): 

    –      generally normalised to body surface area    

Step 3     Select HED from the most appropriate 

species: 

    –      additional factors: metabolism, receptors, 

binding epitopes  

   –      default: most sensitive species (lowest 

HED)    

Step 4     Apply a safety factor (  >  10 - fold) to give 

amaximum recommended starting dose 

(MRSD)

Step 5     Adjust MRSD based on the pharmacologically 

active dose     
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     Figure 6.5     Calculation of a safe starting dose. HED, human equivalent dose; MABEL, minimum acceptable biological effect 

level; NOAEL, no observable adverse effect level; PAD, pharmacologically active dose.  

- justify based on pharmacology

- max pharmacology achieved atyyy mg/kg

  (eg 10-fold lower than NOAEL)
- adjust for anticipated exposure in man

  (yy mg/kg projectected to give >10-fold margin)
- include anticipated duration of effect

- adjust for inter-species differences in

  affinity / potency

  (eg >50% ligand suppression for<48h)

Toxicology (exposure)

xxx mg/kg

Pharmacology (response)

xx mg/kg

x mg/kg

y mg/kg

*- NB an additional factor may be added on uncertainty of data / prediction and relative risk

[1]    NOAEL [5] PAD / MABEL

[4]    Apply ≥10-fold safety factor

[2/3] HED

           - adjust for anticipated exposure

             in man?

‘Maximum Recommended Starting Dose’

  - define anticipated safety window bassed on NOAEL and MABEL*

z mg/kg

translate the known biology of the target across 
species and the development of appropriate assays 
(biological markers) to quantify these effects is essen-
tial and should be incorporated into the early devel-
opment strategy for any new medicine.  
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History of the controlled  clinical trial

 We will probably never know for certain who per-
formed the fi rst controlled clinical trial but, according 
to the written history of the western world, it was 
James Lind, a ship ’ s surgeon in the British Navy. In 
1753, he published his account of a trial of six poten-
tial remedies for scurvy  [1] . He allocated two scorbu-
tic sailors to each treatment: cider, sulphuric acid, 
vinegar, seawater, nutmeg paste with barley water, or 
citrus fruit (two oranges and one lemon), once daily. 
Even though the citrus fruit ran out after only 6 days, 
both recipients were nearly cured. Of the other treat-
ments, only cider had any useful effect. The trial was 
open, had no placebo arm, used a mere 12 patients 
and cost almost nothing, yet it led eventually to pro-
found and permanent changes in clinical practice and 
in the health of countless people. 

 About 50 years later came what might well be the 
fi rst placebo - controlled double - blind clinical trial. In 
1796, Dr Elisha Perkins, a Connecticut (US) physi-
cian, received the fi rst medical patent to be issued 
under the Constitution of the United States, for a 
device known as Perkins Patent Tractors. The tractors 
comprised two 7.5 - cm pointed metal rods made of 
steel and brass. Perkins claimed that they contained 
rare alloys and were effi cacious in treating infl amma-
tion, rheumatism and pain in the head and the face, 
when passed over the affected part for about 20   min 
 [2] . The international success of the devices was such 
that in 1799 a retired UK physician, John Haygarth, 
was moved to write:

  the Tractors have obtained such a high reputation at Bath, 

even amongst persons of rank and understanding, as to 

require the particular attention of physicians. Let their merit 

be impartially investigated, in order to support their fame, if 

it be well - founded, or to correct the public opinion, if merely 

formed upon delusion  . . .  Prepare a pair of false, exactly to 

resemble the true Tractors. Let the secret be kept inviolable, 

not only from the patient but also from any other person. 

Let the effi cacy of both be impartially tried.   

 Haygarth persuaded two physicians to undertake 
the trial, which was carried out on fi ve rheumatic 
patients in hospitals in Bath and Bristol, UK. The 
result seemed clear - cut; the tractors did not work. 
However, even though the trial was placebo -
 controlled and blinded, it involved only fi ve patients 
and it was not randomised  –  all fi ve patients had the 
placebo tractors 1 day before they had the  ‘ genuine ’  
ones. Moreover, the result cannot have been statisti-
cally signifi cant, as there were only fi ve patients. 
Perhaps Perkins Patent Tractors deserve a retrial! 

 Medicines were not subjected to systematic trial 
until the twentieth century, even though powerful 
and effective preparations had by then been in use for 
millennia. For example, opium came into use at least 
5000 years ago; quinine treatment of malaria began 
in the 1600s; and the use of digitalis in heart disease 
was fi rst described in 1785. 

 The design of the fi rst large - scale randomised con-
trolled clinical trials leaned heavily on agricultural 
experiments by Fisher in the 1930s, in which ran-
domisation had been used to reduce bias attributable 
to the observer or to confounding factors. That work 
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Objectives of clinical trials in 
drug development

 Clinical drug development is conventionally divided 
into four phases. The results from each phase deter-
mine the design of the next. As discussed in Chapter 
 4 , the process of drug development is best divided 
into exploratory and full development corresponding 
to the concept of  ‘ learn  –  confi rm ’ . However, indi-
vidual trials are conventionally classifi ed into one of 
four phases (excluding Phase 0). Exploratory devel-
opment ends with  ‘ proof of concept ’  somewhere in 
phase 2 and full development corresponds to the later 
phase II and III trials. Objectives of the studies at each 
phase of development, stated in very general terms, 
are shown in Table  7.1 . Typical numbers and popula-
tion of subjects are also shown. The total number of 

led others, including the distinguished statistician 
Sir Austin Bradford Hill, to adopt similar experimen-
tal designs in clinical trials  [3] . The fi rst large - scale 
randomised controlled clinical trial is generally reck-
oned to be the UK Medical Research Council ’ s com-
parison of streptomycin    +    bed rest with bed rest 
alone, in the treatment of pulmonary tuberculosis 
 [4] . That trial began recruiting patients in 1947, and 
the results were published in 1948. It remains a land-
mark in the development of clinical trial methodol-
ogy, because of its inclusion of a  ‘ best existing 
treatment ’  control group, its scrupulously careful 
organisation and its use of sealed randomisation 
envelopes  [5] . Previous trials had used  ‘ alternate -
 patient ’  or  ‘ coin - tossing ’  methods of allocating treat-
ments to patients, both of which were susceptible to 
investigator bias.  

Table 7.1    Objectives of clinical trials during drug development 

   Type of study     Typical number of 
subjects / study  

   Main objectives     Population  

  Phase I    25 – 100    Tolerability, PK, PD and dose – concentration –

 response for PD biomarkers 

 Absolute and comparative bioavailability including 

bioequivalence of new formulations 

 Safety, e.g. PD studies of undesired effects, QT 

prolongation 

 Potential for drug – drug interactions 

 PK and PD in special populations, e.g. elderly  

  Healthy or patient 

volunteers who generally 

cannot expect to benefi t 

from treatment (oncology 

studies are a frequent 

exception)  

  Phase II    25 – 200    Dose – response for safety, and effi cacy using 

surrogate or clinical endpoints. Proof of concept  

  Patients with target 

condition  

  Phase III    250 – 750    Confi rm effi cacy and safety of one or more selected 

doses and establish benefi t   :   risk to support marketing 

application using clinical endpoints 

 Pharmacoeconomics  

  Patients with defi ned 

target indication  

  Phase IV     < 100  ≥ 1000    Post - licensing evaluation of any aspect of drug 

action including effi cacy or safety compared with 

other drugs. Often designed to support marketing 

 Evaluation of line extensions 

 Evaluation of new formulations 

 Pharmacoeconomics  

  Patients with licensed or 

potential new target 

indication

   PD, pharmacodynamics; PK, pharmacokinetics;   
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increased interest on the part of the doctor, more 
frequent hospital visits and emotional support. 
Placebo also helps to distinguish drug effects from 
spontaneous fl uctuations in disease state. 

 The value of the placebo - controlled trial in the 
early evaluation of a new potential medicine cannot 
be over - emphasised. It is particularly valuable under 
the following circumstances:
    •      there is no standard medical treatment or one has 
never been shown to be effective;  
   •      the investigational drug has a novel mechanism of 
action or a new route of administration;  
   •      standard treatment is inappropriate as a compara-
tor (e.g. different route of administration);  
   •      the response can only be measured subjectively; or  
   •      a large placebo response is known to occur in the 
condition to be treated.    
 The objective of the placebo - controlled clinical trial 
should be to demonstrate superiority of the primary 
effi cacy endpoint of the active treatment compared 
with that of placebo. A secondary objective might be 
to establish whether the incidence and/or severity of 
adverse events is signifi cantly different from that of 
placebo. Generally, the FDA requires two randomised 
placebo - controlled trials of a new therapy to establish 
effi cacy. The numbers of patients required is not 
usually large because the superiority of an active effi -
cacious treatment compared with placebo should be 
readily demonstrable. 

 However, it may be unethical to treat patients with 
placebo, particularly for serious conditions for which 
effective treatments are available and, when active 
treatments are available, what matters is how the effi -
cacy or safety of the investigational treatment com-
pares with that of the current best available treatment 
(standard). On the other hand, it may be ethical for 
a placebo to be used for a clearly defi ned, short period 
after which  ‘ rescue treatment ’  should be administered 
(e.g. analgesia for a few hours following a potentially 
painful procedure).  

Placebo and active comparator  controlled  trials
 Inclusion of both placebo and an active comparator 
treatment group is often a preferred design, as the 
placebo serves to validate the study by enabling effi -
cacy of an active treatment to be demonstrated une-
quivocally and showing the size of the effect. When 
placebo is not used and there is no signifi cant differ-
ence between responses to an investigational and 
standard therapy, the result might be claimed as a 
demonstration of  ‘ non - inferiority ’  but it could be 
attributable to large variability, which masks the 

subjects included in studies in each phase varies enor-
mously, depending on the prevalence of the disease 
and the amount of safety information that is required. 
Numbers for individual studies depend on the objec-
tives, variability of the endpoint and whether it is 
intended to show superiority or non - inferiority com-
pared with the response to another treatment and 
whether that comparator is placebo or an alternative 
active treatment.    

Design of controlled  clinical trials

 Box  7.1  lists some fundamental aspects of trial design 
that need to be considered from the outset when 
designing a clinical trial. Each is discussed briefl y.   

BOX 7.1    Aspect of  c linical  t rial  d esign 

        •      Controls: placebo, active comparator treatments  

   •      Blinding  

   •      Primary and secondary endpoints  

   •      Surrogate and clinical endpoints  

   •      Parallel/crossover  

   •      Randomisation  

   •      Dosage selection  

   •      Populations     

Controls:  placebo and active comparators 
Uncontrolled  trials
 There is a place for uncontrolled trials, particularly in 
pilot studies of a putative new treatment for a par-
ticular condition for which there are no, or few, other 
treatment options (e.g. a phase I study of novel anti-
cancer drug in heavily pre - treated patients. However, 
it should be recognised that the conclusions from 
such studies can only be tentative. For responses that 
depend on subjective assessments by the patient or 
doctor such as severity of pain, open uncontrolled 
trials are generally unreliable and results may be 
grossly misleading.  

Placebo-controlled  trials
 A placebo is an inert preparation (or a sham proce-
dure) that is used in double - blind trials to prevent 
bias in the selection of trial subjects, and to minimise 
bias in the assessment of treatment effects. A placebo 
treatment helps to distinguish the effects of a drug 
that are attributable to its pharmacological action 
from the psychological effects of the act of medica-
tion and the circumstances surrounding it, such as 
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incidence should be not greater than 12.5%. The size 
of the margin is obviously critical for determining the 
sample size of the study and for acceptance of the 
results as clinically equivalent.   

Blinding
 The term  ‘ blinding ’  refers to disguising the identity of 
a trial treatment in order to minimise bias in trial 
execution, and sometimes also in the interpretation 
of results. The simplest method is to use formulations 
that look identical, which is usually simple with 
tablets or capsules, but is more diffi cult for oral solu-
tions that look and taste different. Blinding for non -
 identical treatments can be achieved by the use of the 
double - dummy technique, whereby each active agent 
has a matched dummy. For example, if one formula-
tion is a tablet and another is a capsule, trial subjects 
in each limb of the trial take both formulations, one 
being active and the other dummy. The double -
 dummy technique can be used to compare treatments 
given by different routes (e.g. oral and intravenous). 
Even such exotic dose forms as suppositories, eye 
drops, skin patches or inhalers can be tested in a 
double - blind fashion. 

 There are various levels of blinding:
    •       None:  in which trial investigators and their staff and 
trial subjects are aware of the identity of the trial 
medicine, although, even in an unblinded (open) 
trial, it may be possible to conduct objective assess-
ments such as laboratory tests by personnel who are 
blinded to treatment.  
   •       Single - blind:  in which the subject is unaware of the 
identity of the trial medicine, but the investigator 
knows what it is; rarely, the subject is aware and the 
investigator unaware.  
   •       Double - blind:  in which neither subjects nor inves-
tigators, nor anyone else at the trial site, are aware of 
the identity of the treatment; this is the most desir-
able because it minimises bias.    
 Even then, common sense should apply. For example, 
the pharmacist may need to be unblind when a drug 
or placebo to be administered intravenously needs to 
be freshly prepared shortly before administration. 
Similarly, in an early dose - escalation study, a bioana-
lyst usually needs to be unblind when required to 
analyse drug concentrations with a fast turnaround 
so that time is not wasted analysing specimens from 
subjects who received placebo. Also, a Data Safety 
Monitoring Board frequently needs to be unblind 
to make sound judgements about safety during the 
conduct of a trial. Providing none of these personnel 
are involved in the conduct of the study with subjects, 

effect of either treatment or that both treatments are 
truly ineffective. The absence of placebo in such a 
situation may make the results uninterpretable. The 
down - side of comparison with an active treatment is 
that many more patients are generally required to 
provide adequate statistical power to detect a differ-
ence, particularly if the study is designed to show 
superiority.  

Superiority or non-inferiority
 Comparison of effects (desired or undesired) between 
a new treatment and a comparator may be based on 
demonstrating  ‘ superiority ’  or  ‘ non - inferiority ’ . Supe-
riority trials typically are used to establish whether a 
new treatment:
    •      has  greater  effi cacy than placebo; and/or  
   •      has  greater  effi cacy than another treatment; and/or  
   •      has  fewer  adverse effects than another treatment.    
 The analysis of such a trial will be based on the  ‘ inten-
tion (or intent) to treat ’  population, which is the most 
conservative. Early discontinuations, protocol viola-
tions, poor adherence to treatment and other sources 
of variability will tend to favour failure to demon-
strate a statistical difference. However, the sample 
size required to demonstrate a statistically signifi cant 
difference between the treatment groups for a su -
periority trial may be very large and is sometimes 
impracticable. 

 By contrast, the objective of a clinical trial using a 
 ‘ non - inferiority ’  design is typically to establish 
whether a new treatment:
    •      has effi cacy that is not inferior to that of another 
treatment; and/or  
   •      has a safety profi le that is not inferior to that of 
another treatment.    
 The main advantage of the non - inferiority design is 
that fewer subjects are required than for demonstra-
tion of superiority but there are some important dis-
advantages. One is the fact that the more variability 
present in the results of a non - inferiority trial, the 
greater the probability of demonstrating non -
 inferiority. Another is that there may be very differing 
views about the size of the margin for which non -
 inferiority is claimed, the so - called equivalence 
margin. For example, if a standard anticoagulant is 
associated with an incidence of major haemorrhage 
of, say, 10% in the fi rst year of treatment, it might be 
proposed that the accepted equivalence margin for 
the investigational anticoagulant should be 5% (i.e. 
that the major rate of haemorrhage should be no 
greater than 15%), while others might suggest that a 
smaller margin is required, perhaps 2.5%, so that the 
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thousands of subjects would be required to show a 
signifi cance difference between treatments, whereas 
the composite endpoint will reduce the numbers 
required and the duration of a trial substantially. 
However, a marked effect on one factor of the com-
posite endpoint may be diluted by weak or opposite 
effects on others. Furthermore, death is much more 
serious than myocardial infarction and just how to 
weight these different outcomes can be diffi cult to 
rationalise. 

 A composite endpoint is often recommended 
for trials of immunosuppression for kidney trans-
plantation comprising death, graft failure, biopsy -
 proven acute rejection and graft dysfunction based 
on creatinine clearance. However, the relative weight-
ing of such factors remains a problem for these trials 
as well. 

 A composite endpoint should not be confused with 
co - primary endpoints in which the statistical analysis 
of the study will be based on outcome of two or more 
endpoints considered to be of critical importance.  

Secondary endpoints
 Many other measurements of effi cacy or safety may 
be of interest in a trial to describe the patients, events 
and results. For example, the primary endpoint might 
be the incidence of a particular outcome after 1 year, 
whereas the incidence of the same outcome after 6 
months or in a particular subpopulation of patients. 
The secondary endpoints should be defi ned in the 
trial protocol, in which it should be stated clearly 
whether they will be subject to statistical analysis or 
whether they are merely descriptive. The temptation 
to add secondary endpoints should be resisted, unless 
they usefully enhance the trial, as the chances of 
fi nding statistically signifi cant differences by chance 
increases with the number of tests performed and 
adjustment for the level of signifi cance must be made 
accordingly. Secondary endpoints can frequently be 
used to provide the basis for generating new hypoth-
eses but caution should be exercised as the statistical 
power to make comparison of such endpoints may be 
seriously inadequate.   

Surrogate and  clinical endpoints
 Chapter  4  discusses biomarkers and surrogate end-
points in the context of exploratory drug develop-
ment. Here, we briefl y discuss the utility of biomarkers 
as surrogates for clinical endpoints in later phase 
trials that are used to support an application for mar-
keting authorisation of a drug. The terms are fi rst 
defi ned in accordance with the  Defi nitions working 

investigators and their staff, the double blind can 
easily be maintained. 

 Open (also called open - label) trials can often be 
criticised but there are circumstances when they are 
perfectly acceptable (e.g. pharmacokinetic bioequiva-
lence studies), or perhaps impractical (e.g. a large 
multicentre post - marketing surveillance study). It 
should be noted that an investigational agent admin-
istered under the terms of compassionate use or 
named patient for which the caring doctor takes 
responsibility for use of the agent in that patient is 
not usually considered to be a clinically trial though, 
in reality, it is a trial of therapy in the individual 
patient. 

 Of course there are circumstances such as a severe 
adverse event when the blind must be broken to mini-
mise further risk to an affected individual or other 
trial subjects. Generally, the blind need only be 
broken for the individual concerned and the blind 
and hence study integrity can be maintained. The 
persons with authority to unblind should be named 
in the protocol, which should include rules governing 
unblinding in such circumstances and for the trial as 
a whole which is usually scheduled to be carried out 
after trial  ‘ database lock ’ .  

Primary and secondary endpoints
Primary
 Generally, there should only be one primary endpoint 
of a trial and this should be used to determine the 
sample size. In phase III this needs to be a registerable 
indication and is almost always a clinical endpoint  –  
how a patient feels, functions or survives  –  but may 
sometimes be a surrogate  –  intended and generally 
accepted to substitute for a clinical endpoint (see next 
section). Whatever the endpoint, it must be specifi c. 
General terms such as  ‘ renal function ’  or  ‘ severity 
of asthma ’  are unsatisfactory. The endpoint should 
be defi ned precisely and when appropriate should 
include the measurement or scale of measurements 
that will be used for assessment and, when appropri-
ate, the time - point at which it will be performed (e.g. 
psoriasis area and severity index at 3 months, cardiac 
output measured by echocardiography at 6 months, 
incidence of stroke at 12 months). 

 Sometimes it is necessary to combine a number of 
outcomes to make a composite primary endpoint. 
For example, in trials of a new treatment for cardio-
vascular disease the endpoint might comprise the 
incidence of stroke, myocardial infarction and death 
from cardiovascular disease. The frequency of the 
latter might be low and a study involving tens of 
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drug effect, such as the minimum inhibitory concen-
tration of an antimicrobial against a bacterial culture. 

 The desired characteristics of a biomarker to be 
used a surrogate endpoint are listed in Box  7.2 . Par-
ticular emphasis should be given to the features that 
a useful surrogate must be generalisable to a wide 
range of patients and highly predictive of a clinical 
endpoint (i.e. high validity). The latter is crucial if the 
surrogate endpoint is to be used in support of a mar-
keting authorisation application. The validity of a 
surrogate endpoint can be confi rmed only by exten-
sive experience of clinical trials in patients with the 
target disease. It is not enough to show that the sur-
rogate endpoint correlates very strongly with the 
clinical endpoint on the basis of experience with only 
a single drug because it is theoretically and practically 
possible that the effect of the drug on the clinical 
endpoint is not mediated by the main pharmacologi-
cal property of the drug, but rather by a subsidiary or 
less well - characterised one.    

group, NIH/FDA symposium on Biomarkers and Sur-
rogate Endpoints   [6]  and some examples given. 

Biomarkers 
 A biomarker is a clinical measurement indicating a 
normal or pathogenic process, or a pharmacological 
response to a therapeutic intervention. Examples 
used in routine clinical care of patients include cir-
culating concentrations of low - density lipoprotein 
cholesterol, HbA1c, transaminase enzymes, prostate 
specifi c antigen and C - reactive protein. Genetic 
biomarkers of drug metabolism can be used to 
predict toxicity of drugs and hence to guide dosage, 
for example glucuronidation of the active metabolite 
of irinotecan by UGT1A1 (uridine diphosphate 
glucuronosyl - transferase). In the experimental use of 
biomarkers, we may consider imaging, such as posi-
tron emission tomography scanning of a radioactive 
ligand in the brain to assess drug receptor occupancy 
or distribution. Pharmacodynamic antagonism of 
responses to challenge agents such as inhaled allergen 
to evoke an allergic response in the lung, scopolamine 
to impair cognitive function or intradermal hista-
mine to induce a wheal and fl are may be used to 
characterise dose – response relationships.  

Clinical endpoints
 In contrast to biomarkers, a clinical endpoint is a 
characteristic or variable that measures how a patient 
feels, functions or survives. Examples include activi-
ties of daily living, incidence of readmission to hos-
pital, severity of pain, frequency of angina attacks, 
incidence of stroke, transplant organ graft survival, 
progression free survival in cancer, death. Gener -
ally, the primary endpoint of a phase III clinical 
trial should be a clinical endpoint because it relates 
directly to the welfare of the patient with few or no 
assumptions about its relevance or validity. Neverthe-
less, the methodology used to make measurements 
and their relevance must always be questioned. For 
example, one may question whether spirometry is 
really a sensitive and relevant clinical endpoint with 
which to assess the severity of asthma.  

Surrogate  endpoints
 A surrogate endpoint is a biomarker that can substi-
tute for a clinical endpoint. Imaging biomarkers that 
are frequently used as surrogate endpoints in clinical 
trials include the radiological appearance of joint ero-
sions in rheumatoid arthritis and computed tomog-
raphy scans of solid tumours and lymphomas. Plasma 
concentrations may serve as a surrogate measure of 

BOX 7.2    Desired  c haracteristics of  b iomarkers to  b e 

 u sed as  s urrogate  e ndpoints 

        •      Non - invasive  

   •      Easy to measure  

   •      Inexpensive  

   •      Highly reproducible (test - retest and between 

investigators)  

   •      High sensitivity  

   •      High specifi city  

   •      Generalizable  

   •      Highly predictive     

Utility of biomarkers and  surrogate  endpoints
 Biomarkers and surrogate endpoints can be enor-
mously useful in early phase exploratory clinical drug 
development to establish proof of concept and dose –
 response and to gain an early estimate of benefi t   :   risk 
with which to make go/no - go decisions  [7] . However, 
there are important caveats arising from the fact that 
exploratory clinical studies generally involve small 
numbers of subjects. This poses a substantial risk of 
underestimating a drug ’ s effects or producing false 
negative results (a type II error). These often lead to 
the selection of excessively high doses for trials in 
phase III or in erroneous decisions about whether or 
not to proceed to full development. Therefore, only 
extensively validated, sensitive and reliable biomark-
ers should be used as the basis for go/no - go decisions 
and dose selection in early development. 
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 In a parallel group design, the response of one 
treatment group is compared with that of the others; 
in other words, the comparison is between subjects. 
By contrast, the crossover design allows intra - subject 
comparisons of the effects of the treatments in the 
entire trial population that has completed the study. 
In some crossover designs, it is not feasible to treat all 
subjects with all treatments, in which case an incom-
plete crossover may be used, for example, each subject 
receives two of four possible treatments. 

 The advantages and disadvantages of crossover and 
parallel group designs are summarised in Table  7.2 . 
In practice, crossover designs are often preferred in 
the early phases of drug development, particularly for 
the fi rst dose - ranging trials particularly in healthy 
volunteers and patients with stable disease. They are 
also eminently suitable for many pharmacodynamics 
and pharmacokinetic studies of drug interactions and 
comparative bioavailability in which the subjects may 
be treated with single or repeat doses for a short dura-
tion (e.g. 10 – 14 days), undergo washout and then 
receive the alternative treatment (or treatment com-
bination) under the same conditions. The intra -
 subject comparisons tend to show low variability so 
that relatively small numbers of subjects will provide 
adequate statistical power to detect differences of 
interest.   

 The critical weaknesses of crossover designs are 
their susceptibility to carry - over effects (i.e. the effect 

 Furthermore, and often contrary to widespread 
belief, a surrogate endpoint may turn out not be pre-
dictive of a clinical endpoint (i.e. it is has no validity). 
An example of how misleading a biomarker can be is 
the Cardiac Arrhythmia Suppression Trial (CAST), 
which was a randomised placebo - controlled study of 
three anti - arrhythmic drugs, based on the assump-
tion that suppression of ventricular ectopy (the sur-
rogate) after myocardial infarction would reduce the 
incidence of ventricular arrhythmias and hence mor-
tality. There were no advantages of treatment with 
fl ecainide and encainide compared with placebo and 
these two treatments had to be withdrawn from the 
trial prematurely because of excess mortality from 
arrhythmia and shock in patients treated with these 
drugs  [8] . 

 Therefore, even if a surrogate endpoint seems 
directly and inextricably linked to its corresponding 
clinical endpoint, regulatory authorities are under-
standably reluctant to rely solely on surrogate end-
point data for granting approval of a product licence. 
Thus, a new drug for Alzheimer ’ s disease, for example, 
is unlikely to be authorised for marketing simply on 
the basis of results of cognitive function tests: the 
regulators will want to see evidence that patients 
benefi t in terms of their activities of daily living, 
ability to live independently, and so forth. 

 Perhaps one of the few situations in which it is 
justifi ed for granting marketing authorisation on the 
basis of surrogate endpoints is when it is really 
impossible to generate data using clinical endpoints. 
A particular example is anti - HIV therapy, as the 
result of which patients can expect to live normal lives 
for many years. Therefore, for the last 20 years, it has 
not been practicable or ethical to use clinical end-
points such as incidence of AIDS or death for approval 
of a new addition to the therapeutic armamentarium. 
Instead, a drug may be licensed on the basis of viral 
load, which is a surrogate. A similar situation now 
applies to sustained virological response in new ther-
apies for hepatitis C virus infection.   

Parallel  and crossover  trials
 Controlled clinical trials essentially follow one of two 
basic designs: parallel groups or crossover. Most 
phase III clinical trials use two or more groups of trial 
subjects. In a parallel design, patients are randomly 
allocated to receive one of the treatments only. In a 
crossover design, patients receive each of the treat-
ments, allocated in a randomised order with or 
without a washout period between each treatment 
period. 

Table 7.2    Advantages and disadvantages of parallel and 

crossover trial designs 

   Feature     Parallel     Crossover  

  Risk of dropouts    Low    High  

  Suitable for long 

treatment periods  

  Yes    No  

  Stability of 

disease

  Not essential    Essential: baseline at 

each crossover point 

must be similar  

  Liable to 

carry - over effect  

  No    Yes  

  Liable to period 

effects

  No    Yes  

  Variability of 

data

  High, 

inter - subject 

comparisons  

  Low, intra - subject 

comparisons  

  Subject numbers    Large    Small  
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Latin square shown, not only are the number of treat-
ments allocated to each period equal, but the 
sequences are all balanced so that A follows B once 
and B follows A once; indeed, all sequences occur 
once only. This balanced Latin square is the most 
robust and unbiased design.    

of the fi rst treatment has not worn off before the start 
of the second treatment) and treatment period inter-
actions in which results obtained in one period are 
signifi cantly different from another irrespective of 
treatment. There is also a substantial risk of dropouts 
in which subjects fail to complete all treatment 
periods and thereby prevent comparisons to be made. 
The probability of dropouts increases with the dura-
tion of the trial. 

 Parallel - group designs are almost always needed 
for the defi nitive dose - ranging trials and for phase III 
trials. They are simple, robust and suitable for long 
treatment periods but subject numbers may be very 
large because of large inter - subject variation, which 
may confound treatment effects.  

  Randomisation 
 In a parallel group design trial, subjects are ran-
domised to a single treatment regimen and it is essen-
tial that patients are enrolled into the trial before 
randomisation to avoid bias related to treatment pref-
erence. Usually, randomisation is intended to ensure 
that very similar numbers of subjects receive each 
treatment. However, this is not necessarily so. For 
example, it is often not necessary to have as many 
subjects receive placebo as active treatments when 
two active treatments are compared with each other 
as well as with placebo. Thus, to provide adequate 
statistical power for comparisons, the sample size 
might be 50 subjects in the placebo group and 150 in 
each of the active treatment groups. To minimise the 
effects of variation due to centres, randomisation 
may be performed separately for each centre. Ran-
domisation may also be performed on the basis of 
certain subgroups (e.g. gender, age group). These 
must all be based on statistical power calculations and 
pre - defi ned in the protocol.  Post hoc  subgroup analy-
ses may be useful for generating hypotheses to be 
tested in subsequent trials but are subject to bias and 
are not a satisfactory basis for fi rm conclusions. 

 In a crossover trial, subjects will usually receive 
each of the treatments but it is the order of treatment 
allocation that is randomised and ideally balanced so 
that not only will the number of treatment alloca-
tions be equal but also the number of treatment 
sequences. In Figure  7.1 , two Latin squares are shown. 
In the 3    ×    3 Latin square, the number of treatments 
allocated to each period is equal but the sequences are 
not balanced so that, for example, B follows A twice 
but A does not follow C even once. In fact, it is not 
possible to balance an odd number of treatments for 
sequence. By contrast in the even - numbered 4    ×    4 

     Figure 7.1     (a) 3    ×    3 Latin square; (b) 4    ×    4 Latin square.  
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  Selection of  d osage 
 It is diffi cult to discuss selection of dosage for later 
phase clinical trials in the absence of data about a 
specifi c drug. Nevertheless, it is perhaps worth point-
ing out one or two fundamental principles. The ulti-
mate goal of drug development is to establish the 
ratio of benefi t   :   risk or, to be more precise, the prob-
ability of producing benefi t to a target patient popu-
lation versus the probability of causing adverse effects 
in that population. Assuming both benefi t and 
adverse effects are dose - related, our objective should 
be to select a dosage or range of dosage that produces 
the maximum benefi t with the least adverse effects. 
However, this is an over - simplifi cation because 
adverse effects may be minor, slightly troublesome, 
symptoms resulting perhaps in poor adherence to the 
treatment but which are unlikely to be harmful of 
themselves, or alternatively, they may be serious, 
perhaps life - threatening. Of course, the judgement 
around dosage selection will depend on the serious-
ness of the condition being treated as well as of the 
adverse effects of the drug. 

 Dosage implies the frequency of dosing as well as 
the actual dose. Both of these components should be 
based on robust information about dose, concentra-
tions, and the relationship between these and the 
responses produced, so - called pharmacokinetics –
 pharmacodynamics (PK - PD). This may be relatively 
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clinical trials. Some particular patient populations are 
considered briefl y below. 

The elderly
 The elderly are the main consumers of most types of 
medicines because they are affected by illness much 
more often than are young and middle - aged adults, 
and by a much wider range of illnesses, most notably 
those that refl ect degeneration of central nervous, 
cardiovascular and musculoskeletal systems. It would 
seem logical, therefore, that the elderly should be 
included in phase III trials of new drugs  [9] . To facili-
tate the inclusion of elderly patients in such trials, the 
safety, tolerability and pharmacokinetics of a new 
drug in healthy elderly are almost always studied in 
the exploratory phase of the drug ’ s development (see 
Chapter  4 ). 

 In practice, however, elderly patients tend to be 
excluded from phase III trials, or at least under -
 represented in them. That is clearly undesirable, 
because a drug that has not been well studied in the 
elderly cannot later be promoted for use in this age 
group. Also, excluding the elderly from trial could be 
cited as an example of discrimination on the grounds 
of age. Therefore, it is in everyone ’ s interest to include 
them in trials to support a marketing application. 
To achieve that, it is not enough simply to set a 
high upper limit for age, in the trial ’ s entry criteria. 
Unless eligibility criteria are reasonably broad, 
elderly patients are likely to be ineligible, albeit 
perhaps unintentionally, on grounds of concomitant 
medication and present or past medical history. 
However, mortality increases sharply with age, and 
very old people are at high risk of death during the 
currency of a phase III study of typical duration. The 
very old are usually frail, and may recover only slowly 
or incompletely from the adverse effects of a drug or 
a trial procedure. Thus, it would be reasonable to set 
an upper age limit of, say, 80 or 85 years or alterna-
tively to ensure that frail patients will be excluded on 
the basis of their general condition rather than chron-
ological age.  

Renal impairment
 In most normal adults, creatinine clearance declines 
by about 0.75   mL/min/year  [10] . Therefore, most 
healthy elderly people have mild renal impairment, 
although this will not be evident from measurement 
of serum creatinine. The results of a small study 
in healthy elderly subjects, conducted in phase I, 
usually show that the mild renal impairment is of 
little consequence as regards safety, tolerability or 

straightforward, as it is for many small molecules (e.g. 
most antihypertensives), or it may be less clear (e.g. 
antidepressants). For biologic agents, it is rarely 
straightforward with non - linear pharmacokinetics 
and biological effects that may be very prolonged, 
persisting long after drug has been eliminated. 

 As more clinical effi cacy, tolerability and safety 
information becomes available in the course of clini-
cal development, it should be possible to narrow the 
range of dosage of interest so that by the time phase 
III is reached, selection of the appropriate dosage 
should be relatively straightforward. However, all too 
often, the data obtained in earlier studies are inade-
quate on which to base sound decisions. This fre-
quently results in selection of dosage being a 
haphazard process, often depending more on person-
alities and their beliefs rather than on rational scien-
tifi c data. 

 The tendency is to select a dosage that is too high, 
based on the erroneous belief that if a little does some 
good, more must be better. There is a long history of 
drugs being licensed at doses that are excessive (e.g. 
captopril, zidovudine, sumatriptan, haloperidol) and 
much unnecessary harm was done to patients as the 
result. Nowadays, regulatory authorities are, rightly, 
much more insistent that the lower end of the pos-
sible dos range is tested in adequately powered trials. 
When expensive trials have to be repeated using lower 
doses, this can result in extended development times, 
wasted resources and loss of patent life. At worst, it 
can result in a project having to be abandoned late in 
development because of an undesired adverse effect 
profi le associated with excessive doses. 

 In summary, selection of dosage to be tested in 
phase III trials should be based on good clinical phar-
macology and phase II trial data and as much atten-
tion should be given to the lower as to the upper 
range of dosage under consideration.  

Special populations
 The population for a phase III clinical trial must be 
representative of the population for whom the drug 
is intended. It is understandably tempting to set tight 
eligibility criteria with the aim of ensuring a trouble -
 free study with relatively few adverse events that 
might wrongly be attributed to the new drug. 
However, this may exclude a large proportion of the 
target population making enrolment very slow and 
diffi cult. It is also important to remember that the 
regulatory authorities may later demand, reasonably, 
that the drug be labelled such that it is not recom-
mended for patients of the kind excluded from the 
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pharmacokinetics. If the drug is exclusively renally 
excreted, its elimination may be slower than in 
healthy young subjects, but usually not enough to 
matter very much. If elderly people without overt 
renal disease are included in the phase III programme, 
and no important problems arise, then the drug will 
effectively have been studied adequately in mild renal 
impairment. 

 Of course, there are drugs that have a low therapeu-
tic index, whose clearance is dependent on renal func-
tion. It may then be imperative to conduct studies 
in mild, moderate and severe renal impairment with 
a view to adjustment of recommended dosage in 
patients with various levels of estimated creatinine 
clearance  [11,12] . Regulatory guidelines are available 
on the design and conduct of such studies  [13] . 
Recently it has also been appreciated that advanced 
renal impairment may affect the clearance of drugs 
that are not renally cleared  [14] . It is a matter of judge-
ment whether a specifi c study in renally impaired 
patients is required taking into account the intended 
target population for treatment with the drug in ques-
tion. Discussion with regulatory authorities is advisa-
ble, unless the need for a study is unequivocal.  

Hepatic impairment
 Studies in patients with hepatic impairment are dif-
fi cult to do, and are often not done or are postponed 
to post - licensing if considered necessary. Hepatic 
function does not decline much with increasing age, 
and patients with hepatic dysfunction tend to have 
serious and complex disease. Unlike renal function, 
assessment of the severity of hepatic dysfunction is 
unreliable. Hepatically impaired patients may have 
much more severe disease than is evident from their 
Child – Pugh grade based on history, physical signs 
and investigations. That may well compromise the 
safety of a clinical pharmacology study of a new drug 
in such patients. In the light of these considerations, 
it is essential to take expert advice before taking the 
decision to proceed with a study in patients with 
hepatic impairment. Again, guidelines on the conduct 
of studies in hepatic impairment are available  [15,16] .  

Children 
 Clinical trials in children are discussed in Chapter  15 .    

Analysis of controlled  clinical trials

 This subject is addressed in Chapter  9  and will be 
discussed only briefl y here. 

Hypothesis testing,  power and p-values
 When designing a study, the sample size (number of 
subjects per group) needs to be decided according to 
the desired power applied to the primary endpoint. 
The power of the study refers to the chance of obtain-
ing a difference between treatments when there is a 
true difference. For example, a power of 80% means 
that there is an 80% chance of obtaining a group dif-
ference and a 20% risk of missing it, when there is a 
true difference. Of course we would always like high 
power but the number of potential subjects available 
will usually be constrained by practicalities such as 
prevalence of the condition being treated, the number 
of sites that can reasonably be used, time and money. 

 The comparison of data from a clinical trial will 
conventionally be based on the null hypothesis 
applied to the primary endpoint. This states that 
there is no difference between treatments. If the null 
hypothesis is disproven (i.e. it is shown that there is 
a difference), we need to know what the probability 
is of fi nding a difference by chance, when in reality 
there is no difference. Typically, when two or more 
normally distributed sets of data are subjected to 
analysis of variance, we are prepared to accept a 5% 
risk of obtaining a difference by chance when there is 
no true difference; this means that we will accept a 
p  - value equal to or less than 0.05. With any  p  - value 
above 0.05, it is considered that the null hypothesis is 
proven (i.e. there is no signifi cant difference between 
treatments). Of course, the value of 0.05 is arbitrary 
but the temptation to claim that a difference was 
 ‘ almost signifi cant ’  or that there was a  ‘ trend ’  should 
be resisted.  

Confi dence  intervals
 Another way of examining the difference between 
treatment effects is to calculate confi dence intervals 
(CIs). These are more informative than  p  - values 
because a CI shows the range within which the true 
difference is likely to lie, and the range of possible 
effect sizes compatible with the data. That is, use of 
CIs puts upper and lower bounds on the likely size of 
the true effect. Figure  7.2  illustrates the conclusions 
that may be drawn about different point estimates 
and upper and lower CIs for the difference between 
the effi cacy of two active treatments (test and control) 
tested for non - inferiority in which the equivalence 
margin delta ( Δ ) has been pre - defi ned.   

 The width of the CIs depends on three variables:
1.     sample size;  
2.     variability of the characteristic being assessed; and  
3.     the degree of confi dence.    
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 Thus, the width of the CI will tend to decrease if the 
sample size is large, variability is low and the degree 
of confi dence required is low. The fi rst two conditions 
are fairly obvious but perhaps the third requires a 
moment ’ s thought. If the extremes of the line in 
Figure  7.2  showing non - inferiority represent the 90% 
CI, the condition for non - inferiority is fulfi lled. 
However, if 95% CI were shown, they would neces-
sarily be wider and the lower limit might exceed the 
equivalence margin. In that case, the criterion for 
non - inferiority would no longer be met.  

  Odds  r atios,  a bsolute and  r elative  r isk 
 Another way to consider the difference between treat-
ment effects is by examining the reduction in abso-
lute and relative risk and odds ratios. The calculations 
are shown in Box  7.3 .     

  Final  w ord 

 The randomised controlled clinical trial has been 
around a long time, and there is currently criticism 
of its rigidity. It has been suggested that such trials 
are not always the most appropriate means of estab-
lishing whether a novel drug is worth licensing. The 
problem is that nobody has come up with anything 
better. A well - designed clinical trial, conducted in 
accordance with the protocol, is a robust means by 
which to test effi cacy and safety with minimal bias. If 
criticism is due, it is not because of the nature and 
demands of the clinical trial itself, but because some 
trials that are required by regulatory authorities may 
not actually be necessary.  

     Figure 7.2     Point estimate and confi dence 

intervals for difference between two active 

treatments (test and control) with 

predefi ned equivalence margin  Δ .  

 BOX 7.3    Calculation of  a bsolute and  r elative  r isk and 

 o dds  r atios 

  Group     Outcome event  

   Yes     No     Total  

  Control group    a    b    a    +    b  

  Experimental group    c    d    c    +    d  

 Control event rate (CER)    =    risk of outcome event in 

control group:  CER     =      
a

a b+  

 Experimental event rate (EER)    =    risk of outcome event 

in experimental group:  EER     =      
c

c d+  

 Absolute risk reduction (ARR)    =     CER     −     EER  

 Relative risk reduction (RRR)    =      
CER EER

CER

−
 

 Number needed to treat (NNT)    =      
1 1

ARR CER EER
=

−  

 Odds ratio is the ratio of the odds of the outcome 

event occurring in the experimental group relative to 

the odds of that event occurring in the control group. 

So odds ratio    =      
EER EER

CER CER

/

/

1

1

−
−  

 More simply, odds ratio    =      
c d

a b

b c

a d

/

/
= ×

×   
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8  Conduct of  c linical  t rials: 
Good  C linical  P ractice  

Kate L.R. Darwin
  Hammersmith Medicines Research Ltd., London, UK       

Introduction 

 This chapter is intended to serve as a guide to running 
trials of new chemical entities during drug develop-
ment. The principles described are relevant to all 
other trials, such as those comparing two or more 
licensed treatments, and those conducted in aca-
demic institutions without any support from the 
pharmaceutical industry. There will be some differ-
ences of detail in those other circumstances.  

Good Clinical Practice 

 The procedures for assuring quality of clinical trials 
have evolved over the past 30 years, culminating 
in several published guidelines and regulations. 
There are four key Good Clinical Practice (GCP) 
documents:
    •      GCP guideline of the International Conference on 
Harmonisation (ICH) of Technical Requirements for 
the Registration of Pharmaceuticals for Human Use 
 [1,2] ;  
   •      Code of Federal Regulations (21 CFR) of the USA 
 [3,4] ; and  
   •      two EU Directives: 

      EU Clinical Trials Directive (2001/20/EC)  [5] ; 
and
      EU GCP Directive (2005/28/EC)  [6] .      

 All of those documents have their origin in the Dec-
laration of Helsinki  [7] . 

 The US Food and Drug Administration (FDA) 
Code of Federal Regulations provides information on 

the requirements for registration of new drugs in the 
USA. Most potential new drugs will be marketed in 
the USA in order to reap a fi nancial return. Apart 
from a few minor differences, the FDA has adopted 
the ICH GCP guideline  [3,4] . 

 The ICH GCP guideline remains the most compre-
hensive GCP standard in Europe, although the EU 
Clinical Trials Directive and the EU GCP Directive 
impose requirements additional to those in the ICH 
GCP. In today ’ s global climate, the pharmaceutical 
physician should work to the standards of ICH GCP, 
in the context of local regulations. 

Declaration of  Helsinki
 The Declaration of Helsinki  [7]  originated from a set 
of guidelines for medical experiments, the Nurem-
burg Code, which was a consequence of atrocities 
committed in the name of medical science during the 
Second World War. Since 1964, the general assemblies 
of the World Medical Association (WMA) have made 
recommendations to guide physicians in clinical 
research involving human subjects. Although not 
legally binding, the Declaration forms the foundation 
of all other signifi cant international documents on 
the ethical conduct of biomedical research. 

 The Declaration of Helsinki covers all the impor-
tant ethical considerations, such as the involvement 
of a qualifi ed physician in any clinical trial, putting 
the well - being of the trial subject before science and 
society, the use of scientifi c principles in the design 
of the trial, and the need for informed consent and 
a review by an ethics committee: in fact, all areas 
covered by the ICH GCP. 
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ceutical industry to try to reach a consensus on the 
safety, quality and effi cacy requirements for authori-
sation of new medicinal products. This was the 
beginning of the ICH. 

 In 1996, the ICH approved the fi nal draft of GCP, 
and recommended it for adoption by the regulatory 
authorities of the EU, Japan and USA. ICH GCP is 
based on 13 principles (see Box  8.1 ).   

 Before ICH GCP, there were many guidelines from 
various regions and countries relating to the conduct 
of clinical trials. With the advent of ICH GCP, the 
conduct of clinical trials globally has become more 
uniform. Many countries have modifi ed the format 
of ICH GCP to the local conditions, but in general, 
the principles of ICH GCP have been observed.  

EU Clinical Trials Directive (2001/20/ EC) and 
EU GCP Directive (2005/28/ EC)
 In 2001, the European Parliament published the EU 
Clinical Trials Directive  [5] , which governs clinical 
trials of investigational medicinal products (IMPs) 
undertaken in the EU. Each European country had to 
implement the Directive by 1 May 2004. In 2005, the 
European Parliament published the EU GCP Direc-
tive, laying down the principles and detailed guide-
lines for GCP in clinical trials of IMPs in Europe. 
The GCP Directive complemented the Clinical Trials 
Directive, and European countries had to implement 
it by 29 January 2006. 

 Before the EU Clinical Trials Directive, European 
countries varied in the legal requirements and proce-
dures for conducting clinical trials, some countries 
adopting more vigorous ethical and scientifi c 
methods than others. For example, the GCP inspec-
torate in the UK had to be  ‘ invited ’  to conduct most 
inspections, because there was no legal basis for 
normal routine inspections. The EU Clinical Trials 
Directive was designed to simplify and harmonise the 
administrative provisions governing trials and applies 
to both commercial and non - commercial trials of 
IMPs, including healthy volunteer (phase I) trials. 
Only non - interventional trials are excluded from the 
scope of the Directive. In non - interventional trials, 
the diagnosis, monitoring and treatment of the 
subject falls within current practice, and prescription 
of the medicine is separate from the decision to 
include the subject in the trial. The Directive does not 
apply to clinical trials of products that are not IMPs, 
such as diagnostic agents or agents used to elicit a 
physiological response (such as immunogens). Such 
trials must be done in accordance with ICH GCP but 
do not need to comply with the Directive. 

 The WMA reviews the Declaration of Helsinki 
every 4 years. The 2000 version contained signifi cant 
changes from previous versions, in particular, changes 
that aimed to avoid exploitation of developing coun-
tries. The changes included a requirement that sub-
jects have access to the best treatment identifi ed by 
the trial after the trial has fi nished; a recommenda-
tion that local participants in a trial should be able 
to benefi t from the trial results; and a requirement 
for greater transparency about economic incentives. 
In addition, the Declaration stated that placebo con-
trols should be avoided, in favour of comparator con-
trols  –  a requirement that was later watered down in 
an interim revision to the Declaration. 

 Controversy over the changes in the 2000 version 
led to publication of an EU Clinical Trials Directive 
(in 2001) that referred to the 1996 revision of the 
Declaration, rather than the 2000 version. As a result, 
clinical trial protocols in Europe refer to the 1996 
version. Furthermore, in 2004, the FDA published 
regulations requiring foreign studies to be done in 
accordance with ethical principles stated in the 1989 
revision of the Declaration, and, in 2008, the FDA 
replaced that requirement with one that the studies 
be done in accordance with GCP. Nevertheless, con-
tinual review of the Declaration of Helsinki ensures 
continued debate of the ethical issues surrounding 
clinical trials. That is particularly important as phar-
maceutical companies turn their attention to ad -
vanced therapies, such as gene therapy and gene 
transfer, which raise new ethical problems.  

ICH GCP
 In the 1950s, several events led to greater control and 
harmonisation of drug development. In the USA, a 
terrible mistake in the formulation of a children ’ s 
syrup in the 1930s forced the American government 
to create a product authorisation system under the 
FDA. The thalidomide tragedy in Europe alerted 
many regulatory authorities to the dangers as well as 
the benefi ts of new synthetic drugs. Safety considera-
tions, in addition to effi cacy, became paramount in 
new drug treatments. With the public expectation 
that new drugs be both safe and effective came an 
escalation of the cost of research, and an ever -
 increasing healthcare bill for governments. 

 Global harmonisation was felt to be an acceptable 
solution, reducing costs by avoiding unnecessary 
duplication of clinical trials in humans and by mini-
mising the use of animal testing. Hence, in 1990, drug 
regulatory authorities of the EU, Japan and the USA 
got together with representatives from the pharma-
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 The EU Clinical Trials Directive covers:
    •      protection of trial subjects (including risk   :   benefi t 
assessment of the trial; insurance and indemnity to 
cover the liability of the sponsor and investigator; and 
informed consent)  
   •      clinical trials in children and adults who are unable 
to give consent;  
   •      establishment of ethics committees and of inspec-
torates to verify GCP standards;  
   •      approval of a clinical trial by the national regulatory 
authority and by a single ethics committee, within 60 
days of receipt of a valid application;  
   •      conduct of trials (including arrangements for 
approval of amendments to the protocol);  
   •      arrangements for suspension of trials by regulatory 
authorities;  
   •      creation of a European database to allow regulatory 
authorities in member states to share information;  
   •      application of Good Manufacturing Practice 
(GMP) to IMPs, including requirements for manu-
facturers and importers of IMP to be licensed, for 
each batch of IMP to be signed off by a Qualifi ed 
Person, and for labelling;  
   •      pharmacovigilance standards; and  
   •      special considerations for gene therapy trials and 
xenogenic cell therapy.    
 The EU Clinical Trials Directive is due to be revised 
in 2012. Changes being considered include simplify-
ing the requirements for authorisation by regulatory 
authorities of trials conducted in several Member 
States.   

Preparation of  documentation
for the clinical trial

The trial master fi les 
 A huge number of documents are generated during 
a clinical trial. Those documents are kept in the spon-
sor ’ s and investigator ’ s trial master fi les. Section 8 of 
GCP lists the essential documents that must be fi led 
in the trial master fi le. Some documents must be fi led 
before the trial starts; others will be added during or 
after the trial. Many documents will be present in the 
trial master fi le of both the sponsor and the investiga-
tor, but some documents (such as monitoring visit 
reports) will be present only in the sponsor ’ s fi le, and 
others (such as the screening log, which lists subjects ’  
names) will be present only in the fi le of the investiga-
tor. Separate fi les will contain fi nancial and budget -
 related documents. 

BOX 8.1    The  p rinciples of the International 

Conference on Harmonisation ( ICH ) Good Clinical 

Practice ( GCP ) 

1.     Clinical trials should be conducted in accordance 

with the ethical principles that have their origin in 

the Declaration of Helsinki, and that are consistent 

with GCP and the applicable regulatory 

requirement(s)  

2.     Before a trial is initiated, foreseeable risks and 

inconveniences should be weighed against the 

anticipated benefi t for the individual trial subject 

and society. A trial should be initiated and 

continued only if the anticipated benefi ts justify 

the risks  

3.     The rights, safety and well - being of the trial 

subjects are the most important considerations 

and should prevail over interests of science and 

society  

4.     The available non - clinical and clinical information 

on an investigational product should be adequate 

to support the proposed clinical trial  

5.     Clinical trials should be scientifi cally sound, and 

described in a clear detailed protocol  

6.     A trial should be conducted in compliance with 

the protocol that has received prior institutional 

review board (IRB)/independent ethics committee 

(IEC) approval/favourable opinion  

7.     The medical care given to, and medical decisions 

made on behalf of, subjects should always be the 

responsibility of a qualifi ed physician or, when 

appropriate, of a qualifi ed dentist  

8.     Each individual involved in conducting a trial 

should be qualifi ed by education, training and 

experience to perform his or her respective 

task(s)

9.     Freely given informed consent should be obtained 

from every subject prior to clinical trial 

participation  

10.     All clinical trial information should be recorded, 

handled, and stored in a way that allows its 

accurate reporting, interpretation and 

verifi cation  

11.     The confi dentiality of records that could identify 

subjects should be protected, respecting the 

privacy and confi dentiality rules in accordance 

with the applicable regulatory requirement(s)  

12.     Investigational products should be manufactured, 

handled, and stored in accordance with applicable 

Good Manufacturing Practice (GMP). They 

should be used in accordance with the approved 

protocol  

13.     Systems with procedures that assure the quality of 

every aspect of the trial should be implemented     
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 It is essential that each version of each key docu-
ment involved in the control and conduct of the trial 
(such as the protocol, information and consent form, 
IMP dossier and investigator ’ s brochure) be properly 
identifi ed. A version number, date and page number 
(in  ‘ page x of y ’  format) must appear on each page of 
the document. Systems must be in place to control 
the versions of documents, such that it is clear which 
version has been approved by the regulatory author-
ity and/or the ethics committee, and which version 
is currently in use. Superseded documents must be 
withdrawn from use. In the case of information and 
consent forms, it must be possible to verify that trial 
subjects have signed the correct approved version. 

The protocol 
 The protocol is key to the control of a clinical trial. It 
describes the rationale, objectives, design, methods, 
statistical considerations and organisation of the trial. 
ICH GCP  [1]  section 6 specifi es the information that 
should be included in the protocol (see Box  8.2 ).    

Approach to  construction of the protocol 
 Most pharmaceutical companies have their own 
format for a protocol. Independent investigators will 
adopt their own or their institution ’ s format. 

 Typically, the protocol will be generated from a 
standard template, designed to comply with regula-
tory requirements and company policy. Certain sec-
tions may be  ‘ copied and pasted ’  from a previous 
protocol, but care needs to be taken to avoid informa-
tion specifi c to the previous trial suddenly appearing 
in the text of the new protocol. It is advisable to 
avoid repetition of information in multiple sections, 
because inconsistencies may be introduced as the 
draft protocol develops into the defi nitive trial design. 

 Many individuals may be involved in preparing the 
protocol. In a pharmaceutical company, it is usually 
left to a project manager to coordinate the contribu-
tions, which should include those of the pharmaceu-
tical physician and the statistician. Input from the 
principal investigator at an early stage in the develop-
ment of the protocol is essential. He or she can con-
tribute on practicalities (e.g. selection of subjects, 
feasibility of design), ethical issues and primary end-
points. The protocols for independent trials may be 
prepared by the investigator but the advice of an 
experienced statistician familiar with clinical trials 
should be sought. Whether the protocol is for a com-
mercially sponsored or an independent trial, vigorous 
proof reading and review should take place. Reputa-
ble pharmaceutical companies have protocol review 

boards with representatives from quality assurance 
(QA) and data management as well as the pharma-
ceutical physician and statistician. A respected and 
disinterested colleague should review the protocols 
for independent trials. 

 The following questions must be answered before 
the fi nal version of the protocol is ready.
1.     Does the protocol contain all the information 
required by ICH GCP? In particular, consider the 
following. 

    •      Is there a clear description of what source data 
will be recorded directly into the case report form 
(CRF) and what will be recorded in the medical 
records? As a minimum, the trial code, date of 
consent, date of enrolment, visit dates, administra-
tion of IMP and concomitant medication, adverse 
events and key effi cacy variables should be in 
the medical records. The protocol must state that 
monitors, auditors and inspectors from regulatory 
authorities will have access to source data and 
documents.  
   •      Are there clear instructions for reporting adverse 
events and serious adverse events (SAEs)? The 
investigator must be obliged to report SAEs to the 
sponsor within specifi ed time limits, and 24 - h 
contact details must be given. It should be clear 
that these  ‘ rules ’  also apply to SAEs that occur in 
subjects who have fi nished the trial. In a blinded 
trial, there should be clear instructions on when 
and by whom the code for a particular subject 
should be unblinded in an emergency.  
   •      Does the protocol clearly state that the trial 
cannot begin without approval of the regulatory 
authority and the ethics committee? It should 
describe when and how informed consent should 
be obtained.    

2.     Is the protocol fl exible enough to allow the sponsor 
and investigator to respond appropriately to emerg-
ing trial results, and thereby minimise the need for 
future amendments? This is especially important 
in early trials. In a fi rst - in - human trial of single, 
escalating doses, the protocol should specify the 
planned doses to be tested, but allow those doses to 
be adjusted on the basis of emerging trial data. 
Without fl exibility, any change to the planned doses 
would constitute a protocol amendment which might 
cause a substantial delay to the trial. Also consider 
whether it is appropriate to allow limited fl exibility in 
dose regimen, washout periods, and timing and 
number of assessments.  
3.     Does the protocol make sense? Someone other than 
a physician should read the protocol. At investigator 
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BOX 8.2    The  m ain  c ontents of the  p rotocol ( ICH   GCP   s ection 6)  [1]  

    The following elements should be present:  

  General  i nformation 

     •      Trial title, identifying code, version and date  

   •      Name and address of sponsor  

   •      Name, title, address and telephone number(s) of the: 

sponsor ’ s medical expert, monitor, investigator(s), 

clinical laboratory and other medical or technical 

institutions involved in the trial     

  Signature  p age 

 Signed by:

    •      Sponsor  

   •      Statistician responsible for the statistical plan  

   •      Investigator     

  Summary 

     •      Introduction  

   •      Objectives  

   •      Trial population  

   •      Treatments  

   •      Trial design  

   •      Criteria for assessment     

  Contents  p age 

 Background  i nformation 

     •      Name and description of the investigational medicinal 

product IMP(s)  

   •      Summary of relevant non - clinical and clinical studies  

   •      Known and potential risks and benefi ts  

   •      Description of and rationale for the route of 

administration, dose and regimen  

   •      Statement that the trial will be done in compliance 

with the protocol, Good Clinical Practice (GCP) and 

applicable regulatory requirement(s)  

   •      Description of the trial population     

  Trial  d esign 

     •      Objectives and purpose of the trial  

   •      Primary and secondary endpoints  

   •      Type of trial (e.g. double - blind, placebo - controlled, 

parallel design)  

   •      Schematic diagram of trial design  

   •      Follow - up period  

   •      Measures taken to avoid bias, such as randomisation 

and blinding  

   •      Description of trial treatment(s)  

   •      Duration of treatment and participation  

   •      Stopping rules  

   •      IMP accountability procedures  

   •      Procedures for maintaining and breaking 

randomisation codes  

   •      Identifi cation of source data     

  Selection and  w ithdrawal of  s ubjects 

     •      Inclusion and exclusion criteria  

   •      Withdrawal criteria     

  Treatment of  s ubjects 

     •      Trial treatment(s): dose form, packaging, labelling, 

dose, regimen  

   •      Concomitant and rescue medication  

   •      Compliance     

  Assessment of  e ffi cacy 

     •      Effi cacy variables  

   •      Timing and methods of assessment of effi cacy     

  Assessment of  s afety 

     •      Safety variables  

   •      Timing and methods of assessment of safety  

   •      Procedures for handling and reporting adverse events 

and serious adverse events  

   •      Follow - up of adverse events     

  Statistics 

     •      Statistical methods  

   •      Defi nition of analysis populations and criteria for 

inclusion in analyses  

   •      Timing of any planned interim analysis  

   •      Justifi cation for the sample size  

   •      Level of signifi cance  

   •      Criteria for termination of the trial  

   •      Procedure for missing, unused and spurious 

data

   •      Reporting procedures for deviations from the statistical 

plan     

  Quality  c ontrol and  q uality  a ssurance 

     •      Monitoring  

   •      Statement confi rming direct access to source data and 

documents

   •      Quality control procedures  

   •      Audit     

  Ethics and  r egulatory  a spects 

     •      Trial approval  

   •      Notifi cation of the general practitioner  

   •      Consent     

  Data  h andling and  r ecord  k eeping 

     •      Data management  

   •      Archiving     

  Financing and  i nsurance ( i f  n ot in a  s eparate  a greement) 

 Publication  p olicy 

 References 
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stored samples. In addition, most countries have spe-
cifi c requirements for their ICF. For example, in the 
UK, reference should be made to the Association 
of the British Pharmaceutical Industry (ABPI) 
guidelines on compensation of clinical trial subjects 
 [9,10] . In other countries (e.g. Ireland) the trial 
subject is allowed a specifi c length of time to decide 
whether to enter the trial. It is essential that local 
requirements be checked when a country - specifi c ICF 
is prepared. 

 The information in the protocol, investigator ’ s 
brochure and ICF, particularly that on possible 
adverse events, must be consistent. In Europe, per-
sonal data are subject to strict regulation (Directive 
95/46/EC)  [11] . The ICF must tell subjects who will 
see their personal data, and explain how their confi -
dentiality will be protected. Subjects should also be 
told that they have the right to check that the data 
relating to them are correct. If data from a European 
clinical trial are to be sent outside of Europe, subjects 
should be told that the trial results may be sent to 
countries where laws about keeping information are 
less strict than in Europe. 

 The ICF must be written in language that can be 
understood by the average trial subject  [1,4,12,13] . 
Simple words must be used instead of complex ones: 
for example,  ‘ stop ’  instead of  ‘ discontinue ’ ,  ‘ avoid ’  
instead of  ‘ abstain ’  and  ‘ cause ’  instead of  ‘ induce ’ . 
Most trial subjects will not understand technical 
jargon such as  ‘ placebo ’  and  ‘ erythema ’ , so alternatives 
(such as  ‘ dummy medicine ’  and  ‘ redness ’ ) must be 
used. Volumes should be described in familiar terms 
such as  ‘ teaspoons ’  rather than  ‘ millilitres ’ . Ethics 
committees often request changes to the ICF, because 
of local conditions, customs or interpretation of 
words, or because the committee considers the lan-
guage to be too technical. In making any modifi ca-
tions to an ICF, ensure that the changes do not result 
in removal of information required by ICH GCP and 
local regulations. 

 The sponsor must ensure that the ICF is read and 
signed by trial subjects only after it has been approved 
by the relevant independent ethics committee. 

 If the ICF is to be translated into another language, 
then someone fl uent in that language should do 
the translation. Expensive translation agencies often 
provide a grammatically correct translation but in 
archaic language. The translator should provide a 
translation certifi cate stating what was translated 
(including the version number and date of the docu-
ment) and when, and the translator ’ s name, status 
and appropriate qualifi cations. The translator should 

sites, the individuals reading the protocol may be tired 
and overworked. Also, laypersons in the ethics com-
mittee will need to understand the document.  
4.      Is the document professionally presented and 
internally consistent? There should be no spelling 
mistakes, and the table of contents and cross -
 references to section numbers and the reference list 
should be correct.    

 The fi nal draft should be signed off by a senior 
representative of the medical department sponsor -
ing the clinical trial, the statistician involved in the 
preparation of the protocol and, perhaps, a medical 
advisor specialising in the indication or procedure. 
These signatories take professional responsibility 
for the content of the protocol. In addition, each 
individual investigator involved in the clinical trial 
will sign the protocol, thereby agreeing to comply 
with it. 

 After approval of the protocol by the ethics com-
mittee and the regulatory authority, any changes 
must be documented. If the changes are substantial, 
they should be documented in a formal numbered 
protocol amendment, and signed off by the same 
people who signed the original protocol. The EU 
Clinical Trials Directive requires that substantial pro-
tocol amendments be approved by the regulatory 
authority and the ethics committee before implemen-
tation, unless the changes are urgent safety measures 
to protect the trial subjects (see  ‘ Pharmacovigilance 
in clinical trials ’ ). The FDA has similar requirements 
for changes to the protocol that are not logistical or 
administrative.  

The Informed Consent Form 
 The Informed Consent Form (ICF) consists of two 
documents  –  the information sheet and the consent 
form. They should be considered as a pair of docu-
ments, not separate entities. The ICF should contain 
core information that applies to trials in general; that 
information may need modifi cation to comply with 
local regulations. The ICF should also contain trial -
 specifi c information, for example, an explanation of 
the purpose of the trial, entry criteria, anticipated 
risks and benefi ts, and trial procedures. 

 The sponsor must ensure that the ICF contains all 
the information listed in section 4.8.10 of ICH GCP 
 [1]  and any additional information required to meet 
local regulations. For example, the detailed guidance 
to the EU Clinical Trials Directive on applications to 
the ethics committee  [8]  requires details of confl icts 
of interest, and the subject ’ s right, on withdrawal 
from the trial, to request destruction of identifi able 



Conduct of clinical trials: Good Clinical Practice 161

CFR Part 50 sections 24 – 27  [4]  and the EU Clinical 
Trials Directive Articles 4 and 5  [5] . Further guidance 
for UK researchers is given in the standard operating 
procedures issued by the National Research Ethics 
Service (NRES)  [14] .   

Investigator’s brochure 
 The investigator ’ s brochure contains detailed infor-
mation on the background of the IMP, and should 
facilitate a better understanding of the rationale for 
the trial and the key features of the protocol. The 
potential investigator should review the investigator ’ s 
brochure before agreeing to participate in the trial. 
The brochure, together with any published papers, 
should give the investigator suffi cient information to 
decide if the proposed trial is justifi ed, and allow him 
or her to answer any questions from trial personnel 
and the ethics committee. 

 ICH GCP  [1]  specifi es the minimum information 
that should be presented in an investigator ’ s bro-
chure. That information includes the following:
    •      physical, chemical, pharmaceutical properties and 
formulation of the IMP;  
   •      non - clinical pharmacology studies;  
   •      pharmacokinetics and metabolism in animals;  
   •      toxicology;  
   •      effects on humans: 

      pharmacokinetics and product metabolism;  
      safety and effi cacy;  
      marketing experience; and    

   •      summary of data and guidance for the investigator, 
including details of how to recognise and treat a pos-
sible overdose or adverse reaction caused by the IMP.    
 Various specialists will contribute to the brochure, 
including toxicologists, pharmacokineticists and 
pharmacists. A pharmaceutical physician should 
review the document carefully. 

 As more information becomes available, the inves-
tigator ’ s brochure should be updated. In any case, it 
should be updated at least once a year. Anything that 
might alter the risk   :   benefi t assessment of the IMP, 
such as a serious fi nding in a preclinical study, must 
be communicated in writing to the investigators, and 
reported promptly to the regulatory authority and 
ethics committee. 

 Updates to the investigator ’ s brochure must be 
distributed to investigators of all ongoing trials. 
Receipts will be required from the investigator, and 
old brochures should be recalled and accounted for. 
The investigator ’ s brochure is a confi dential docu-
ment; the principal investigator is responsible for its 
security.  

state that the translation was done to his or her best 
ability, and the statement should be signed and dated. 
A different person should then translate the trans-
lated ICF back into the original language. The latter 
document will confi rm that nothing was left out of 
the original translation. 

Obtaining informed consent   Each subject must give 
written informed consent before he or she partici-
pates in the clinical trial. The patient should be given 
suffi cient time to read the information sheet, and to 
discuss any concerns with the investigator, personal 
physician, partner, family or friend, before giving 
consent and entering the trial. No trial - specifi c pro-
cedure (such as blood sampling) should be done to 
decide the suitability of a potential subject until that 
subject has given written consent. In addition, no 
drug or placebo should be administered to the subject 
before written consent is given, unless it is part of 
ongoing treatment of the subject for a previously 
established diagnosis. In some clinical trials there is 
a  ‘ wash - out ’  period when the subject is not allowed 
to take his or her routine medication; again, this 
must not begin until the subject has given written 
consent. 

 In some situations, data may have been acquired 
from routine medical procedures before consent 
was given: it may be inappropriate and unethical to 
repeat the procedure (e.g. radiological examination) 
after the subject has entered the trial. In those situa-
tions, the protocol and ICF should explain what pre -
 existing data can be used after consent has been 
obtained. 

 Phase I units may have a separate protocol for 
screening tests to establish the volunteer ’ s suitability 
as a potential subject (sometimes called  ‘ panel screen-
ing ’ ). This protocol and the informed consent proce-
dures must have the approval of an ethics committee. 
Before a volunteer screened in this way enters a spe-
cifi c trial, the consent process must be repeated with 
the trial - specifi c ICF. 

 In trials of adults who are mentally or physically 
unable to give proper consent, and in trials of chil-
dren, special arrangements must be made. Trials in 
which the subjects cannot provide informed consent 
will become more frequent as more diffi cult indica-
tions (e.g. trauma, stroke or dementia), and very 
young children, become the focus of clinical trials. 
The pharmaceutical physician should ensure that 
established mechanisms for consent are followed 
with agreement of the ethics committee and in com-
pliance with ICH GCP chapter 4.8  [1] , FDA Title 21 
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CRFs should be appropriate to the situations in which 
they are to be used. For example, in an endoscopy 
study, the site of lesions and other features could be 
recorded on a diagram. Manipulation of data in the 
CRF by trial site personnel should be kept to an abso-
lute minimum: calculations (such as change from 
baseline) are more likely to be done correctly by com-
puter programs at the end of the trial than by busy 
site personnel. 

 A data manager usually prepares the CRF using a 
template, which has standard page formats that have 
been developed, using experience gained in previous 
trials, to avoid ambiguities and mistakes. Good 
quality control (QC) procedures must be in place to 
ensure that the CRF matches the protocol, and that 
sections of the template that have no relevance to the 
present trial have been deleted. Design features may 
be used to avoid errors in, and increase the effi ciency 
of, data entry, for example, ensuring that  ‘ Yes ’  tick-
boxes are always on the left, and  ‘ No ’  tickboxes are on 
the right. 

 The investigator should be required to sign each 
appropriate section of the CRF (e.g. confi rmation of 
a subject ’ s eligibility to take part in the trial). The 
investigator should sign the last page of the CRF, to 
confi rm that the data were measured according to the 
protocol and accurately recorded. 

 There should be guidance notes to assist the inves-
tigor ’ s team in completing the CRF, and a fl ow chart 
showing the timing of key trial activities (e.g. blood 
samples). The CRF will contain objective measures 
(e.g. blood pressure, heart rate, peak expiratory fl ow 
rate) and subjective measures (e.g. assessment of 
whether side effects might be related to the trial treat-
ment and rating of their severity). Where the investi-
gator is required to make subjective judgements, clear 
guidance on the criteria to be used must be given in 
the protocol, to ensure consistency among investiga-
tors and sites. 

 Investigators should be invited to review the CRF, 
and, ideally, it should be  ‘ fi eld tested ’  by colleagues 
and investigators before the start of the trial. The trial 
statistician should review the CRF, to ensure that it 
will capture the data required for the statistical 
analysis. 

 Preparation, QC and review of the CRF takes time. 
The transfer of the fi nal format to  ‘ no carbon required ’  
paper prolongs the process. The printer ’ s proofs 
should be checked for accuracy before the printing 
begins.  ‘ No carbon required ’  paper should be of high 
quality whatever the budget for the trial: otherwise, 
only the top copy will be readable.  

Investigational medicinal product  dossier
 In Europe, sponsors must prepare an IMP dossier 
(IMPD), which contains detailed physical, chemical 
and pharmaceutical information on the drug sub-
stance (the active pharmaceutical ingredient) and the 
drug product (the fi nal formulation). It is similar in 
structure to Section 7 of an FDA application for an 
investigational new drug (IND), and includes details 
of the manufacturing method, analytical tests and 
methods, storage conditions, packaging and shelf - life 
of the IMP. In particular, it contains a specifi cation 
for the IMP: details of the tests that will be done on 
each batch, and the acceptance criteria against which 
the IMP will be released for use in trial subjects. It 
also contains information on the preclinical and 
clinical studies of the IMP, or cross - refers to that 
information in the investigator ’ s brochure. 

 The IMPD forms part of the application for regula-
tory approval of a trial. It allows the regulators to 
assess the quality of the IMP. The investigator will not 
normally need to see the IMPD. But, if the investiga-
tor site is to do any manufacturing work on the IMP 
(such as dispensing individual subjects ’  doses from 
bulk supplies), the investigator should have access to 
the IMPD.  

Case report forms
 The CRF (sometimes known as the clinical record 
form) is the document in which the trial data are 
recorded. The CRF must capture all the information 
specifi ed by the protocol: data that confi rm the suit-
ability of the subject, and all the trial results, through 
to follow - up. Some of the trial results will not be 
recorded in the subjects ’  medical records, so the CRF 
will be the only source of the data. However, much 
information will be transcribed from original docu-
ments (e.g. radiological report, medical correspond-
ence, laboratory results and original medical records). 

 Each page of the CRF should include an 
investigator - specifi c identifi er, subject number, pro-
tocol code and time point (e.g. visit or day). The CRF 
must be designed such that it is clear and unambigu-
ous, contains suffi cient space for data to be entered 
and is arranged in a logical order: consider, for 
example, whether it is more appropriate to record 
data in chronological order of procedures, or to have 
sections, separated by labelled dividers, for different 
variables (such as vital signs, pharmacodynamic end-
points). For categorical data (such as ethnic origin or 
tests with a  ‘ positive ’  or  ‘ negative ’  result), tick boxes 
should be provided. It should be clear to how many 
decimal places numerical data should be recorded. 
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Subject diary cards 
 Some trials employ subject diary cards: source docu-
ments that allow the subject to record, on a daily 
basis, information such as doses of IMP taken at 
home, concomitant medication, adverse events or an 
effi cacy variable (such as a change in their medical 
condition). Care should be taken in the preparation 
of the diary card, so that it is a simple  ‘ user friendly ’  
document. It must not comprise a collection of 
standard pages from the CRF. It should use layman ’ s 
language, and give full and clear instructions on how 
it should be completed. If subjects are required to rate 
their medical condition or adverse events, the diary 
card should contain clear guidance on the criteria to 
use. Clearly, data recorded by subjects at home will 
be less complete and reliable than those recorded by 
trial personnel in an inpatient trial. To increase the 
chances of capturing important information, keep to 
a minimum the number of data fi elds. 

 Diary cards must be approved by an ethics com-
mittee, so they must be prepared at an early stage in 
the trial. The process for transfer of data from diary 
cards onto CRFs or directly into the trial database 
should be defi ned in advance.  

Alert card 
 The use of an alert card is not a specifi c regulatory 
requirement. However, in many clinical trials, it is 
appropriate that an alert card be given to subjects, 
particularly if they are outpatients. In an emergency, 
the alert card will identify that the subject is in a 
clinical trial and provide information on the nature 
of the clinical trial and whom to contact for informa-
tion. The alert card should contain the investigator ’ s 
name and contact details, and a 24 - h contact number 
(the contact should have knowledge of the trial and 
not just be a hospital duty physician), the protocol 
code and the indication (perhaps modifi ed to be 
more acceptable to the subject).  

Standard  operating  procedures 
 Standard operating procedures (SOPs) are detailed 
written instructions designed to achieve uniformity 
in the performance of a specifi c function. Many phar-
maceutical companies, hospitals and institutions 
work to SOPs. SOPs should be written so that they 
can be of use to new or experienced staff, both for 
training and for information. Forms, templates and 
checklists should be referenced in the SOPs, and, 
where appropriate, fl ow charts  [15]  should illustrate 
the procedures being described. All SOPs should be 
reviewed and, if required, updated on a regular basis. 

Source  documents
 Source documents are original records, such as 
medical records, laboratory reports, subjects ’  diaries, 
pharmacy dispensing records, recorded data from 
automated instruments and radiographs. They con-
tain source data. 

 The protocol should specify what data will be 
recorded in the medical records and transcribed into 
the CRF (data for which the medical records are the 
source document), and what data will be recorded 
directly into the CRF (data for which the CRF is the 
source document). For example, the following data 
will usually be transcribed from the medical records: 
date of consent, key baseline medical fi ndings, visit 
dates, start and fi nish dates of trial treatment, concur-
rent medication, adverse events, key effi cacy results 
and any actions or interventions (such as escape 
medication). Additional information in the medical 
records, such as biopsy reports and radiographs, will 
provide confi rmation that the data in the CRF have 
been recorded correctly. Furthermore, trial data in the 
subject ’ s medical record may be of use to any future 
consulting physician responsible for the care of the 
subject. 

 Monitors, QA auditors and inspectors need to see 
all the medical records available to the investigator. It 
is not acceptable to create copies of data from CRFs 
or checklists derived from medical records and claim 
that these are source documents.  

Storage of  medical records 
 The investigator should know what will happen to the 
medical records of trial subjects who have partici-
pated in clinical trials at his or her institution. The 
medical authorities or the institution should have 
guidelines for the retention of records before they 
are scanned into an electronic form, microfi ched 
or destroyed. Usually, when they are changed into 
another form, the medical records will be reviewed 
by administration staff and those items deemed not 
essential will be removed and destroyed. The investi-
gator should be aware that complete medical records 
will be required for any future inspection by a regula-
tory agency. The medical record for each participat-
ing subject should be labelled on the front, stating 
that the record should not be destroyed without con-
sultation with the investigator or before a certain 
date. (For further information on length of storage of 
documents, see  ‘ The end of the trial ’ .) The routine 
medical record - keeping procedures must be adequate 
to support running of the clinical trial, to GCP stand-
ards at each investigator site.  
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period. The scale of, and uncertainty in, this task are 
self - evident, and only exacerbated by unpredictability 
of rate of recruitment of patients. 

Manufacture 
 Manufacture of the IMP may be done by the phar-
maceutical company sponsoring the clinical trial or 
may be contracted out. The manufacture of clinical 
trial medication requires a long run - in period, prob-
ably 6 months or longer. It is affected by other manu-
facturing commitments and the stage of development 
of the formulation. Changes to the formulation 
during clinical development can cause delays, par-
ticularly if different formulations have different dis-
solution rates, as that may lead to variation in 
bioavailability resulting in changes to the extent and 
timing of the clinical response. If such variation 
is potentially signifi cant, a clinical comparison of 
the formulations (bioequivalence trial  [19] ) may be 
required. If the differences are marked, it could throw 
doubt on the relevance of the clinical trial(s) already 
completed. 

 It is most effi cient to make one order for all the 
medication for a clinical trial programme. But the 
size of the order can be immense, equalling the order 
for start - up stock for the product when it is eventu-
ally launched. Its manufacture is therefore a major 
undertaking. Also, consider that development of the 
IMP may cease after the results of early trials have 
been analysed. Furthermore, it is not possible to make 
one order for the entire programme if the formula-
tion is at an early stage of development or has a short 
shelf - life. 

 The manufacturer of the IMP should provide a 
standard request form for the investigator or sponsor 
to use when ordering supplies. Well - designed forms 
help the person completing the form to provide criti-
cal information.  

Comparators 
 In addition to manufacturing placebo, the sponsor 
may need to obtain clinical trial supplies of a mar-
keted comparator from another manufacturer. The 
precise requirements for blinding (such as similar 
size, colour and no identifying features) can be dif-
fi cult to meet. Not surprisingly, any approach by the 
sponsor may be met by the manufacturer with some 
hesitation, or even obstruction, with unreasonable 
requests for access to information. It is customary to 
provide a copy of the protocol, or at the least an 
outline, with clear indication of the material needed 
and the timeframe for its supply. 

 Most SOPs will provide guidance that can be 
applied to any clinical trial, for example, the method 
for measuring blood pressure, the procedure for 
storing clinical trial material or procedures for 
putting contracts in place. However, some SOPs 
might be trial - specifi c, to ensure uniformity of pro-
cedures in a global multicentre trial (e.g. unblinding 
procedures). Laboratories involved in the trial should 
have SOPs defi ning maintenance, validation and use 
of their equipment and methods. 

 In the UK, National Health Service (NHS) ethics 
committees follow the SOPs issued by NRES. These 
SOPs, which are available from the NRES website, are 
a useful reference for investigators in the UK. They 
summarise the regulations governing clinical trials, 
and explain how investigators should submit applica-
tions, and what information investigators and spon-
sors must report to the ethics committee during and 
after a trial.    

The IMP and  its documents

 The time taken to prepare, pack and label medication 
in accordance with regulatory requirements can delay 
the start of clinical trials. Not so long ago, the care 
and attention devoted to the preparation of IMPs was 
far from stringent. However, the regulators pointed 
out that it was illogical that IMPs were not subject to 
the controls that would apply to the formulations of 
which they are the prototypes. Nowadays, all IMPs 
used in trials in Europe must be produced according 
to GMP  [16 – 18] ). IMPs used in trials in patients in 
the USA must be made to GMP. But, in 2008, the FDA 
made most IMPs for use in phase I trials exempt from 
GMP requirements. Instead, the FDA will oversee 
manufacture of those IMPs through their general 
statutory GMP authority and through review of 
applications for approval of phase I trials (IND 
applications). 

 The EU Clinical Trials Directive requires that every 
batch of IMP used in a clinical trial in Europe be 
signed off by a Qualifi ed Person, to confi rm that it 
has been made to GMP, and that it is of suitable 
quality. Manufacturers and importers of IMP for use 
in clinical trials in Europe must be licensed. And 
IMPs must be labelled in line with the requirements 
of Annex 13 to EU GMP  [16] . 

 Manufacture of the IMP should start as early as 
possible. Foresight is not easy, particularly when a 
series of related trials using the same IMP is being 
planned and scheduled to start over perhaps a 2 - year 
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 Procedures must be in place, and monitored, to 
ensure that each subject receives the correct treat-
ment allocation. The dosing instructions must be 
clear. In a blinded trial, it is advisable to establish any 
differences between the test drug and the compara-
tors in smell, appearance, consistency to touch and 
taste: many blind trials have been unblinded by dif-
ferences in such basic characteristics.  

Shipping and importation
 The transfer of IMP to the investigator site requires 
forward planning. If the site is abroad, knowledge of 
the local import/export rules is essential. Importation 
documents will be needed, custom ’ s dues must be 
paid or waived, and certifi cation may be required to 
confi rm that use of the IMP has been approved. 
Special arrangements may need to be made in 
advance, to ensure that the IMP is stored under suit-
able conditions while it clears customs. 

 The principal investigator may be the direct recipi-
ent of IMP at the point of importation. Alternatively, 
local company staff may sign for and collect the IMP. 
Local company staff will be able to provide the docu-
mentation necessary for accreditation and clearance 
of the IMP, and to advise on procedures and potential 
causes of delay. 

 Each shipment should be accompanied by a docu-
ment listing the contents of the shipment. Particular 
attention should be given to the dates when the IMP 
was dispatched from the supplier and when it arrived 
at the investigator site, and to data downloaded from 
temperature loggers included in the shipment. The 
investigator should acknowledge in writing receipt of 
each shipment.  

Control and  documentation of IMP
 The investigator site must check, acknowledge and 
record each batch of IMP. All IMP received, used 
and returned or destroyed must be accounted for. 
Any relaxation of drug accountability, as is seen 
sometimes in multicentre trials of many thousand 
subjects, can cause problems in monitoring the 
correct formulations and doses given to the subjects. 
The signifi cance of the results in such a trial may 
then be called into question. Records of accountabil-
ity and manufacture of IMP are kept, with other 
supporting documents (see Box  8.3 ), in the trial 
master fi les.   

 The IMP should be stored in a secure facility, free 
from pests and vermin. The environment where the 
IMP is kept should be controlled and monitored for 

 Faced with diffi culties in obtaining supplies directly 
from a rival manufacturer, the sponsor may decide to 
elect for a  ‘ double - dummy ’  technique, or to mask the 
identity of the IMP and the marketed comparator, for 
example by over - encapsulation. In doing the latter, it 
must be considered that the absorption characteristics 
of the comparator might be changed, and the bioa-
vailability  [19]  of the modifi ed and the original for-
mulation should be compared. In the case of 
over - encapsulation of IMP and comparator in gelatin 
capsules, simple  in vitro  dissolution studies may be 
suffi cient to demonstrate that the absorption charac-
teristics of the formulation are unlikely to be affected. 
The results of such studies should be presented in the 
application for regulatory approval of the trial.  

Presentation 
 The clinical trial material must be suitably packaged 
for the trial. In early trials, it will usually be appropri-
ate to provide bulk supplies to the investigator, so that 
the dose can be determined, and dispensed at the site, 
as the trial progresses. In later trials, optimal pack size 
will be dictated by the duration of treatment, and the 
intervals between visits. In outpatient trials, excess 
medication is usually dispensed to the patient, to 
allow for possible delays in renewing stocks of IMP. 
Furthermore, a count of the returned medication at 
each visit will reveal compliance. 

 The material must be appropriately labelled. IMP 
that has been packaged for individual subjects in 
trials in Europe must be labelled in accordance with 
Annex 13 to GMP  [16] , in the local language. The 
labelling requirements of Annex 13 are summarised 
as follows:
    •      name, address and telephone number of the main 
contact for information on the IMP, trial and emer-
gency unblinding (sponsor, contract research organi-
sation or investigator);  
   •      pharmaceutical dosage form, route of administra-
tion, quantity of dose units and, in open trials, the 
name and strength of the IMP;  
   •      batch number;  
   •      trial code;  
   •      subject number and visit number;  
   •      name of the investigator;  
   •      directions for use (reference may be made to a 
leafl et or other explanatory document);  
   •       ‘ for clinical trial use only ’  or similar wording;  
   •      storage conditions;  
   •      expiry date;  
   •       ‘ keep out of reach of children ’ , unless the IMP will 
not be taken home by subjects.    
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IMP has not expired. Monitors should check that the 
amount of IMP leaving the pharmacy on any given 
date matches that administered to subjects. The in -
vestigator, pharmacist or their staff, and the monitor, 
must check any returned IMP. The number of cap-
sules or tablets in the returned containers must be 
recorded and must be consistent with the informa-
tion in the CRFs and the dispensing records. 

 In Europe, repackaging and relabelling of IMP are 
classed as manufacturing, and must be done in a 
licensed unit, in accordance with GMP, and checked 
by a Qualifi ed Person. There is an exemption in the 
UK for repackaging and relabelling of IMP in a hos-
pital or health centre by a physician, pharmacist or 
person being supervised by a pharmacist, if the IMP 
is to be used in an investigator site that is a hospital 
or health centre. Typically, in early trials, the IMP may 
need to be repackaged and relabelled from bulk 
supplies, or a primitive formulation may need to be 
reconstituted and diluted. Many early trials are done 
by contract research organisations (CROs). They are 
not hospitals or health centres, so they must have a 
licence if they are to do any manufacturing work on 
an IMP. Manufacturing work needs to be covered by 
a contract called a technical agreement. Additional 
licences are required if investigator sites import or 
store controlled drugs, which may be used as IMPs or 
as part of trial procedures (e.g. subjects may be 
sedated with midazolam before endoscopy). 

 In early trials of an IMP, the expiry date may be 
extended, as more stability data become available. 
The labelling should always meet the local GMP regu-
lations. In Europe, an additional label, showing the 
batch number of the IMP and the new expiry date 
should be attached to the container such that it does 
not obscure the batch number on the original label. 
That should be done at a licensed site but, where justi-
fi ed, can be done or supervised by a pharmacist, or 
done by an appropriately trained trial monitor. The 
process must be done in line with the principles of 
GMP, checked by a second person, covered by a con-
tract and fully documented. 

 At the end of the trial, the IMP should be destroyed 
or returned to the supplier. Destruction of IMP must 
be witnessed and recorded on a signed certifi cate. 
Return of IMP to the supplier should likewise be 
recorded. 

Emergency  unblinding
 Emergency code - break information is usually pro-
vided in sealed envelopes,  ‘ advent ’  sheets or sealed 
label covers on the IMP containers that, when opened, 

temperature and humidity. Records must show where 
the IMP was stored throughout the trial. 

 In most investigator sites, the pharmacy will play 
an important part in the storage and accountability 
of the trial material. In some countries (e.g. France), 
the local regulations insist that a pharmacist super-
vises the storage and ensures the traceability of the 
IMP. Occasionally, there is no pharmacy at the site, or 
the investigator makes independent arrangements 
with the sponsor. 

 Procedures at the investigator site must ensure that 
each subject gets the correct medication, and that the 

BOX 8.3    Documents  p resent in  m aster  fi  les 

 c oncerning the  i nvestigational  m edicinal  p roduct 

( IMP ) 

        •      IMP dossier (for clinical trials in Europe) *

   •      Instructions for handling IMP (may be in protocol 

or Investigational Medicinal Product Dossier)  

   •      Technical agreement to cover any manufacturing 

work done at the investigator site (if applicable)  

   •      Certifi cate of analysis  

   •      Certifi cates of conformity with pharmacopoeial 

standards (e.g. for excipients or packaging 

materials) *

   •      Certifi cates of Good Manufacturing Practice (GMP) 

compliance or, in Europe, QP release certifi cate for 

each batch of IMP, confi rming compliance with 

GMP and the IMP specifi cation given in the 

application for regulatory approval  

   •      Shipping records  

   •      Import licence (if appropriate)  

   •      Sample IMP label and (if appropriate) translation 

certifi cate *

   •      Records of manufacturing done at the investigator 

site (e.g. dissolution and dilution of IMP, 

repackaging and relabelling of IMP)  

   •      Accountability records, with batch number and 

expiry date, showing receipt, storage location, use, 

return to pharmacy, and destruction, or return to 

sponsor, of each dose unit of IMP  

   •      Dosing records  

   •      Certifi cate of destruction of IMP (if destroyed at 

site)  

   •      Emergency code - break procedures (usually a sealed 

envelope for each subject)  

   •      Investigator ’ s confi rmation of receipt of code - break 

documents*

   •      Code - break documents returned to supplier at end 

of trial (in sealed containers) *

   •      Master randomisation list in sealed envelope (if trial 

still blind) *

*  Usually present only in sponsor offi ce   
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CRFs? The potential investigator should examine his 
or her motivation for doing the clinical trial. It is 
often fi nancial, perhaps to provide additional funds 
for new equipment or staff, but it may be scientifi c 
curiosity, or the desire to improve patient treatment 
or to improve the investigator ’ s professional status by 
publication.  

Considerations by the  sponsor in selecting suitable
investigators   There are various ways to select good 
investigators but none is foolproof. Investigators 
found to be satisfactory in previous trials may be 
selected. However, circumstances change, supporting 
staff leave, enthusiasm wanes or other trials demand 
attention. The best investigator in a previous trial 
may fail in the next trial. 

 There will often be a need for one or two opinion 
leaders to be involved in the trial. They may have 
helped in the design of the trial and will contribute 
to any future publications. Their infl uence among 
their peers may help later to promote the use of the 
product. They may wish to participate actively in the 
trial, although most of the clinical trial work at their 
site will be delegated to a more junior physician. It 
should never be assumed that a physician with high 
professional standing in his or her fi eld will necessar-
ily be a good investigator. 

 Sometimes, pharmaceutical companies have previ-
ous experience of working with suitable investigators 
in a particular therapeutic area. The opinion leaders 
themselves may know individuals suitable as investi-
gators. Young investigators with some clinical trial 
experience may have suitable patients, and the ability 
and patience to cope with the considerable amount 
of paperwork required in most clinical trials. 

 There are now several commercial organisations 
that can provide a list of  ‘ suitable ’  investigators for a 
particular indication. Any assumption that the indi-
viduals are in fact suitable should be based on an 
independent assessment. 

 For phase I trials in the UK, the ABPI guidelines 
 [10]  give guidance on the education and experience 
expected of principal investigators.   

Pre -trial visit
 Experienced sponsor staff should visit the investiga-
tor site before a clinical trial starts, even if the inves-
tigator has been involved in previous trials. Most 
pharmaceutical companies have checklists and SOPs 
dictating the requirements of an investigator site. 
Sponsor staff should inspect the clinical, pharmacy, 
storage and administration facilities, and speak to key 

will indicate which treatment the subject has been 
administered in a blind trial. Their purpose is to 
provide the information the investigator needs for 
treating a subject in an emergency. 

 Normally, the investigator should ask the sponsor 
to unblind the subject if necessary, thus improving 
the chances of maintaining the blinding of the whole 
trial. There must be adequate arrangements for emer-
gency unblinding outside normal working hours. 

 The sealed codes should be provided with the IMP, 
and a blinded trial should not start until the sealed 
codes are available at the investigator site. Investiga-
tors must be informed that they must not unblind 
their own trial subjects, out of curiosity, when the 
trial has been completed at their site. All sealed (and 
unsealed) codes should be checked and returned to 
the supplier at the end of the trial.    

Running the clinical trial

Before the  start of the trial
Selection of investigators 
 The selection of investigators is critical to the success 
of a clinical trial. The principal investigator should 
have previous experience of clinical trials, and quali-
fi cations that refl ect experience in the relevant indica-
tion. Exceptions can be made when an IMP is being 
investigated in general practice. In this situation, not 
every practitioner will be trained to undertake clini-
cal trials or have special knowledge of the disease 
being treated. The sponsors should overcome any 
defi ciencies by providing training and good monitor-
ing. However, many of the most relevant criteria of 
suffi cient and suitable staff support, facilities and trial 
subject population will be determined in the pre - trial 
visit (see  ‘ Pre - trial visit ’ ). 

 The pharmaceutical physician may be an investiga-
tor or may be part of a sponsor organisation selecting 
investigators for a trial. 

Considerations before  becoming an investigator   The 
investigator must decide whether it is feasible for a 
clinical trial to be done in his or her facilities. The 
most important considerations are availability of 
time and resources. In particular, the investigator 
should consider whether other interests (e.g. other 
clinical trials in the same patient population) might 
interfere with his or her participation in the trial. 
The investigator should seek information about the 
sponsor: does the sponsor provide adequate monitor-
ing and support, and user - friendly protocols and 
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capable of conducting an international clinical trial 
with minimal contribution from the sponsor; CROs 
specialising in the conduct of early phase trials; spe-
cialised groups for data management, regulatory 
affairs, monitoring and auditing; to a single consult-
ant for statistical analysis or medical writing. 

 A more recent development has been the emer-
gence of SMOs, which manage investigator sites. 
Many delays in clinical development occur in the 
setting up and initiation of trials at investigator sites. 
These delays result from obtaining ethics committee 
approval, subject recruitment or the training of staff. 
Individual SMOs should be able to identify investiga-
tors capable of conducting the trial who have access 
to a large number of suitable subjects and are familiar 
with GCP and the local regulations. In addition, they 
can save the sponsor time by providing a single 
contact for contract and budget negotiations. Several 
varieties of SMO exist, some specialising in particular 
indications  –  perhaps attached to an institution 
focused on that indication, some providing support 
for independent investigators and some being totally 
independent business enterprises. 

 The pharmaceutical physician should be involved 
in the selection of CROs and SMOs. He or she is often 
best qualifi ed to judge the professional competency 
of the physicians involved in any contractual work. 
There needs to be a clear understanding as to who 
will provide medical advice to the investigator and to 
the non - physicians in the clinical trial teams, who will 
be responsible for the assessment of the medical sig-
nifi cance of adverse events, SAEs and safety issues in 
general, and who will do any medical coding. The 
responsibility for custody of the clinical data should 
be clearly defi ned at each stage from initial recording 
to fi nal analysis. It is essential to document the roles 
and responsibilities of the sponsor, the contracted 
organisation and the investigators, who will always 
have ultimate responsibility for the safety and care of 
their trial subjects.   

Technical  considerations 
 Before a clinical trial starts, the sponsor must con-
sider the use of technical aids such as IVRT, remote 
data entry, electronic diaries and electronic tracking 
systems that provide status and monitoring reports. 
All these systems utilise computer systems that must 
be validated (see  ‘ Computer systems in clinical trials ’ ). 

Interactive  voice response technology
 The use of IVRT  [20]  can improve effi ciency at the 
investigator site. Investigators and their staff interact 

site staff. The sponsor should check SOPs; staff levels 
and competence; workload of the site; mainte -
nance and calibration of equipment; and available 
resources. Questions should always be asked about 
the site staff  ’ s understanding of GCP, in particular, 
the importance of informed consent and ethical 
approval, and of the importance of maintenance of 
confi dentiality of the sponsor ’ s documents. 

 Finally, the sponsor will need to explore with the 
investigator the protocol, which may be still in draft 
form. The investigator must know what will be 
required of him or her and the site staff, and must be 
asked whether the procedures in the protocol are 
acceptable to him or her. When the protocol is fi nal-
ised, the investigator will need to follow the protocol 
exactly.  

Preparing for the  trial
 At the time of the pre - trial visit, and certainly before 
any subjects are recruited, many other activities will 
need to take place. The medical management must 
select the laboratories to be used, and organise QA 
auditors to audit IMP manufacturers and distribu-
tors, investigator sites and suppliers of software for 
the clinical trial [e.g. electronic diaries or interactive 
voice response technology (IVRT)]. Team coopera-
tion at the sponsor site is essential for the future 
success of the trial. 

 Only in very exceptional circumstances do the 
qualifi cations and experience of the pharmaceutical 
physician warrant their involvement in these exer-
cises. He or she should understand that these activi-
ties need to be undertaken and the contribution that 
each activity will make to the trial. However, the phar-
maceutical physician will be involved if part of the 
clinical work is to be delegated to a CRO or a site 
management organisation (SMO), or they are part of 
a strategic team planning the clinical trial.  

Contract  research  organisations and  site
management organisations 
 There is a growing reliance by sponsors on contract-
ing out part or all of the work of the clinical trial 
to a subcontractor. The reasons are many, but com-
monly refl ect limited staff resources, pressures of 
time and inability to identify and organise inves-
tigators, especially into a collaborative group (for 
instance, general practitioners in one locality). In 
independent trials by investigators, additional exper-
tise may be needed in areas such as regulatory affairs, 
statistical analysis or data management. Subcontrac-
tors offer different services, ranging from large CROs 
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small portable devices that can present text and 
graphics to the subject. They allow the subject to 
record and store responses, which can be automati-
cally time - stamped. The data can then be down-
loaded directly into the clinical trial database. The 
main drawbacks include the need for training the 
subject in use of the diary, possible variations in local 
time settings and the logistics of distribution, main-
tenance and recovery of the diaries.  

Clinical laboratories 
 Traditionally, the local hospital pathology depart-
ment provided laboratory safety data for clinical 
trials. Increasingly, sponsors are using central labora-
tories to which some or all the laboratory samples 
from a multicentre trial are sent. Central laboratories 
ensure that standard methods and reference ranges 
are used, which reduces variation among investigator 
sites. In addition, all the laboratory results can be 
transferred electronically to the main database, thus 
avoiding the opportunity for errors in the transcrip-
tion of data from the laboratory report into the CRF 
and then into a database. 

 However, there are drawbacks as well as advan-
tages. Clinical trials for certain intensive care indica-
tions (e.g. trauma and acute myocardial infarction) 
will require frequent monitoring of certain labora-
tory parameters, and the rapid turnaround of results, 
by a local laboratory, is essential. Some laboratory 
variables, such as coagulation variables, must be 
measured quickly, before degradation occurs. That 
may not be possible if the central laboratory is a dif-
ferent part of the country or even in another conti-
nent. Some investigators may request laboratory data 
on the same sample from two sources  –  local and 
central. This may be due to poor training, but may 
refl ect the investigator ’ s mistrust of data from an 
unfamiliar, and perhaps foreign, central laboratory. 
The protocol must clearly specify which results will 
be used in any safety analysis. The regulatory authori-
ties will not accept an arbitrary selection based on 
favourable or unfavourable results that may bias any 
future safety analysis. 

 A good central laboratory will provide adequate 
packaging and arrange the delivery of samples by 
courier. The International Air Transport Association 
(IATA) regulations for the transport of biological 
samples across national borders need to be observed. 
Most blood samples will fall into risk group II (mod-
erate individual risk, limited community risk). 
Further information can be obtained from the IATA 
website ( www.iata.org ). Staff responsible for the 

with the system by pressing keys on their touchtone 
telephone in response to a recorded voice request. In 
a typical example, when a new subject is recruited to 
a clinical trial, the subject randomisation number is 
allocated in return for demographic information, 
such as subject initials, eligibility criteria, age, sex and 
weight. In addition, IVRT can be used to track clinical 
trial material and ensure that the correct treatment is 
provided to each subject. Patient packs of IMP will 
be prepared in sub - batches containing all possible 
treatments in the ratio specifi ed by the protocol: 
sub - batches of two, for trials with two treatments 
and a 1   :   1 treatment allocation ratio; sub - batches of 
three, for trials with two treatments and a 2   :   1 treat-
ment ratio. This ensures that the ratio of subjects at 
a site receiving each treatment is as defi ned in the 
protocol.  

Electronic  data capture and  remote data entry
 Electronic data capture is the process by which data 
are entered directly into a computer database [called 
an electronic CRF (eCRF)), rather than on to a paper 
CRF, at the investigator site. Remote data entry is the 
process by which data are entered at the investigator 
site from the paper CRF into an electronic database, 
which is available to sponsor staff to review. The 
design of the computer database mirrors that of the 
paper CRF. 

 Electronic data entry systems provide screen 
prompts and automatic checks. These can remind the 
investigator to enter missing responses and can imme-
diately fl ag values of potential clinical concern, incon-
sistencies and invalid entries. It may be possible to 
automatically download some data, such as labora-
tory data, thus avoiding the need for data entry. Each 
user is identifi ed by a specifi c username and password, 
so that entries and changes to data can be traced. 

 Using web - based eCRFs and databases, monitors 
can review the data from the sponsor ’ s offi ce and 
notify the investigator of any corrections required. As 
the sponsor has access to the data in real time, the 
most up - to - date results can inform decisions on the 
conduct of the trial, such as changes to the dosing 
regimen in early phase trials. 

 If an eCRF is used, it is essential to have a back - up 
paper CRF, for use in case of disaster, such as power 
failure. Security of any web - based system must be 
ensured, for example by use of encryption.  

Electronic  subject diaries
 Paper subject diaries are notorious for being illegible, 
incomplete and inaccurate. Electronic diaries are 
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Authority). The application process is briefl y sum-
marised below. 

 An application for a clinical trial of an IMP must 
be submitted to an appropriate committee, called the 
main committee. The chief investigator  –  the investi-
gator with overall responsibility for the trial  –  makes 
the application to the main committee. Each princi-
pal investigator  –  the investigator with responsibility 
for the trial at a site  –  makes an application to his or 
her local ethics committee for review of site - specifi c 
issues. In a single - centre trial, the chief investigator 
is also the principal investigator; likewise, the chief 
investigator might be the principal investigator at one 
of the sites in a multicentre trial. 

 The sponsor should provide assistance to the chief 
investigator, to enable him or her to meet the deadline 
for submission. In particular, the sponsor must 
provide: supporting documents, such as evidence of 
insurance; and information that the chief investigator 
needs to complete the NRES application form, such 
as details of subcontractors to be used in the trial and 
duration of storage of samples taken during the trial. 
The sponsor must also review promptly drafts of the 
ICF and any diary cards to ensure that they are fi nal-
ised before the deadline. The sponsor ’ s pharmaceuti-
cal physician will usually be responsible for ensuring 
that the description of the risks of the IMP and trial 
procedures given in the ICF is accurate. 

 The chief investigator is invited to attend the ethics 
committee meeting to answer questions about the 
application. There are fi ve possible outcomes of the 
ethical review:
1.     favourable opinion, with standard conditions;  
2.     favourable opinion, with additional conditions 
that must be met before the trial can start;  
3.     provisional approval, with details of what further 
information is required to secure approval;  
4.     provisional opinion pending consultation with a 
referee; and  
5.     unfavourable opinion.    

 The chief investigator is notifi ed in writing of the 
decision within 10 working days of the meeting. In 
the case of a provisional opinion, the ethics commit-
tee aims to give a fi nal opinion within 40 days of 
receipt of the initial application and has a statutory 
obligation to give a fi nal opinion within 60 days of 
receipt of the initial application (but note that the 
60 - day clock stops ticking while the committee waits 
for any further information from the investigator). A 
full description of the process, and the forms, are 
available on - line from NRES  [14] . 

packaging of the samples for dispatch will require 
appropriate recognised training.  

Training of the  investigator and site staff
 The competence of the investigator and the site staff 
is, overall, the responsibility of the institution or 
employing authority, and the immediate responsibil-
ity of the investigator. The sponsor cannot train the 
site team in the medical, scientifi c or technical aspects 
of trial procedures, or the care of the subjects. But 
the sponsor must provide training to ensure that the 
staff understand the basic requirements of the trial 
and any specifi c trial - related procedures. All staff 
involved in a clinical trial must have had documented 
training in GCP and in the key elements of the spe-
cifi c clinical trial.  

Investigator meetings
 Investigator meetings contribute to the smooth 
running of the trial. To the pharmaceutical physician, 
these are an important opportunity to meet investiga-
tors, obtain expert advice on trial design and learn 
about potential problems before they occur. 

 Investigator meetings can be single - centre or multi -
centre meetings, and may have global representation. 
Meetings should be attended by the investigators, 
their staff and key individuals from the sponsor. 
There should always be an investigator meeting, 
called an initiation meeting, before the clinical trial 
begins at a particular site. At that meeting, the 
sponsor must discuss with the investigator and site 
staff trial - specifi c procedures, including procedures 
for recording data in the CRF. Other investigator 
meetings may take place during a trial to update 
investigator site staff and train new investigators. 
They should normally include sections relating to 
GCP and safety aspects, IMP accountability and 
administration, recording of data and review of 
the protocol. Such meetings are opportunities to 
ensure uniformity of procedures and to resolve any 
misunderstandings.  

Ethics committee application
 The investigator is usually responsible for making the 
ethics application. 

 Since the implementation of the EU Directive in 
2004, NHS ethics committees in the UK have fol-
lowed common SOPs under direction of NRES (pre-
viously called the Central Offi ce for Research Ethics 
Committees, or COREC, and, in 2011, brought under 
direction of the newly established UK Health Research 
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 In the USA, an IND application is made to the FDA 
using Forms 1571 and 1572, the latter giving details 
of the investigators, facilities and IRB(s)  [23] .  

Additional approval 
 Depending on the nature of the trial, additional 
approval may be needed before the trial can start. For 
example, in the UK:
    •      trials involving administration of radioactive sub-
stances need approval of the Administration of Radi-
oactive Substances Advisory Committee (ARSAC);  
   •      trials of investigational medicinal products for gene 
therapy, stem cell therapy or other advanced therapy 
medicinal products may need approval of the Gene 
Therapy Advisory Committee or a specialised ethics 
committee; and  
   •      investigator sites in the NHS need management 
(research governance) approval from the investiga-
tor ’ s NHS care organisation.     

Budgets and contracts 
 Responsibilities must be clearly defi ned in a contract 
 [24] . The contract, and, in particular, arrangements 
for compensation of subjects in the event of a trial -
 related injury, should be in place before the trial 
begins. However, a letter of intent may allow the trial 
to start before the fi nal budget has been agreed, pro-
vided that a signed general agreement is in place 
obliging the sponsor and investigator to comply with 
ICH GCP and local regulations, and setting out 
arrangements for compensation of trial subjects and 
indemnifi cation of the investigator. 

 There should be a clear understanding of the costs 
and expenses that the site ’ s institution or hospital will 
absorb and what the sponsor will pay for either 
directly or indirectly. It is helpful to try to separate 
the cost of materials and equipment hire from the 
cost of the services provided by staff. Many pharma-
ceutical companies now utilise a contracts manager 
to manage trial costs. In all fi nancial matters concern-
ing clinical trials, all costs and expenses must be 
clearly recorded. 

 The means and timing of payments must be docu-
mented in the contract. Agreement should be reached 
on contractual arrangements for premature trial ter-
mination and payments to be made when data from 
a trial subject are not evaluable, for example, because 
the subject withdraws from the trial, or the investiga-
tor deviates from the protocol. The contract with the 
investigator ’ s institution must cover all subcontracted 
duties, including those that will be subcontracted by 

 After the investigator has obtained ethics approval, 
he or she can begin recruiting subjects for the trial. 
But the trial cannot start until it also has the approval 
of the regulatory authority. 

 Procedures in other EU countries differ, but 
throughout Europe, ethics committees are required 
to give a single opinion on each trial within 60 days. 
Further details are in the detailed guidance to the EU 
Clinical Trials Directive on the application format 
and documentation to be submitted in an application 
for an ethics committee opinion on the clinical trial 
on medicinal products for human use  [8] . In the 
USA, the investigator applies for institutional review 
board (IRB) approval. Multicentre trials may be 
reviewed separately by each site ’ s IRB, or by one 
central IRB, or the responsibilities for review may be 
shared between a central IRB and local IRBs (e.g. the 
central IRB may be primarily responsible for the 
review, but local IRBs might review the ICFs for local 
concerns)  [21] .  

Regulatory approval 
 Clinical trials must be approved by the appropriate 
government agency before they start. The EU Clinical 
Trials Directive  [5]  has standardised the process 
of regulatory approval within Europe. In each EU 
country, the regulatory authority has 60 days to con-
sider an application for clinical trial authorisation 
(CTA). 

 Before submitting an application for a CTA, the 
sponsor obtains a EudraCT trial number online, 
and then completes an online application form. The 
sponsor sends the application form to the relevant 
competent authority, with supporting documents. 
Those supporting documents include protocol, 
investigators brochure, IMP dossier, the IMP label 
and the manufacturer ’ s licence. Full details are in 
the detailed guidance to the EU Clinical Trials 
Directive on application for a CTA, notifi cation of 
substantial amendments and declaration of the end 
of a trial  [22] . 

 In the UK, the Medicines and Healthcare products 
Regulatory Agency (MHRA) initially has 30 days to 
respond to the application. There are two possible 
outcomes of the review:
    •      acceptance with or without conditions; or  
   •      notifi cation of grounds for non - acceptance.    
 If the application is not accepted, the sponsor may 
respond to the grounds for non - acceptance within 14 
days, and the MHRA will give a fi nal decision within 
60 days of receipt of the original application. 
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on public databases (such as  www.clinical trials.gov ) 
and on sponsor ’ s own websites, so patients can search 
for trials that may be of interest. 

 CROs that specialise in healthy volunteer trials 
have databases of volunteers who have expressed an 
interest in participating in clinical trials. CRO staff 
can search the database for suitable volunteers, and 
contact them with details of the trial. However, adver-
tising is often still necessary to meet recruitment 
targets. 

 There are guidelines and regulations  to observe 
before embarking on an advertising campaign for a 
clinical trial [26] . Before the advertisement is placed, 
an ethics committee must approve it, whether it be a 
newspaper advertisement or a video or audio message. 
The information presented should be limited to that 
required by prospective subjects to determine their 
interest and eligibility. The following may be included 
 –  the name and address of the investigator, the 
purpose of the research, a summary of the entry 
criteria, a description of any benefi ts to the subject, 
the time or other commitment required, the location 
of the research and the person to contact for 
information. 

 Advertisements should not be coercive. No claims 
should be made, either explicitly or implicitly, that 
the drug or device is safe or effective for the indica-
tion. Terms such as  ‘ new drug ’ ,  ‘ new medication ’  or 
 ‘ new treatment ’  should not be used without an expla-
nation that the treatment is experimental. Advertise-
ments should not promise  ‘ free medical treatment ’  
when the intention is only to say that subjects will not 
be charged for taking part in the trial. The key aspect 
is that patients should not enter clinical trials purely 
because they cannot afford to obtain medical treat-
ment for their illness. Advertisements may state that 
subjects will be paid, but should not emphasise the 
payment, for example, by using bold type.  

Collection of the data
 The expertise of the sponsor ’ s pharmaceutical physi-
cian will be used to support the clinical trial team in 
four main areas during a clinical trial.
1.     Monitoring .      The physician must understand the 
function of the monitor, and provide support. In 
particular, he or she may have to give medical 
advice when the suitability of a potential subject is 
considered.  
2.     Safety .      The physician must review, understand the 
importance of, and respond appropriately to adverse 
events, particularly SAEs. He or she must be aware of 
new safety information, such as new toxicological 

the investigator (e.g. laboratory tests or use of the 
pharmacy). 

 In addition to the undertakings relating to the par-
ticular trial, standard provisions should be included 
either in the contract, in the protocol, or in both. 
These include statements on indemnity, compensa-
tion of subjects, confi dentiality and publication, and 
agreement to audits and inspections. The investiga-
tors ’  responsibilities under ICH GCP guidelines, 
related guidelines (such as the ABPI guidelines, 
 [9,10] ) and local regulations should be identifi ed.  

Financial disclosure 
 Globally, there is concern that biased results could be 
produced from trials conducted by investigators who 
own shares in, or receive other fi nancial benefi ts 
from, the sponsor. The Declaration of Helsinki  [7]  
requires that  ‘ sources of funding, institutional affi lia-
tions and confl icts of interest should be declared ’  in 
any publication and the protocol. All trials conducted 
on products that are likely to be part of a submission 
to the FDA require the sponsor to make a disclosure 
of fi nancial holdings of the investigators that partici-
pate in all trials. Any signifi cant payments (US$25,000) 
that could infl uence the outcome of the trial, propri-
etary interest in the product under trial or signifi cant 
equity interests (excess of US$50,000) need to be 
declared by the investigator  [25] . 

 Most future products will need to benefi t from the 
potential sales of the US market. So, before com-
mencing a trial, the investigator should make a fi nan-
cial disclosure. Even when there is a considerable 
fi nancial interest in the success of the product, the 
fi nancial disclosure will not necessarily rule out the 
investigator ’ s role in the trial totally. Most inspector-
ates are more interested in what is not declared than 
what is. Ethics committees may also require fi nancial 
benefi ts and confl icts of interest to be declared.   

During the trial
Subject recruitment
 In the past, the recruitment of patients has been 
highly dependent on the activities of the investigator 
and the patients who were attending his or her clinic. 
Recommendation of a patient by the treating physi-
cian is still the preferred method for recruiting trial 
subjects. However, increasingly, advertisements are 
being used  –  on notice boards in clinics, on websites 
of patients ’  organisations, in the local press, and on 
television, radio and the internet. Furthermore, in a 
drive to increase the transparency of the pharmaceu-
tical industry, trials are increasingly being registered 
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allocate suffi cient time to answer the monitor ’ s ques-
tions and correct errors in the CRF. The monitor will 
need space to work and access to all the necessary 
documents, including medical records. 

 The role of the monitor is to verify that the rights 
of human subjects are protected; the trial data are 
accurate, complete and verifi able from source docu-
ments; and the trial is conducted in accordance 
with GCP, the protocol and regulatory requirements. 
The investigator and the site staff have primary 
responsibility for these aspects of clinical research. 
But, the regulatory inspectorates have, on numerous 
occasions, observed failures in consent and ethical 
approval procedures, and in data recording, when 
there has been no, or inadequate, monitoring.  

Use of the independent data-monitoring committee
 The pharmaceutical physician may be asked to serve 
on an independent data - monitoring committee 
(IDMC). It is an independent committee, comprising 
mainly physicians, that may be established to assess, 
at intervals, the progress of clinical trials, with respect 
to the safety data and critical effi cacy endpoints. The 
members of the committee may recommend the con-
tinuation, modifi cation or stopping of a clinical trial. 
When working on a  ‘ blinded ’  trial, any unblinded 
members must take great care not to unblind the 
other members. Another use for an IDMC is to 
provide an independent pool of experts to evaluate a 
particular measure of effi cacy in a multicentre trial, 
such as the size of a growth in a radiograph. This 
provides some degree of uniformity when many dif-
ferent physicians and specialists at individual sites are 
measuring many radiographs.  

Adverse  events and reactions
 ICH GCP defi nes adverse reactions and adverse 
events as follows:
    •       Adverse drug reaction
  In the pre - approval clinical experience with a new 
medicinal product or its new usages, particularly as 
the therapeutic dose(s) may not be established: all 
noxious and unintended responses to a medicinal 
product related to any dose should be considered 
adverse drug reactions. The phrase responses to a 
medicinal product means that a causal relationship 
between a medicinal product and an adverse event is 
at least a reasonable possibility, ie the relationship 
cannot be ruled out. 

 Regarding marketed medicinal products: a 
response to a drug which is noxious and unintended 
and which occurs at doses normally used in man for 

data, and interpret that information in the context of 
the trial.  
3.     Data interpretation .      The physician must interpret 
the signifi cance of test results, such as laboratory data, 
in relation to the IMP.  
4.     Coding .      The physician may be required to give 
support to the data manager who codes medical terms 
(such as adverse events) before the data are analysed.     

Monitoring visits
 One of the advantages of working with a large institu-
tion or pharmaceutical company is that there should 
be systems in place to monitor the trial properly. 
Investigators conducting independent trials should 
be aware that a trial nurse or another physician does 
not replace the role of the independent monitor. 

 The clinical trial monitor acts as a QC supervisor, 
usually covering several sites in the same trial, and so 
ensuring uniformity in the recording of trial data. 
The clinical trial monitor checks that the information 
in the CRF is complete, accurate and legible. He or 
she must do source data verifi cation, that is, check the 
data in the CRF against individual subject ’ s medical 
records and other supporting documents. Omissions 
such as concomitant drug treatment or development 
of a concurrent illness must be corrected. In addition, 
protocol deviations (such as missing visits) and 
details of subjects who do not complete the trial 
(including the reason) must be recorded. The monitor 
must ensure that each subject gave written informed 
consent before they underwent any trial specifi c pro-
cedure. The monitor will also help site staff to inter-
pret the protocol, and relay procedural instructions. 

 After each visit to the site, the monitor records in 
a visit report any errors in the CRF and omissions 
from the trial master fi le. Each error is recorded, and 
recurring errors are highlighted. Efforts to produce 
high - quality (or  ‘ clean ’ ) CRFs will be rewarded later 
when preparing the clinical trial database for analysis, 
as any corrections made after the CRF has left the site 
must be signed off by the investigator. 

 Monitoring reports also summarise the status of 
each subject recruited at the site. In some pharmaceu-
tical companies, the information is recorded on an 
electronic tracking system, which provides rapid 
updates on the progress at each investigator site. 
These updates, together with those from other inves-
tigator sites, allow rapid assessment of the progress 
and status of the whole trial. 

 The clinical trial monitor is a temporary member 
of the site team, and should make scheduled visits to 
the site. The investigator and the site staff should 
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the drug. These effects may be predictable where the 
mechanism is known (e.g. genetic polymorphism 
associated with hepatic metabolising enzymes) or 
they may be unpredictable (e.g. due to immunologi-
cal processes).  
3.     Type C (continuous) reactions are due to long -
 term use of the drug (e.g. analgesic nephropathy 
or peripheral neuropathy with reverse transcriptase 
inhibitors).  
4.     Type D (delayed) reactions are teratogenic or car-
cinogenic responses.  
5.     Type E (end - of - use) reactions occur with rebound 
withdrawal phenomena.    
 More recently, a Type F has been added: unexpected 
failure of therapy. 

 In phase I and II trials, Type A reactions are by far 
the most frequent. Type B are rare, which is fortunate, 
as some can be serious or even fatal. Table  8.1  shows 
the number of subjects that need to be studied to give 
a good chance (95%) of detecting an adverse event 
when there is no background incidence. The problem 
is many orders of magnitude worse if the adverse 
reaction closely resembles spontaneous disease that 
has a background incidence in the trial population.     

Reporting adverse  events and establishing causality
 Sponsors will have their own set of SOPs governing 
reporting of adverse events. The following account is 
generally applicable to most situations. 

 Adverse events can be described as serious or non -
 serious. ICH GCP  [1]  classifi es an event as an SAE if it:
    •      is fatal;  
   •      is life - threatening  
   •      results in persistent or signifi cant disability or 
incapacity;  
   •      requires or prolongs hospitalisation; or  
   •      is associated with a congenital abnormality or birth 
defect.    

prophylaxis, diagnosis, or therapy of diseases or for 
modifi cation of physiological function (see the ICH 
Guideline for Clinical Safety Data Management: Defi -
nitions and Standards for Expedited Reporting).  
   •       Adverse event
  Any untoward medical occurrence in a patient or 
clinical investigation subject administered a pharma-
ceutical product and which does not necessarily have 
a causal relationship with this treatment. An adverse 
event (AE) can therefore be any unfavourable and 
unintended sign (including an abnormal laboratory 
fi nding), symptom, or disease temporally associated 
with the use of a medicinal (investigational) product, 
whether or not related to the medicinal (investiga-
tional) product (see the ICH Guideline for Clinical 
Safety Data management: Defi nitions and Standards 
for Expedited Reporting).    

 In a clinical trial, an adverse event (sometimes 
referred to as an adverse experience) is an adverse 
outcome that occurs while a subject is taking an IMP, 
but is not necessarily attributable to it. For an adverse 
event to be classed as an adverse reaction, there must 
be at least a reasonable probability that the event was 
caused by the IMP. In clinical trials, it is not always 
possible to ascribe causality. 

Types of  adverse  drug reaction   There are several clas-
sifi cations of adverse reactions, but the most com-
monly employed defi ne two principal kinds (A and 
B) and three subordinate classes (C, D and E)  [27] .
1.     Type A (augmented) reactions are due to the phar-
macological effect of the drug, often in exaggerated 
form. They are dose - related and predictable, and they 
can occur in anyone.  
2.     Type B (bizarre) reactions occur only in some 
people and are not part of the known pharmacology 
of the drug. They are not dose - related, and are the 
result of unusual interaction of the trial subject with 

Table 8.1    Number of patients that need to be studied to detect adverse reactions 

  Required number of 
patients to detect  

   Incidence of adverse reaction  

   1 in 100     1 in 200     1 in 1000     1 in 2000     1 in 10,000  

  1 event    300    600    3000    6000    30,000  

  2 events    480    960    4800    9600    48,000  

  3 events    650    1300    6500    13,000    65,000  

Data source:    Council for the International Organisations for Medical Science. 

Safety Requirements for the First Use of New Drugs and Diagnostic Agents in 

Man. Geneva: CIOMS (WHO) 1983. 
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3.     The characteristics of the adverse event; for 
example, timing of event, plasma concentration of 
parent drug and metabolites, laboratory tests.  
4.     Effects of rechallenge, dechallenge and response to 
treatment.  
5.     Alternative explanations of adverse event; for 
example, other therapies.    

 The risk of rechallenge has to be very carefully 
considered. Its use will depend on the severity of the 
reaction, availability of a specifi c antidote, ease and 
speed of reversing the effect and the subject ’ s willing-
ness to be exposed for a second time. Rechallenge was 
once fairly common in phase I trials when an exag-
gerated response (Type A reaction) occurred and 
a smaller dose could be used for the rechallenge. 
However, since the introduction of GCP and the 
increase in regulation of clinical trials in Europe, 
rechallenge has become rare. To rechallenge a volun-
teer, approval of an amendment to the protocol and 
ICF would normally be needed; by the time the 
amendment were approved (if it were approved), the 
volunteer ’ s enthusiasm to take another dose of IMP 
would no doubt have waned.  

Determining clinical signifi cance of an  adverse  event
 If an adverse event has been causally linked to the use 
of the IMP, the sponsor, usually in conjunction with 
the investigator, will need to decide on the clinical 
relevance of the event and the action that needs to be 
taken. The issue is important to:
    •      the individual subject;  
   •      the other subjects in the trial;  
   •      those about to receive the drug in other trials; and  
   •      the overall future of the drug.    

 The term  ‘ life - threatening ’  in the defi nition of an SAE 
refers to an event or reaction in which the subject was 
at risk of death at the time of the event; it does not 
refer to an event or reaction that hypothetically might 
have caused death had it been more severe. 

 In addition, in accordance with the  ICH Guideline 
on Clinical Safety Data Management: Defi nitions and 
Standards of Expedited Reporting   [28] , events or reac-
tions that are not immediately life - threatening or 
may not result in death or hospitalisation, but might 
jeopardise the subject or require intervention to 
prevent one of the other outcomes listed in the defi ni-
tion of an SAE, should usually be considered serious. 

 An  ‘ unexpected ’  adverse event or reaction is one, 
the nature or severity of which is not consistent with 
the applicable product information (e.g. investiga-
tor ’ s brochure for an unapproved IMP or package 
insert/summary of product characteristics for an 
approved product). 

 A suspected serious adverse reaction (SSAR) is an 
adverse event that is suspected to be an adverse reac-
tion (i.e. related to the IMP), and is serious. A sus-
pected unexpected serious adverse reaction (SUSAR) 
is a SSAR that is unexpected. 

 The investigator must notify the sponsor as soon 
as he becomes aware of an SAE in a trial subject. 
Where applicable, the ethics committee and regula-
tory authorities should also be informed either by the 
sponsor or by the investigator (see  ‘ Pharmacovigi-
lance in clinical trials ’ ). The reporting of SAEs, 
whether considered alarming or not, should have pri-
ority over most other activities in a clinical trial. 

 Establishing a cause – effect relationship between an 
adverse event and a drug is a serious and diffi cult 
problem. Karch and Lasagna  [29]  proposed degrees 
of certainty for attributing an adverse event to a drug, 
as shown in Box  8.4   . With this kind of classifi cation 
in mind, how can a sponsor (or anyone else inter-
ested) assess whether an adverse event is associated 
with a particular medicine? Broadly, there are two 
approaches  –  global introspection and use of algo-
rithms. Both rely on the application of logic to the set 
of circumstances presented. Global introspection is 
most frequently used and involves one or more 
experts considering the factors associated with the 
medicine and the institution. The main factors to 
consider are as follows:
1.     Previous experience with the medicine and back-
ground incidence of reaction in this disease group.  
2.     The trial subject ’ s medical history; for example, 
age; hepatic or renal impairment; previous exposure 
to the medicine; and presence of other disease.  

BOX 8.4    Karch and  L asagna ’ s  [29]   p roposed  d egrees 

of  c ertainty for  a ttributing an  a dverse  e vent to a  d rug 

        •      Defi nite .      Time sequence from taking drug is 

reasonable. Event corresponds to what is known 

about the drug. Event ceases on stopping drug. Event 

returns on restarting drug  

   •      Probable .      Time sequence reasonable. Corresponds to 

what is known of the drug. Ceases on stopping drug. 

Not reasonably explained by subject ’ s disease  

   •      Possible .      Time sequence reasonable. Does not 

correspond to what is known of the drug. Could not 

be reasonably explained by the subject ’ s disease  

   •      Conditional .      Time sequence reasonable. Corresponds 

to what is known of the drug. Could not be 

reasonably explained by the subject ’ s disease  

   •      Doubtful .      Event not meeting the above criteria     
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the IMP is administered or the overall conduct of the 
trial. Some examples are as follow:
    •      a clinically important increase in the incidence of, 
or qualitative change in, an expected serious adverse 
reaction;  
   •      a signifi cant hazard to the subjects, such as lack of 
effi cacy of an IMP used for the treatment of a life -
 threatening disease;  
   •      signifi cant fi ndings and recommendations of the 
Data Monitoring Committee that affect the safety of 
subjects;  
   •      a major new safety fi nding from a completed 
animal study (e.g. carcinogenicity);  
   •      an SAE that could be associated with the trial pro-
cedures and that could modify the conduct of the 
trial; and  
   •      any anticipated early termination or temporary 
halt, for safety reasons, of a trial of the same IMP in 
another country.    

 In the USA, the FDA must be notifi ed within 15 
calendar days of any fi ndings from animal tests that 
suggest a signifi cant risk for trial subjects (e.g. 
carcinogenicity). 

 In addition to expedited reporting, sponsors must 
prepare annual safety reports on the IMP. In Septem-
ber 2011, a new ICH guideline came into effect that 
specifi es a common format for those Development 
Safety Update Reports  [31] . 

Council for International Organization of  Medical
Science   The Council for International Organization 
of Medical Science (CIOMS) is a body set up under 
the World Health Organization and UNESCO. It has 
developed a series of infl uential guidelines and pro-
vided various forms such as the form normally used 
to assemble reports of SAEs and SUSARs (CIOMS I), 
and CIOMS II for the international reporting of peri-
odic drug - safety update reports. The council is active 
as a medium for international discussion on safety 
and bioethics.   

Laboratory  safety data
 In general, the interpretation of laboratory safety data 
is undertaken for the following reasons.
1.     To identify abnormal values or changes in an indi-
vidual subject. Delta check  ‘ fl ags ’  on individual labo-
ratory reports indicate variables that have changed by 
more than a predetermined amount from baseline. 
They could indicate change in the subject ’ s condition 
or an error in sample collection or analysis.  
2.     To identify trends in the data, even if the indi-
vidual or mean values lie entirely within the  ‘ normal ’  
reference ranges.  

 The clinical signifi cance (in both the narrow and 
wider context) of the adverse event will be deter-
mined by considering the following factors.
    •      What is the nature of the event?  
   •      Will it reverse spontaneously and completely?  
   •      What specifi c therapy is available?  
   •      Are particular groups of subjects at risk and should 
clinical use be restricted?  
   •      Are there any clinical or investigational factors that 
could predict who may develop the adverse event?  
   •      What is the benefi t   :   risk ratio?  
   •      Is the drug a novel medicine for an otherwise 
poorly treated and severe disease?  
   •      Are alternative medicines toxic?    

 These deliberations may result in several outcomes. 
Clinical development may continue as planned, but 
additional vigilance, with more frequent monitoring 
and special tests, may be introduced into protocols. 
The dose may be reduced, or certain  ‘ at - risk ’  subjects 
may be excluded from further trials. The drug may 
proceed to registration, but the authorities may stipu-
late that a post - marketing surveillance study be con-
ducted. Alternatively, the drug may be withdrawn 
from further clinical development.  

Pharmacovigilance in clinical trials
 The sponsor must keep the regulatory authority and 
ethics committee informed of developments that 
affect subject safety. Rules on what should be reported 
to the regulatory authorities vary among countries. 

 In Europe, SUSARs must be reported within 15 
calendar days; SUSARs that are fatal or life - threatening 
must be reported within 7 calendar days, and a 
follow - up report must be provided within a further 
8 calendar days. The minimum information that 
should be included in an initial report is identity of 
the IMP; subject identifi er; SUSAR; source of the 
report; and trial identifi er, such as EudraCT number 
(refer to the ICH E2B guideline  [30] ). Reports should 
be unblinded, so the sponsor is usually responsible 
for reporting SUSARs to the regulatory authority. 

 In the USA, sponsors must report unexpected 
serious adverse events in an expedited fashion; the 
timelines match those in Europe. 

 Rules for reporting to ethics committees are still 
more variable. In the UK, only SUSARs that have 
occurred in the UK need be reported to the ethics 
committee in an expedited fashion. 

 Other information requires expedited reporting to 
the regulatory authority and ethics committee in 
Europe if it materially alters the current risk   :   benefi t 
assessment of the IMP or warrants changes in the way 
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and 2.5% below. The sponsor should know the source 
of subjects who provide the normal range. Most labo-
ratories periodically update their ranges of reference 
values to refl ect the population they serve. 

 A subject with one or more safety values outside 
the normal range may have responded adversely to 
the drug, but other causes should be considered 
including: concurrent and intermittent illness; con-
current medication; alcohol or drug abuse; and 
progress of the disease. The careful follow - up of the 
subject with repeated laboratory tests during and 
after treatment will usually help to resolve whether 
the observations are attributable to the drug. 

 In groups of subjects, some changes in laboratory 
values that remain within the normal range are more 
diffi cult to interpret. Seeking similar trends in other 
clinical trials may help the pharmaceutical physician 
to decide whether the abnormal fi ndings should be 
attributed to the IMP. A fairly common fi nding of this 
kind is a transient rise in liver transaminases or crea-
tine kinase, but usually a careful history and follow -
 up investigations will determine whether the enzyme 
changes are, for example, due to an acute viral infec-
tion or an exposure to the IMP. In phase I trials, 
increases in liver enzymes, unrelated to the IMP, are 
common  [32] . The reason for the changes is not clear, 
but the imbalance resulting from reduced physical 
activity and high carbohydrate intake (especially 
sucrose) is thought to be a factor  [33] . 

3.     To identify predictable or unpredictable labora-
tory abnormalities, which may need follow - up in 
further trials.  
4.     To identify groups who are potentially at high risk.  
5.     To establish a  ‘ denominator ’  for any problems that 
may occur in this or subsequent trials.    

 The pharmaceutical physician may be called upon 
at various stages of the trial to interpret laboratory 
data; for example, to determine eligibility of a subject; 
identify risk factors; monitor the progress of the 
disease or treatment; detect adverse reactions; and 
determine appropriate doses for certain  ‘ at - risk ’  
subject groups (e.g. those with renal impairment). 

Abnormal fi ndings and  sources of  error   Laboratory 
values are interpretable only if the tests are reliable 
and the reference ranges are known. To ensure relia-
bility, each laboratory test should be validated to 
confi rm that it is accurate (it gives the correct result) 
and precise (there is acceptable assay - to - assay varia-
bility in the results). Clinical laboratories should run 
standard QC samples alongside test samples, and 
should participate in external QA schemes. 

 Reference ranges are usually based on the 95% con-
fi dence interval of a variable measured in a sample of 
healthy individuals. Thus, they usually encompass the 
mean value and two standard deviations on either 
side of the mean. But 5% of people who are free of 
disease will fall outside this range, with 2.5% above 

Table 8.2    Sources of error in laboratory values 

   Reason for error     Possible result  

  Delayed or slow separation of blood    Increase in plasma potassium, phosphate, total acid phosphatase, 

lactate dehydrogenase, hydroxybutyrate dehydrogenase and aspartate 

aminotransferase  

  Haemolysis of blood during venesection    Increased potassium and possibly lactate dehydrogenase and aspartate 

aminotransferase  

  Prolonged venous stasis    Increased thyroxine, total protein, lipids and subfractions  

  Infusion in same arm as sampling    Increased electrolyte and glucose levels, dilution of all other variables  

  Thawed samples    Loss of plasma enzyme activities  

  Inaccurately timed urine collection    Erratic clearance data  

  Palpation of bladder and prostate catheterisation    Rise in tartrate - labile acid phosphate and prostate - specifi c antigen  

  Glucose not in fl uoride bottle    Low glucose (after 4   h)  

  Incorrect container for blood    EDTA or oxalate cause low calcium with high potassium or sodium  

  Underfi lled coagulation tubes    Prolonged prothombin time and activated partial prothrombin time  
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whether to request approval from the ethics commit-
tee and/or the regulatory authority, as follows: 

   Change     Approval required  

  Change to information submitted to 

the regulatory authority only (e.g. 

amendment to IMP dossier 

refl ecting extension to shelf - life of 

IMP)

  Regulatory 

authority only  

  Change to information submitted to 

the ethics committee only (e.g. 

amendment to information and 

consent form refl ecting change in 

arrangements for payment of trial 

subjects)

  Ethics committee 

only  

  Change to information submitted to 

the regulatory authority and the 

ethics committee (e.g. protocol 

amendment changing the dosing 

regimen)  

  Regulatory 

authority and 

ethics committee  

  Restarting a trial after a temporary 

halt

  Regulatory 

authority and 

ethics committee  

 Non - substantial amendments need not be notifi ed to 
the regulatory authority or the ethics committee, but 
they must be documented. 

 In the USA, amendments that signifi cantly affect 
the safety of trial subjects, or, for phase II and III 
trials, that signifi cantly affect the scope or scientifi c 
quality of the trial, need approval of the FDA and the 
ethics committee. 

 In Europe and the USA, investigators can imple-
ment without prior approval urgent amendments to 
protect subjects from an immediate hazard, but the 
regulatory authority and the ethics committee must 
be informed promptly.  

Reporting requirements  during the trial
 During the trial, the sponsor must ensure that the 
required reports are made to the ethics committee 
and the regulatory authority. Regulatory authorities 
in Europe must receive:
    •      pharmacovigilance reports (see  ‘ Pharmacovigilance 
in clinical trials ’ ); and  
   •      notifi cation of: 

      urgent, substantial amendments;  
      any temporary halt to the trial; and  
      the end of the trial.      

 In addition, the UK MHRA requires that sponsors 
report serious breaches of GCP or the protocol (see 
 ‘ Fraud and misconduct ’ ), and any information that 
materially alters the current risk   :   benefi t assessment 

 Laboratory safety data can be erroneous and this 
must always be considered when abnormalities are 
reported. There are numerous sources of error, which 
may be related to the trial subject (e.g. self - medication, 
diet, strenuous exercise); collection, storage and 
transport of the sample; the analytical technique (e.g. 
high variability, inappropriate reference ranges, inter-
fering substance in the sample); or to administrative 
errors (e.g. transcription errors). Some of the sources 
of error are listed in Table  8.2 . When there is doubt 
about the validity of the test, it should be repeated, if 
necessary at a different laboratory.    

Action taken in  response to abnormal fi ndings   Indi-
vidual trial subjects may have to be withdrawn from 
the trial if abnormalities in laboratory safety data 
are confi rmed and considered serious. Trends in 
laboratory fi ndings in certain groups (e.g. the elderly) 
or in all trial subjects may necessitate additional 
investigations in subsequent clinical trials (e.g. meas-
urement of hepatic transaminases). Further clinical 
trials will provide information on how well the 
IMP is tolerated and whether the benefi ts revealed 
by laboratory safety and effi cacy data outweigh the 
overall risk.   

Amendments
 Even if the trial protocol is fl exible, it may be neces-
sary to amend it, or other key trial documents, during 
the trial. 

 In Europe, an amendment to a clinical trial author-
isation is an amendment to the protocol or to any 
other particulars or documents submitted with the 
applications to the regulatory authority or the ethics 
committee. 

 The detailed guidance to the EU Clinical Trials 
Directive on application for a CTA, notifi cation of 
substantial amendments and declaration of the end 
of a trial  [22]  requires that  substantial  amendments 
be approved by the regulatory authority and/or the 
ethics committee, unless the changes are urgent safety 
measures (see below) to protect the trial subjects. The 
detailed guidance  [22]  further defi nes a substantial 
amendment as an amendment that is likely to affect 
to a signifi cant degree :
(a)     the safety or physical or mental integrity of the 
trial subjects; or  
(b)     the scientifi c value of the trial.    

 The EU Clinical Trials Directive sets a time limit 
of 35 days for review of a substantial amendment. 
The sponsor is responsible for deciding whether a 
non - urgent amendment is substantial, and deciding 
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Computerised Systems Used in Clinical Trials   [36]  and 
21 CFR part 11 Regulations  [37]  should be followed 
when processing clinical data in any computer system, 
and when using electronic signatures, even if the 
results will never be used in any US regulatory 
application. 

 Because the use of computer systems in data man-
agement is so important, it is appropriate to have a 
basic understanding of what is required to validate a 
computer system. In simple terms, the validated com-
puter system is developed, implemented, operated 
and maintained in a controlled manner, from the 
design stage to its decommissioning. Each stage must 
be fully documented. 

 The software developer should follow written 
functional specifi cations for the system and keep evi-
dence that appropriate tests were done on the soft-
ware. It is usually appropriate for the software user to 
audit the software developer. 

 The user must document their requirements for 
the system (the user requirements) and document in 
a validation plan the strategy for testing the system 
against the user requirements, including acceptance 
criteria, assumptions, exclusions and responsibilities. 
The user of the system, not an IT specialist, should 
test the system. Each test, including the expected 
results and the actual results must be documented 
and then summarised in a validation report. The 
formal acceptance of the system for use must also be 
recorded. Evidence of staff training must be kept, and 
SOPs must be written, governing use of the system. 

 Installation of the system must be documented, 
and any changes to the system must be controlled. 
Revalidation should be done if necessary, and updated 
user manuals, SOPs and training records must be 
fi led. 

 Computer systems that handle clinical trial data 
should be secure, backed up and have a date -  and 
time - stamped audit trail which independently 
records changes to data such that the previously 
recorded information is not obscured.  

The process 
 The system shown in Figure  8.1  refl ects the process 
undertaken in many data management groups. 
Although the order of some of the stages, such as data 
entry and query generation, may vary, as in the case 
of electronic data capture at the investigator site, the 
activities will be similar for all data management. The 
clinical data may arrive in various forms: CRFs  –  
sometimes a few pages at a time; central laboratory 
data by email or on portable media; and ECG and 

of the IMP or merits changes in the way the IMP is 
administered or the overall conduct of the trial. 

 In the UK, the following must be reported to the 
ethics committee:
    •      investigator ’ s annual reports of the progress of the 
trial, if the trial lasts for more than a year;  
   •      pharmacovigilance reports (see  ‘ Pharmacovigilance 
in clinical trials ’ );  
   •      reports of any serious breaches of GCP or the pro-
tocol (see  ‘ Fraud and misconduct ’ );  
   •      any information that materially alters the current 
risk   :   benefi t assessment of the IMP or merits changes 
in the way the IMP is administered or the overall 
conduct of the trial;  
   •      updates to the investigator ’ s brochure (but only if 
there is a change to the risk   :   benefi t assessment of the 
trial); and  
   •      notifi cation of: 

    •      absence of the principal investigator for more 
than 4 weeks;  
   •      urgent, substantial amendments;  
   •      any temporary halt to the trial; and  
   •      the end of the trial.        

Data management
 The data management workload is dictated by the 
quantity and the quality of the data. If the quality is 
poor, the process is extended by remedial steps going 
all the way back to the investigator site. Therefore, all 
the preceding efforts to bring high - quality data from 
investigators are amply justifi ed by the resources and 
time saved during the data management process. 

 Two essential features of data management are 
a validated computer system and trained specialist 
staff. Data management is a recognised discipline, 
with professional associations and university courses. 
Any temptation to avoid the use of trained staff, and 
instead rely on secretaries, investigator site monitors 
or nurses, could prolong the process and may endan-
ger the integrity of the results. 

Computer systems in clinical trials
 Computerised systems are essential for handling the 
large quantity of data, and for future interrogation, 
and must be validated. Double and McKendry 
 [34]  described validation as the process that docu-
ments that a computer system reproducibly per -
forms the functions it was designed to do. In other 
words, validation ensures that the system is  ‘ fi t for 
purpose ’ . Guidance on validation is provided in 
the Good Automated Manufacturing Practice guid-
ance (GAMP5  [35] ). The FDA guidance document 
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 The requirement for interim analyses is of major 
signifi cance if a trial is blinded: separate staff will be 
needed for the interim analysis if the regular staff are 
to remain blinded for the fi nal analysis. 

 Other considerations include the coding of the 
data and the dictionaries to be used, when and how 
SAE and adverse event data will be incorporated into 
the database, and the electronic checks to be run on 
the data during and after data entry. If data entry is 
done in several centres (for instance, different coun-
tries), the standards must be identical. A centrally 
based validation group will monitor that these stand-
ards are being maintained and will identify early any 
persistent problems so that these can be avoided 
everywhere. 

 Once all the queries have been resolved, and the 
data have undergone fi nal QC checks, the database is 
 ‘ locked ’ . Only by a controlled and fully documented 
process should the database be unlocked to allow 
changes to be made. For example, late SAEs may 
necessitate additions to the locked database.  

Coding
 Coding ensures reproducibility and standardisation 
of data. It also allows advanced medical terminology 
to be used and facilitates searching and manipulation 
of data. 

 The pharmaceutical physician will have a role in 
ensuring that the coding has been done correctly. 
Specifi c clinical data could be lost or misrepresented 
because a particular disease or adverse event is coded 
too generally. Conversely, a term could be coded in a 
way that fails to describe the disease or event because 
it is too specifi c. This can cause problems when the 
clinical trial report is written, and when safety data 
are being interpreted and summarised in the investi-
gator ’ s brochure. Translation can be a source of prob-
lems during the coding process; it is important that 
the translation of medical information be done by a 
trained translator. 

 The Medical Dictionary for Regulatory Activities 
(MedDRA)  [38]  has been adopted by ICH as 
the standard medical terminology for regulatory 
communication.  

Audit and data trails 
 A fundamental principle of GCP is that the data 
recorded in the CRF or in any of the accompanying 
documents (e.g. diary cards) cannot be changed 
without the written agreement of the investigator. 
The data manager notes omissions and errors iden-
tifi ed during the data management process and 

Holter data by courier or post. It is therefore essential 
that proper tracking systems are in place.   

 The CRF will be a major determinant of the data-
base design, so it is essential that the data manager 
review the CRF before the start of the trial. The data 
manager may need to liaise with programming and 
statistical specialists to decide the structure of the 
database. Increasingly, sponsors are requiring data-
sets to meet industry - wide standards set by the Clini-
cal Data Interchange Standards Consortium (CDISC). 

Figure 8.1     Data management process. CRF, case report 

form.  
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the data begins. It may be necessary to revise the plan 
as a result of a protocol amendment. Such changes 
should be documented in an amendment to the sta-
tistical analysis plan. 

 It is essential that the statistical analysis described 
at the beginning of the trial be used at the end of the 
trial. If there are deviations from the planned analysis, 
the reasons must be documented in the trial report. 
Frequently, the results of the planned analysis are not 
as expected. It may be tempting to modify the analy-
ses or datasets in an attempt to produce the desired 
results. However, the original planned analysis must 
be presented in the report, and any additional analy-
ses that were unplanned must be described as 
unplanned in the report. 

 The ICH has produced several guidance docu-
ments on statistical considerations in clinical trials 
 [39 – 41] .  

Data integrity
 The institution, pharmaceutical company or inde-
pendent investigator carries considerable responsibil-
ity as custodian of trial data and is potentially exposed 
to charges of bias, of suppression or even of alteration 
of data. Data may be modifi ed in order to correct 
errors, but all changes must be tracked. Documented 
QC and quality assurance steps must be part of the 
process (see  ‘ Quality management ’ ).  

The end of the trial
 The closing down of the trial at the site after the last 
visit of the last subject, and resolution of the data 
queries in the CRF, is an important part of the clinical 
trial. Archiving of documents, both at the site and at 
the sponsor, needs to be done as soon as possible after 
the end of the clinical phase of the trial. The effort 
required to do this well is very much less than that 
which would be required if defi ciencies were identi-
fi ed later. 

 The investigator may wish to archive the site ’ s 
documents, or may wish the sponsor to supply 
archiving space. In the latter case, the documents 
should be sealed so that there is no opportunity for 
anyone but the investigator to see them. All the docu-
ments at the sponsor ’ s offi ce, whether paper or elec-
tronic, should also be archived. 

 Archived documents must be retained until at least 
2 years after the last approval of the marketing appli-
cation or any contemplated marketing application, or 
at least 2 years after the formal discontinuation of 
clinical development (ICH GCP 5.5.11)  [1] . These 
requirements make long - term planning for archiving 

generates lists of data queries, which must be resolved 
and signed off by the investigator before the database 
can be updated. The data manager must track all 
queries; only when all the queries have been resolved 
can the data be considered  ‘ clean ’ . Many individuals, 
including senior pharmaceutical physicians, have 
wanted to alter data on CRFs because  ‘ they know the 
data are wrong ’ . However, an unauthorised change to 
any data supplied by the investigator is unacceptable. 
The only exception is an uncontroversial change 
(such as correction of a typographical error) that is 
covered by written data entry conventions agreed in 
advance. 

 Data management systems keep an audit trail: an 
electronic record of all the changes that have been 
made, by whom and when. At inspections, regulators 
may ask to see the audit trail, to trace changes to the 
data. Any changes must be justifi ed and agreed by all 
concerned. 

 Another important series of steps is extraction of 
data to create listings, tables and graphs. A  ‘ data trail ’  
should be established, showing the source of the data 
used in analyses. The manner in which analysis sets 
were constructed (i.e. rules applied, identifi ers of data 
sets) should be recorded, so that the analyses can be 
reproduced later, for instance, when more data from 
other trials are available. The statistician ’ s analysis is 
valid only if it truly refl ects the original CRF data. 
Understandably, the statisticians ’  confi dence in the 
data presented to them is of paramount concern and 
their questioning of data should be regarded as 
legitimate.  

Statistical analysis
 A qualifi ed statistician must be consulted about the 
design of the trial and the planned statistical analysis. 
The statistician should, ideally, have experience 
of clinical trials and be a chartered statistician or 
equivalent. 

 A summary of the analysis plan will be included in 
the protocol but it is usually described in more detail 
in a separate, signed statistical analysis plan. The plan 
should describe the criteria for excluding subjects 
from the analysis, the statistical methods to be used, 
and general principles, such as the signifi cance level 
and how missing data will be dealt with. In a blinded 
trial, the plan must be fi nalised and signed before the 
randomisation code is broken. Unblinding of the trial 
must not take place until all the subjects at all the 
investigator sites have completed the trial and the 
database has been checked and locked. In an open 
trial, the plan must be signed before the analysis of 
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the report in writing until all the queries have been 
resolved to the satisfaction of the regulatory author-
ity. Further information can be obtained from FDA 
guidance manuals  [42,43]  and the MHRA website. 

 The regulators may also do inspections without 
notice, or at very short notice, usually as a result of a 
report of suspected violation of the regulations (trig-
gered inspections). 

 In a similar manner, sponsors will audit investiga-
tor sites. The job of the auditor is to question the 
conduct of the trial and the integrity of the data. 
Investigators may be annoyed that their conduct 
is questioned, particularly as auditors are usually 
not physicians but both investigators and auditors 
must understand that each has a job to do, and be 
tolerant. 

 In addition, in the UK, the MHRA may inspect 
phase I research sites under a voluntary accreditation 
scheme. The scheme was introduced following a rec-
ommendation by the Expert Scientifi c Group that 
was formed to review phase I clinical trials after six 
healthy volunteers in the TGN1412 trial were admit-
ted to intensive care, in March 2006, after they had 
been given an IMP (a superagonist anti - CD28 mono-
clonal antibody)  [44] . Phase I sites with  ‘ supplemen-
tary accreditation ’  are considered suitable to do 
fi rst - time - in - human trials of  ‘ higher risk ’  IMPs, such 
as those that act via a species - specifi c mechanism, 
for which animal data are a poor predictor of likely 
effects in humans.    

Preparation of the  clinical report

General  considerations 
 ICH GCP requires that a report of the trial be written. 
This ensures that the results are documented and 
interpreted, even if only one trial subject is involved 
(ICH GCP 5.22)  [1] . This is another safeguard, along 
with ethical approval and informed consent, against 
unapproved and sloppy experimentation on humans. 
It also facilitates the use of the new knowledge gained 
during the clinical trial to infl uence decisions on 
therapy or the development of the IMP. For the man-
ufacturer, the results of clinical trials determine what 
claims can be made about the effi cacy, safety and 
quality of a new medicine when applying for a 
marketing licence and when persuading doctors to 
use the medicine. Whether the report is of a small 
academic investigation or part of the research for a 
future commercial product, its preparation justifi es 
care and attention. 

diffi cult because usually one does not know what the 
status of the IMP will be in 6 months ’  time, and 
certainly not in 2 or 3 years. Typically, sponsors and 
investigators should plan to archive documents for at 
least 15 years. 

 At the end of the trial, the clinical trial monitor 
should make a close - out visit to investigator site, and 
do the following:
    •      Ensure that arrangements have been made to 
archive: the documents in the investigator ’ s master 
fi le, the investigator ’ s copies of the completed CRFs 
and any trial - related records in the pharmacy.  
   •      Advise the investigator to try to prevent the medical 
records of the trial subjects from being deleted or lost.  
   •      Check that all randomisation codes have been 
returned from blind trials without being opened 
except in a recorded emergency.  
   •      Do a fi nal accountability check of any remaining 
IMP, and arrange for the IMP to be destroyed or sent 
back to the supplier.  
   •      Ensure that the end of the trial has been notifi ed to 
the regulatory authority and the ethics committee, as 
applicable.     

Regulatory inspections and QA audits
 The EU Clinical Trials Directive (2001/20/EC)  [5]  has 
reinforced the need for European agencies, as well 
as those of the USA and Japan, to inspect clinical 
trials. Sponsors, mindful of the implications of failed 
inspections, routinely audit investigator sites to try to 
ensure that standards meet the regulatory require-
ments and ICH GCP. 

 In Europe, regulators do routine inspections of 
holders of trial authorisations, and organisations to 
which trial - related duties have been subcontracted, 
including investigator sites. Sponsors and investiga-
tors are notifi ed of routine inspections in advance. 
Before a routine inspection, the inspector will nor-
mally request written information about the site, for 
example a list of SOPs, a list of ongoing trials, copies 
of key SOPs and an overview of the facilities. During 
the inspection, the inspectors will review in detail the 
documents in the trial master fi le, source documents, 
pharmacy records, SOPs and the site ’ s facilities. The 
inspectors will request documents and the organisa-
tion must be prepared to provide them promptly 
during the inspection. The inspectors will also inter-
view site staff. At the end of the inspection, the 
inspectors will give feedback at a close - out meeting. 
After the inspection, the inspector will send the 
organisation a written report of the fi ndings and rec-
ommendations. The organisation must respond to 
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 [47] , philosophies associated with European Founda-
tion for Quality Management  [48]  or ISO 9001  [49]  
have been adopted. Sweeney  [50]  has provided details 
of how the original versions of ISO 9000 standards 
could be applied to clinical trials. However, all these 
quality systems can provide only a limited founda-
tion. Independent reviewers, auditors from QA 
groups and inspectors from regulatory agencies must 
reinforce the quality systems. 

Quality control and  quality assurance 
 Many scientists confuse the terms QC and QA. In 
clinical trials, QC comprises the operational tech-
niques and activities undertaken by all participants to 
verify that the quality requirements of the clinical trial 
have been fulfi lled, whereas QA verifi es that the QC 
has satisfi ed these requirements. In other words, QC 
includes checks that the data recorded are consistent 
with source documents; that the subjects are given the 
correct dose; that accountability records can be recon-
ciled with the IMP remaining in pharmacy; that 
equipment is calibrated and suitable for use; and that 
the relevant SOPs and the protocol are followed. QA 
includes the establishment of SOPs that oblige staff to 
follow uniform practice, and checks by independent 
individuals that QC is in place and is effective. 

Quality control 
 QC must be employed at all stages of a clinical trial. 
The clinician has been perceived as reluctant to intro-
duce QC in clinical research, perhaps because of a 
fear of fi nding mistakes that refl ect on clinical profes-
sionalism, a lack of time or, in some unfortunate 
cases, arrogance that nothing could be wrong. This 
has resulted in the drug industry recruiting non -
 medical scientists to independently monitor the 
activities occurring at the investigator site. 

 If the investigator and site staff do not scrupulously 
follow the protocol, that could alter the outcome of 
the trial. The site must have the right subject, with the 
right disease, and administer the right treatment at 
the correct dose at the right time. The investigator 
must make the correct observations, at the right time, 
and make a complete and accurate record of the 
results. All this must be checked. Furthermore, the 
investigator must use calibrated equipment, and 
reproducible and in some cases validated, methods. 
Methods for making objective measurements (such 
as blood pressure, peak expiratory fl ow, gastric emp-
tying times, skin thickness, reaction times) can be 
defi ned, sometimes calibrated, and the reproducibil-
ity of repeated measurements validated. Subjective 

 Reports of clinical trials should be prepared in line 
with ICH Guideline E3  [45,46] . Clinical trial reports 
are accompanied by extensive listings and tables of 
data, so that the regulators can run an independent 
analysis. 

 In Europe, a copy of the summary of the clinical 
trial report must be submitted to the ethics commit-
tee and the regulatory authority within 1 year of the 
end of the trial. 

 Whereas extensive data packages are submitted to 
regulators, only limited data are published in jour-
nals. Publication of trial results as early as possible 
should be encouraged, with a view to prevent unnec-
essary trials, and improve subject safety. However, 
owing to factors such as lack of time, commercial 
sensitivity and unwillingness of journals to publish 
negative results, the majority of clinical trials remain 
unpublished  [44] .   

Quality management

 The fi nal principle of ICH GCP states:  ‘ systems with 
procedures that assure the quality of every aspect of 
the trial should be implemented ’  (ICH GCP 2.13)  [1] . 
The word  ‘ quality ’  is often misunderstood, although 
freely used when referring to processes and docu-
mentation in clinical trials. It should mean that a 
standard of excellence has been reached in: the care 
of the subjects ’  physical and mental well - being; pro-
tection of the subjects ’  rights; compliance with the 
protocol and with scientifi c, ethical and regulatory 
standards; and the integrity of the data. Quality is 
the responsibility of every person who works on a 
clinical trial. 

 Regulatory authorities require that trials support-
ing a licensing application for a new medicine be 
done in accordance with GCP, and the quality prin-
ciples inherent in the guideline. Sponsors should 
ensure that everyone working on a clinical trial 
follows a quality system, with SOPs to ensure that 
each task is done in a controlled and uniform way. 
ICH GCP has not always been fully applied to other 
biomedical research, such as some independent trials 
on marketed products initiated by clinicians without 
support from the manufacturer. The training that 
clinicians, scientists and technicians receive from 
company - based staff before and during a sponsored 
clinical trial can considerably enhance the quality of 
the trial. 

 In some pharmaceutical companies and institu-
tions, the principles of total quality management 
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expect all functions in the clinical trial that are sub-
contracted to meet the requirements of GCP. 

 Often, the QA department will provide a support-
ing function in the preparation and revision of SOPs, 
and in the training of staff involved in clinical trials.   

Fraud and  misconduct
 The FDA defi nes fraud as the deliberate reporting of 
false or misleading data or the withholding of report-
able data. Although the agency has used the word 
 ‘ fraud ’ , in the USA the word usually implies injury or 
damage to victims and therefore the word  ‘ miscon-
duct ’  is preferred. Fraud in clinical research may be a 
rare phenomenon  [52]  but no one really knows how 
many cases are undetected or not reported. In the UK, 
a pharmaceutical company reporting an investigator 
for fraud may experience a backlash from the local 
professional and lay community before the full facts 
become known. 

 The motives of a fraudulent investigator may be 
hard to understand, given what is at stake if they are 
discovered, but they include fi nancial gain, profes-
sional promotion, arrogance and the adrenaline buzz 
experienced by some in cheating. In some cases, work 
overload or mental illness (including addiction to 
drugs, alcohol and gambling, and the need to fund 
them) provide a backdrop to the crime. 

 Fraudulent investigators may add data where the 
original are missing, possibly not wanting to admit 
that they forgot to obtain or record them, or that they 
lost them (e.g. broken blood sample tube). Serious 
cases involve falsifi cation of data for trial subjects 
who do not exist, or creation of ethical approval and 
consent documents at the site  [52 – 54] . 

 Generally, fraud is detected through routine moni-
toring and data trending (Table  8.3 ), and through 
whistle - blower reporting. Monitoring, and the use of 
a forensic handwriting expert, exposed fraud com-
mitted by Vasu Agrawal, a general practitioner who 
forged patients ’  signatures on consent forms and did 
not tell his patients that they were in a clinical trial 
 [55] . A whistle - blower helped expose the fraud of 
William McBride, a respected researcher who was the 
fi rst to report birth defects linked to thalidomide. 
McBride later published work showing that another 
drug for sickness in pregnancy caused birth defects in 
rabbits, but his results could not be reproduced, and 
a whistle - blower revealed that he had altered them. 
His reason for the fraud was that he was under pres-
sure to publish  [55] . Evidence from a whistle - blower 
also played a part when Robert Davies, a professor 
of respiratory medicine, was struck off the medical 

endpoints may be validated (e.g. anxiety or depres-
sion rating scales and questionnaires). Criteria for 
subjective judgements by clinical staff must be clearly 
defi ned in advance. The training of staff in consistent 
use of subjective endpoints is essential before the 
trial starts.  

Role of the clinical trial nurse or  coordinator 
 Many investigator sites employ part -  or full - time 
nurses to support clinical trials. Nurses should never 
be considered to be an extravagance because, without 
them, the burden of administration and QC is solely 
on the investigator. The clinical trial nurse can help 
the investigator in many ways, but two of the most 
important are ensuring that the data in the CRF are 
consistent with information in source documents and 
liaising with the sponsor ’ s monitor.  

Quality assurance 
 All clinical trials should be subjected to QA, either by 
an in - house department or by external consultants. 
QA is defi ned as  ‘ all those planned and systematic 
actions that are established to ensure that the trial 
is performed and the data generated, documented 
(recorded), and reported in compliance with GCP 
and the applicable regulatory requirements(s) ’  (ICH 
GCP 1.46)  [1] . 

 QA staff should be independent from those who 
work on or manage the clinical trial. Their inde-
pendence facilitates the reporting of defi ciencies 
without bias. 

 QA conduct audits of clinical trials, to establish 
whether QC has taken place, whether SOPs are being 
followed and whether the quality systems in place 
will provide clinical data to GCP standards. The word 
 ‘ audit ’  should be reserved for QA activities. If a regu-
latory authority conducts an audit, it is usually called 
an  ‘ inspection ’ . 

 QA has many other functions, including review of 
new protocols, and audits of the facilities and systems 
of investigators and non - clinical contractors, such as 
laboratories, software developers, contract archives or 
data managers. For example, to ensure that the high 
quality clinical data that have so laboriously been 
obtained are accurately refl ected in the trial report, 
QA should audit data management, statistics and 
reporting groups  [51] . They should also audit the 
fi nal clinical trial report. Robust QC procedures 
should be in place, but quality of data can be affected 
if suitable QC staff are unavailable or because of pres-
sure to meet timelines. The regulatory agencies will 
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evidence; protection of whistle - blowers; and report-
ing to regulatory authorities and ethics committees. 

 Once fraud is suspected, additional evidence is 
usually obtained by an experienced QA auditor con-
ducting a  ‘ for cause ’  audit  [57] . Such audits are chal-
lenging: whereas routine audits are aimed primarily 
at processes, in fraud investigations, the integrity of 
individuals is under scrutiny. Furthermore, there is 
often little time for planning: once a fraudster knows 
an investigation has begun, evidence may  ‘ disappear ’ , 
so the audit must be done urgently. 

 In the meantime, only the minimum key indi-
viduals should be made aware of the problem until 
suffi cient evidence has been obtained to establish 
the truth. The appropriate authorities such as the 
national drug industry organisation and the regula-
tory authorities should be informed if fraud has taken 

register after he bullied and threatened a junior col-
league whom he tried to persuade to break the ran-
domisation code in breach of the trial protocol  [56] .   

 Fraud should be contained with regular monitor-
ing, an active QA unit and an increasing role for 
inspectors from the regulatory agencies. Statisticians 
should routinely scrutinise demographic differences 
in the subjects recruited at one centre compared with 
other centres, screening failure rates, incidence of 
adverse events, clustering of laboratory data and vari-
ations in data, to establish both the scientifi c signifi -
cance of the results and also whether the data of a 
particular site need investigation for fraud  [53] . 

 Sponsors must have an SOP describing what to do 
when fraud is suspected: initial action upon suspicion 
of fraud; procedures for escalation and communica-
tion; confi dentiality; investigation; preservation of 

Table 8.3    Methods of detecting fraud 

   Method     Comment  

  Check whether the original source data match 

those which are recorded and reported  

  Importance of suffi cient source documents, for example, medical records, 

radiographs and laboratory results  

  Do the data fi t the chronological order of 

events?  

  Do visit dates match collection dates of samples? Is there any evidence that 

data or corrections were back - dated? Is it diffi cult/impossible to trace 

changes? Do dates on source documents match those in the CRF or on 

printouts?  

  Check reasons for missing records    Missing records should be explained, fi le notes or correspondence should 

confi rm explanation  

  Can you read deleted entries? Are all the 

records perfect, without any corrections?  

  Original entries should not be obscured;  ‘ perfect ’  results on paper without 

wear and tear should be checked  

  Establish who is recording the data    Is the investigator signing - off the CRF? Are appropriate staff doing trial 

procedures? Do signatures match those on the investigator ’ s signature log? 

Do subjects ’  signatures match in different documents? Consent forms 

should contain more than one handwriting style; handwriting should 

differ if data entries were attributed to different individuals  

  Do the data look real?    There should be some variability in the data, and erratic data points. Is 

there evidence of  ‘ copy and paste ’  in source documents? Have annotations 

been made to source documents that turn an ineligible patient into an 

eligible one? Check variation with other sites using biostatistics  

  Is the site meeting expectations or does it 

appear  ‘ too effi cient ’  to have achieved all the 

work?  

  Can all the work be done in the timeframe allowed with the facilities and 

equipment available? Is there an unexpectedly low incidence of screening 

failures? Have data been submitted at unusual times: at weekends or on 

holidays?  

  Is the behaviour of site staff suspicious?    Are monitoring visits frequently postponed by site staff? Are site staff often 

absent during planned monitoring visits? Are documents available for 

review? Do site staff appear anxious or defensive?  

   CRF, case report form.   
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place. In the UK, for example, the sponsor is obliged 
to report serious breaches of the protocol or GCP 
(such as fraud or misconduct) to the regulatory 
authorities and the ethics committee within 7 days. 
Sometimes, other sponsors will have reported addi-
tional evidence that fraud is taking place at a particu-
lar site. The site must be closed if trial subjects are 
still being recruited, and a full explanation provided 
to the authorities. Any clinical data collected will 
need to be reviewed and a decision made as to 
whether any of the data can be included in the analy-
sis. To a pharmaceutical physician, fraud is never an 
easy situation. It usually involves a professional col-
league and there is always the worry that the estab-
lished facts have been misinterpreted. However, a 
fraudulent individual cannot be tolerated in modern 
clinical research. 

 Fraud is not limited to the investigator and his or 
her staff. Staff of pharmaceutical companies and 
institutions may alter CRFs, modify data sets, alter 
tables, suppress reported side effects or bias written 
reports. The detection of such activities, inside or 
outside an institution, by investigators or company 
staff relies on others in the same team recognising 
that something is suspicious. Double - checking of 
data by colleagues and authentication of those data is 
the best deterrent to misconduct.   

Conclusions

 Increased regulation of clinical trials in recent years, 
particularly in Europe, has led to greater bureaucracy. 
However, the application of GCP and GMP to all 
trials, including non - commercial ones, should result 
in greater protection of subjects and data of a higher 
quality. The challenge for sponsors and investigators 
is to keep up - to - date with the ever changing regula-
tory requirements, and to interpret those require-
ments in the best interests of trial subjects without 
impeding research. 

 There is no evidence that the investment in man-
power and other resources necessary to execute clini-
cal programmes will decrease, and the use of specialist 
contract organisations in all areas  –  trial monitoring, 
data handling, report writing and consultancy  –  is 
likely to continue. As companies strive harder for 
shorter, surer paths to regulatory approval, the well -
 conceived, well - executed and correctly interpreted 
clinical trial will continue to be pivotal.  



Conduct of clinical trials: Good Clinical Practice 187

  28.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic E2A note for guidance on clinical safety data 

management: defi nitions and standards for expedited 

reporting, CPMP/ICH/377/95 .  London :  European Med-

icines Agency ;  1994 .  

  29.       Karch   FE  ,   Lasagna   MD  .  Adverse drug reaction .  JAMA . 

 1975 ; 234 : 1236  –  41 .  

  30.      International Conference on Harmonisation (ICH) 

of Technical Requirements of Pharmaceuticals for 

Human Use .  Draft Guideline E2B(R3)[previously coded 

E2B(M)] on Electronic transmission of individual case 

safety reports (ICSRs)  –  implementation guide  –  data 

elements and message specifi cation .  2010 .  

  31.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Harmonised tripartite guideline E2F: development 

safety update report ,  2010 .  

  32.       Rosenzweig   P  ,   Miget   N  ,   Brohier   S  .  Transaminase eleva-

tion on placebo during phase I trials: prevalence and 

signifi cance .  Br J Clin Pharmacol .  1999 ; 48 : 19  –  23 .  

  33.       Purkins   L  ,   Love   ER  ,   Eve   MD  ,   Woolridge   CL  ,   Cowan   C  , 

  Smart   TS  , et al.  The infl uence of diet upon liver function 

tests and serum lipids in healthy male volunteers resi-

dent in a Phase I unit .  Br J Clin Pharm .  2004 ; 57 : 199  – 

 208 .  

  34.       Double   ME  ,   McKendry   M  .  Computer validation com-

pliance .  Buffalo Grove, IL :  Interpharm ;  1994 .  

  35.      International Society for Pharmaceutical Engineering 

(ISPE) .  Good automated manufacturing practice 

(GAMP) .  G AMP 5: A Risk - based Approach to Compli-

ant GxP Computerized Systems. January  2008 .  

  36.      Food and Drug Administration (FDA) .  Guidance for 

industry  –  computerised systems used in clinical trials . 

 Rockville, MD :  Division of Compliance Policy ;  1999 .  

  37.      Food and Drug Administration (FDA) .  Code of federal 

regulations Title 21, Part 11, (Electronic records and 

electronic signatures) .  Washington DC :  National Ar -

chives and Records Administration ;  1997 .  

  38.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic M1 medical terminology . Available from: 

 www.ich.org/products/meddra.html  (accessed 4 Decem-

ber 2012).  

  39.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic E10 note for guidance on choice of control 

group in clinical trials, CPMP/ICH/364/96 .  London : 

 European Medicines Agency ;  2000 .  

  40.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic E9 note for guidance on statistical principles 

for clinical trials, CPMP/ICH/363/96 .  London :  Euro-

pean Medicines Agency ;  1998 .  

  41.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

  13.      National Research Ethics Service .  Information sheets 

and consent forms. Guidance for researchers and 

reviewers . Version 3, 2 May  2007 .  

  14.      National Research Ethics Service .  Standard operating 

procedures for research ethics committees . Version 5.0. 

September  2011 .  

  15.       Doclo   RJ  .  Improving SOP writing with process mapping . 

 Appl Clin Trials .  2000 ; 9 : 62  –  70 .  

  16.      European Commission .  Good manufacturing practices. 

Annex 13 . Vol. 4. Manufacture of investigational medici-

nal products. February  2010 .  

  17.      European Commission .  The rules governing medicinal 

products in the European Union . Vol. 4. Good Manu-

facturing Practice (GMP) Guidelines. Available from: 

 http://ec.europa.eu/health/documents/eudralex/vol - 4/

index_en.htm  (accessed 5 November 2012).   

  18.      Food and Drug Administration (FDA) .  Title 21, Parts 

210 (Current good manufacturing practice in manufac-

turing, processing, packaging or holding of drugs; 

general) and 211 (Current good manufacturing practice 

for fi nished pharmaceuticals). Code of federal regula-

tions 210, 211 .  Washington, DC :  National Archives and 

Records Administration ;  1997 .  

  19.      European Medicines Agency, Committee for Medicinal 

Products for Human Use (CHMP) .  Guideline on the 

investigation of bioequivalence, CPMP/EWP/QWP/

1401/98. Rev 1/Corr . London, January  2010 .  

  20.       O ’ Shea   K  .  Interactive voice response technology .  Appl 

Clin Trials .  1998 ; 7 : 30  –  4 .  

  21.      Food and Drug Administration (FDA) .  Guidance for 

industry. using a centralized IRB review process in mul-

ticenter clinical trials . March  2006 .  

  22.      European Commission .  Detailed guidance for the 

request for authorisation of a clinical trial on a medici-

nal product for human use to the competent authorities, 

notifi cation of substantial amendments and declaration 

of the end of the trial (CT - 1) . March  2010 . 2010/C 82/01, 

Revision 3.  

  23.      Food and Drug Administration (FDA) .  Code of federal 

regulations, Title 21, Part 312 (Investigational new drug 

application) .  Washington, DC :  National Archives and 

Records Administration ;  1987 .  

  24.       Tarantowski   R  .  Writing a clinical trial budget .  Appl Clin 

Trials .  1996 ; 5 : 26  –  40 .  

  25.      Food and Drug Administration (FDA) .  Code of federal 

regulations, Title 21, Part 54 (Financial disclosure 

by clinical investigators) .  Washington, DC :  National 

Archives and Records Administration ;  1998 .  

  26.      Food and Drug Administration (FDA) .  Recruiting study 

subjects . Information sheet. Guidance for Institutional 

Review Boards and Clinical Investigators. Rockville, 

MD: Offi ce of the Associated Commissioner for Health 

Affairs,  1998 .  

  27.       Edwards   RI  ,   Aronson   JK  .  Adverse drug reactions: defi ni-

tions, diagnosis and management .  Lancet .  2000 ; 356 :

 1255  –  9 .  



188 Chapter 8 

  56.       Dyer   C  .  London professor struck off for bullying and 

dishonesty .  BMJ .  1999 ; 319 : 938 .  

  57.       Horne   B  ,   Dodsworth   N  .  Fraud and misconduct in clini-

cal research .  Quasar .  2011 ; 117 : 17  –  22 .  

Further reading

    Friedman   LM  ,   Furberg   CD  ,   DeMets   DL  .  Fundamentals of 

clinical trials ,  3rd ed .  New York :  Springer - Verlag ;  1998 .  

    Senn   S  .  Statistical issues in drug development .  Chichester, 

UK :  John Wiley ;  1997 .  

    Spilker   B  .  Guide to clinical trials .  New York :  Raven Press ; 

 1991 .   

Useful internet addresses 

  British Pharmacopoeia. Available from:  www.

pharmacopoeia.org.uk   

  Centers for Disease Control and Prevention. Available from: 

 www.cdc.gov   

  Drug Information Association. Available from:  www.

diahome.org   

  European Medicines Agency. Available from:  www.ema.

europa.eu   

  The rules governing medicinal products in the European 

Union. Available from:  www.ec.europa.eu/health/

documents/eudralex/index_en/htm   

  European National Medicines Authorities. Available from: 

 www.heads.medagencies.org   

  FDA. Available from:  www.fda.gov   

  Food and Drug Law Institute (FDLI). Available from:  www.

fdli.org   

  ICH. Available from:  www.ich.org   

  Medicines and Healthcare Products Regulatory Agency 

(MHRA). Available from: ( www.mhra.gov.uk )  

  UK Health Research Authority. Available from:  www.hra.

nhs.uk   

  National Institutes of Health. Available from:  www.nih.gov   

  National Research Ethics Service (NRES). Available from: 

 www.nres.nhs.uk   

  Regulatory Affairs Professional Society (RAPS). Available 

from:  www.raps.org   

  Pharmaceutical Research and Manufacturers of America. 

Available from:  www.phrma.org   

  US Pharmacopeia. Available from:  www.usp.org   

  World Health Organization (WHO). Available from:  www.

who.int   

  Clinical Data Interchange Standards Consortium. Available 

from:  www.cdisc.org     

Use .  Topic E4 note for guidance on dose response infor-

mation to support drug registration, CPMP/ICH/378/95 . 

 London :  European Medicines Agency ;  1994 .  

  42.      Food and Drug Administration (FDA) .  Compliance 

program guidance manual (7348.811) clinical investiga-

tors and sponsor - investigators .  Rockville, MD :  Division 

of Compliance Policy ;  2008 .  

  43.      Food and Drug Administration (FDA) .  Compliance 

program guidance manual (7348.810) sponsors, con-

tract research organizations and monitors .  Rockville, 

MD :  Division of Compliance Policy ;  2011 .  

  44.      Expert Scientifi c Group on Phase one Clinical Trials . 

 Final report . The Stationery Offi ce, UK. 30 November 

 2006 .  

  45.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic E3 note for guidance on structure and 

content of clinical study reports, CPMP/ICH/137/95 . 

 London :  European Medicines Agency ;  1996 .  

  46.      International Conference on Harmonisation (ICH) of 

Technical Requirements of Pharmaceuticals for Human 

Use .  Topic M4 common technical document for the reg-

istration of pharmaceuticals for human use  –  organisa-

tion CTD, CPMP/ICH/2887/99 .  London :  European 

Medicines Agency ;  2004 .  

  47.       Feigenbaum   AV  .  Total quality control .  New York : 

 McGraw - Hill ;  1951 .  

  48.      European Foundation for Quality Management .  The 

excellence model . Brussels: European Foundation for 

Quality Management. Available from:  www.efqm.org  

(accessed 7 November 2012).  

  49.      International Organization for Standardization .  ISO 

9001 .  Quality management systems  –  requirements . 

 2008 .  

  50.       Sweeney   F  .  Merging GCP and ISO 9000 requirements  –  a 

source of synergy in quality management of clinical 

research .  Drug Inf J .  1994 ; 28 : 1097  –  104 .  

  51.       Campbell   H  ,   Sweatman   J  .  Quality assurance and clinical 

data management . In:   Rondel   RK  ,   Varley   SA  ,   Webb   CF  , 

editors.  Clinical data management ,  2nd ed .  Chichester, 

UK :  John Wiley ;  2000 . pp.  123  –  41 .  

  52.       Buyse   M  ,   George   SL  ,   Evans   S  , et al.  The role of biosta-

tistics in the prevention, detection and treatment of 

fraud in clinical trials .  Stat Med .  1999 ; 18 : 3435  –  51 .  

  53.       Mackintosh   DR  ,   Zepp   VJ  .  Detection of negligence, fraud 

and other bad faith efforts during fi eld auditing of clini-

cal trial sites .  Drug Inf J .  1996 ; 30 : 645  –  53 .  

  54.       Lock   S  , editor.  Fraud and misconduct in medical 

research ,  2nd ed .  London :  BMJ Publishing ;  1996 .  

  55.       Barrett   J  .  Russian roulette; Why do researchers risk all to 

commit fraud?   Quasar .  2011 ; 117 : 14  –  6 .  



189

The Textbook of Pharmaceutical Medicine, Seventh Edition. John P. Griffi n, John Posner, and Geoffrey R. Barker.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

9  Medical  s tatistics  
Andrew P. Grieve
  Aptiv Solutions GmbH, Cologne, Germany    

Introduction 

 The rapid accrual of biomedical information has 
led to considerable interest both in the notion of 
evidence - based medicine and also in the history of 
the use of quantitative evidence in medicine. Tr ö hler 
 [1]  has shown that the origins of a quantitative 
approach to medicine can be traced back to the eight-
eenth century in Britain. It was a movement begun 
by physicians who believed that there was a need to 
move to an empirical approach to medicine and away 
from the systemic pathophysiological approach of 
antiquity. 

 Today, statistics is a necessary and important link 
in the interdisciplinary chain of drug discovery and 
development. There is no part of the drug develop-
ment process where statistics does not have a place: 
from screening chemicals for activity in drug discov-
ery, through all phases of clinical development, 
through pharmaceutical development and manufac-
turing, to the forecasting of the potential sales of a 
new drug. In all of these contexts statisticians and 
statistics are involved in helping scientists understand 
the size of effects relative to considerable variability, 
whether it is biological variability, in the animal or 
human case, or seasonal variability when it comes to 
forecasting sales of an antihistamine. In this chapter, 
we concentrate on the application of statistics to 
clinical research.  

Probability 

 The basis of all statistical inference is probability and 
in order to understand ideas such as confi dence inter-

vals and signifi cance tests, a basic understanding of 
probability is necessary. 

What is probability? 
 What does it mean to say  ‘ The probability of heads is 
half when a coin is tossed? ’  It simply means that if we 
were to toss a coin very many times, heads would 
occur approximately half of the time. If we were to 
toss the coin 1000 times we would expect to get about 
500 heads  –  not exactly 500 heads, but about 500 
heads. Of course, if we were to toss the coin only 
twice, there is no guarantee that heads will occur only 
once. If we were to toss the coin four times, there is 
no guarantee that heads will occur twice. So what can 
we say about the distribution of likely outcomes in 
this latter case? How likely is it that we might get three 
heads and a single tail? We can determine how likely 
different outcomes are by enumeration. Table  9.1  
gives the possible outcomes from tossing a coin four 
times.   

Table 9.1    Enumeration of the results of tossing a coin 

four times 

       Number of heads  

   0     1     2     3     4  

      TTTT    TTTH    TTHH    THHH    HHHH  

          TTHT    THTH    HTHH      

          THTT    THHT    HHTH      

          HTTT    HTTH    HHHT      

              HTHT          

              HHTT          

  Total (16)    1    4    6    4    1  
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want to infer what the true population response rate 
is. The requirement is to be able to make inductive 
probability statements. 

 To illustrate, consider the following information 
about asymptomatic women participating in breast 
screening given by Gigerenzer  [2] :
   1.     The probability of any woman having breast 
cancer is 0.8% (less than one in 100);  
  2.     If a woman has breast cancer, the probability of a 
positive mammogram is 90%;  
  3.     If a woman does not have breast cancer, the prob-
ability of a positive mammogram is 7%.    
 Suppose that a woman has a positive mammogram. 
What is the probability that she in fact has breast 
cancer? To solve this problem statisticians use Bayes ’  
theorem, a theorem in conditional probability intro-
duced by the non - conformist minister Reverend 
Thomas Bayes in 1763  [3] . Gigerenzer explains how 
Bayes ’  theorem works by converting the problem into 
 ‘ natural frequencies ’ . 

 If there are 100,000 asymptomatic patients in the 
population, then 800 will have breast cancer (0.8%; 
 1 ). Of these, 720 (90%;  2 ) will have a positive mam-
mogram. The remaining 99,200 women do not have 
breast cancer, but 6944 (7%;  3 ) will nevertheless have 
a positive mammogram. Therefore, in total 7664 
women will have a positive mammogram, of whom 
720 would in reality have breast cancer. Thus, the 
probability that a woman with a positive mammo-
gram has breast cancer is 720/7644    =    9.4%. 

 While the use of Bayes ’  theorem in this context is 
not generally controversial, its use more generally in 
medical and clinical research has not always been 
positively received  [4] . It is not the scope of the 

 Allowing for the order of the occurrences of heads 
and tails, we can readily determine the probability 
of given outcomes. For example, the probability of 
getting three heads and one tail can be seen to be 
  416 0 25= . . 

 As a second example, the chance of getting a one 
or two from throwing a fair die is   13 . What is the likely 
outcome if the fair die is tossed 10 times? Enumera-
tion could again be used to determine the probability 
of zero, one, two, etc., occurrences of one or two. As 
a result of the process the distribution of outcomes is 
shown in Figure  9.1  from which it is determined that 
the most likely outcome is three out of 10 with a 
probability of just over one - quarter; the probability 
of getting zero occurrences is approximately one in 
60; there is a very small probability of getting eight or 
more occurrences.   

 The distribution illustrated in Figure  9.1  is an 
example of what is called a sampling distribution and 
it will be important when we come to consider statis-
tical tests.  

  Inductive  p robability 
 The sampling distribution determined in the previ-
ous section is an example of a deductive use of prob-
ability. Given that the probability of an occurrence of 
a one or two is known, we were able to deduce the 
probability of the outcomes that could arise if the die 
was tossed 10 times. In medical research, however, we 
do not know what the true probability (response 
probability) is. Ours is the reverse problem, we 
observe a response rate, for example, 23 out of 80 
patients respond positively to a given treatment, and 

     Figure 9.1     Distribution of the number of 1 ’ s or 2 ’ s out of 10.  
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erate pain, is better than experiencing a severe pain. 
Often the categories are assigned a numerical value: 
0    =    absent, 1    =    mild, 2    =    moderate and 3    =    severe, 
but care needs to be taken in the interpretation of 
such numbers because they do not comprise a true 
numerical scale. Thus, the difference between absent 
and mild is not necessarily equivalent to the differ-
ence between mild and moderate.  

Quantitative data
 There are two main types of quantitative data: dis-
crete and continuous. Discrete quantitative data 
usually come about by the counting of numbers of 
events. Examples of this form of data are the number 
of asthma attacks, the numbers of rescue tablets taken 
or the number of relapse events. There are two types 
of continuous quantitative data defi ned by whether 
there is a true zero point of the scale or not. If there 
is such a zero point the scale is a ratio scale, otherwise 
it is an interval scale. Examples of the former are 
height, weight or volume, while a typical example of 
the latter is temperature in which the origin is essen-
tially arbitrary  –  0 ° F is not equivalent to 0 ° C. In prac-
tice, this distinction has no impact on the statistical 
analysis of data and the same techniques are applied 
to data from both ratio and interval scales.  

Measurement and  endpoints
 It is important when choosing a particular measure-
ment scale to answer a number of questions. Is the 
choice that is made of clinical relevance? How is the 
endpoint to be measured? Can we measure the clini-
cal endpoint directly, or must we choose an indirect 
approach? Is the choice that is made sensitive enough 
to measure real treatment effects? Having collected 
the information how are we to analyse it? Some of 
these issues are illustrated in the following sections. 

Responder rates
 Increasingly, clinical researchers ask questions such 
as: what proportion of patients responds to treatment 
A? Do a greater proportion of patients respond to 
active treatment rather than placebo? In these cir-
cumstances, the endpoints tend not to be directly 
measured but are derived from other measurements. 
For example, suppose we are interested in measuring 
the reduction in blood pressure following treatment, 
in particular the primary interest is in determining 
the proportion of patients who experience a reduc-
tion of at least 15   mmHg  –  defi ning such improve-
ment as being a response. Figure  9.2  shows data from 
100 patients with the responder cut - point also being 

present chapter to illustrate the use of Bayesian sta-
tistics in a more general context and interested 
readers should read the excellent introduction to the 
use of Bayesian methods in health care evaluation 
provided by Spiegelhalter et al.  [5] .   

Scales of measurement and 
clinical endpoints

 When you can measure what you are speaking about, 
and express it in numbers, you know something 
about it; but when you cannot measure it, when you 
cannot express it in numbers, your knowledge is of a 
meagre and unsatisfactory kind: it may be the begin-
ning of knowledge, but you have scarcely, in your 
thoughts, advanced to the stage of science  [6] . 

 The movement towards quantifi cation in medicine 
required the development of measures of clinical 
effect. When assessing the effectiveness of his ap -
proach to removing bladder stones, the lithotomist 
William Cheselden measured the impact on mortal-
ity by determining the proportion of patients who 
died  [1] . Similarly, when measuring the pain relief of 
a treatment for migraine headache we need to defi ne 
and measure pain. In whatever circumstances we are 
researching  –  heart disease, depression, etc.  –  we have 
to measure the severity and extent of the disease. 
From a statistical perspective, what is important is the 
scale of measurement. Statisticians generally recog-
nise three types of scale: qualitative, ordinal and 
quantitative. 

Qualitative data
 The simplest form of qualitative data is binary data 
in which there are only two possible values (e.g. 
death/survival, or success/failure), each of which 
needs to be defi ned within a specifi ed time interval, 
has pain relief been achieved within 2   h of treatment, 
success  –  or not, failure. This form of data is extremely 
common in medical research and yet it ignores the 
possibility of gradation, success may not be total but 
only partial and yet not be total failure. These consid-
erations lead naturally to the concept of ordered cat-
egorical or ordinal data. 

 As its name implies, the defi ning property of 
ordinal data is that there is a natural ranking in the 
outcome. For example, the pain associated with 
migraine headache is often measured on a four - point 
ordinal scale: absent, mild, moderate or severe; 
wherein the pain being absent is better than experi-
encing a mild pain, is better than experiencing a mod-



192 Chapter 9 

Biomarkers and  surrogate  endpoints
 In clinical trials intended to provide suffi cient evi-
dence for marketing approval of drugs, what is most 
important is to collect unequivocal evidence of a 
positive risk – benefi t profi le relative to an active 
comparator or placebo. For diseases that are life -
 threatening or those associated with severe morbidity, 
it is preferable that the primary endpoint is of clinical 
relevance, examples being mortality, a measurement 
of the patient ’ s quality of life, such as relief of disease -
 related symptoms, improvement in ability to carry 
out normal activities or reduced hospitalization time. 
Unfortunately, such trials may need to be very large; 
consequently, they tend to have a long duration, and 
can be extremely costly. 

 In such circumstances there is an inevitable desire 
to fi nd alternative surrogate endpoints that allow the 
length and size of clinical trials to be considerably 
reduced  [9] . A common approach has been to utilise 
endpoints that are correlated with the outcome of 
primary interest. Minimally, all that this may require 
is that patients who experience some benefi t on the 
surrogate tend to experience benefi t on the clinically 
meaningful endpoint. While such an approach may 
be useful to demonstrate biological activity, in general 
it is not suffi cient to make a reliable demonstration 
that a treatment will also positively impact the true 
clinical endpoint. As Fleming and DeMets  [10]  note, 
 ‘ a correlate does not a surrogate make ’ . What is 
required is that the effect of treatment on the biomar-
ker correlates well with that on the fi nal endpoint, so 
that a valid surrogate endpoint allows correct infer-

displayed. We can determine from the distribution 
that 73% of patients are classifi ed as responders. 
Alternatively, we can fi t a mathematical distribution 
to the data and estimate the rate from properties of 
the distribution. From the data in Figure  9.2  we can 
estimate the arithmetic mean of the data as well as 
the standard deviation (defi ned in  ‘ Measures of loca-
tion and central tendency ’  and  ‘ Measures of variabil-
ity ’ , see later) giving values of 26.8 and 10   mmHg. If 
the data can be assumed to follow a normal distribu-
tion then we can estimate that 76% of the distribu-
tion will lie below  − 15   mmHg.   

 The fi rst point to be made is that if we can use a 
mathematical distribution to estimate the responder 
rate, it is more effi cient than to count the number 
of observations meeting the condition. Such effi -
ciency gains mean that using the distribution we will 
need fewer patients to estimate the rate to the same 
degree of accuracy. Senn  [7]  reports that the former 
approach can give rise to sample sizes 40% higher 
than using the original measurements. Intuitively, 
this is reasonable because the use of a cut - point 
essentially says that we can distinguish between a 
reduction of 14.9 and 15.1   mmHg, whereas in reality 
those two measurements are essentially equivalent 
in terms of the information they provide about the 
benefi t of a treatment. Secondly, the choice of the 
cut - point is itself arbitrary. Why should a reduction 
of 15   mmHg be any more important than any other? 
In his article, Senn strongly criticises this approach. 
However, it is widely used and does have its own sup-
porters  [8] .  

Figure 9.2     Distribution of change in blood pressure (mmHg).  
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 The advantage of this approach over a simple 
ordinal scale is that it has the characteristics of a 
continuous scale, and hence more sensitive methods 
can be used and potentially at least will result in 
smaller sizes. However, there are questions that are 
often raised concerning this approach.
    •      Can patients understand what they are supposed to 
do?
   •      If patients rate themselves on a VAS scale on two 
occasions when their disease is stable, will they 
provide similar results?  
   •      Do patients use the scale in a similar way  [22] ?    
 All the evidence available in the literature suggests 
that in general these concerns should not preclude the 
use of VAS scales in clinical studies. 

 In some diseases, a simple ordinal scale or a VAS 
scale cannot describe the full spectrum of the disease. 
There are many examples of this including depression 
and erectile dysfunction. Measurement in such cir-
cumstances involves the use of multiple ordinal 
rating scales, often termed items. A patient is scored 
on each item and the summation of the scores on the 
individual items represents an overall assessment of 
the severity of the patient ’ s disease status at the time 
of measurement. Considerable amounts of work have 
to be carried out to ensure the validity of these 
complex scales, including investigations of their 
reproducibility and sensitivity to measuring treat-
ment effects. It may also be important in interna-
tional trials to assess to what extent there is 
cross - cultural uniformity in the use and understand-
ing of the scales. Complex statistical techniques such 
as principal components analysis and factor analysis 
are used as part of this process and one of the issues 
that need to be addressed is whether the individual 
items should be given equal weighting. 

 The use of these multiple rating scales is an attempt 
to develop a simple representation of what may be an 
extremely complex construct. Part of the statistical 
developments of these scales will be to identify sub-
domains of the disease (e.g. physical, emotional and 
sexual). The identifi cation of these subdomains will 
require close collaboration between the statistician 
and the clinical researcher in the interpretation of the 
results.    

Basic statistical principles

 There are two principal forms of statistics: descriptive 
and inferential. The purpose of descriptive statistics 

ence to be drawn regarding the effect of an interven-
tion on the true clinical endpoint of interest. 

 Many statistical approaches have been proposed to 
ensure the validity of surrogates. The seminal work 
of Prentice  [11]  which focused on hypothesis testing 
has been followed by estimation - based methods such 
as Buyse and Molenberghs  [12 – 15] , which aim to 
quantify the degree of validity of a surrogate. 

 There are many examples of biomarkers, which 
have been used as surrogates  [10]  in prominent clini-
cal trials that have been subsequently found to be 
inadequate, illustrating the diffi culty in identifying a 
surrogate endpoint. One notable scenario is that of a 
biomarker that responds to therapy and is highly pre-
dictive of survival, but does not predict the effect of 
treatment on survival. The use of CD4 +  counts in 
HIV trials is an example of such a biomarker  [16,17] . 

 Temple  [18]  has argued that there may be prob-
lems in correctly assessing the risk – benefi t profi le of 
a drug on the basis of fi ndings on a surrogate. This 
may be the case, if the relationship between the 
biomarker and the clinical endpoint is coincidental 
or corelated by a third factor. Furthermore, favoura-
ble or unfavourable drug effects may remain unde-
tected by the surrogate  [19] . 

 Finally, there are time issues associated with bi -
omarkers and surrogates. Biomarkers may be better 
predictors of short - term treatment effects than long -
 term effects  [20]  and therefore we need to be specifi c 
about the timing of outcome assessment when evalu-
ating a biomarker. A distinction is drawn by Hughes 
et al.  [21]  between a concurrent surrogate, measured 
during the same time period as the clinical endpoint 
and an intermediate surrogate, which explains the 
effect of treatment on a clinical endpoint at some 
future time point.  

Rating scales
 In  ‘ Qualitative data ’  we introduced the idea of a 
simple ordinal rating scale such as the four - point 
scale for a migraine headache: absent, mild, moder-
ate, severe. Another simple approach to measurement 
is the visual analogue scale (VAS). The VAS is simply 
a line  –  normally 100   mm long  –  the ends of which 
are associated with descriptions of opposite extremes 
of the disease. For example, in the treatment of 
depression the descriptions might be:  ‘ Couldn ’ t be 
feeling better ’  and  ‘ Couldn ’ t be more depressed ’ . The 
patient marks on the line where his or her current 
experience of depression falls. 
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fore strictly no middle value, the average of the two 
middle values is taken.  
  3.     The mode is the most commonly occurring value 
and can be used for qualitative, ordinal as well as 
quantitative data.    

 The data listed below and displayed in Figure  9.3  
are random measurements of blood glucose (mmol/L) 
taken from 40 fi rst year medical students  [23] .   

  2.2    2.9    3.3 3.3 3.3  

  3.4 3.4 3.4    3.6 3.6 3.6    3.7 3.7  

      3.6      

  3.8 3.8 3.8    3.9    4.0 4.0 4.0  

  4.1 4.1 4.1    4.2    4.3  

  4.4 4.4 4.4    4.5    4.6  

  4.7 4.7 4.7    4.8    4.9 4.9  

  5.0    5.1    6.0  

 The arithmetic mean is:
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 As there are 40 values the median is determined by 
the average of the twentieth and twenty - fi rst values. 
Because these are both 4.0, the median is 4.0   mmol/L. 
The value 3.6   mmol/L occurs four times, more than 
any other, so 3.6   mmol/L is the modal value. The 
three summary statistics are displayed in Figure  9.3 . 
Clearly, for this data the mean and median are similar, 
and this is true for any distribution of values that is 
symmetric, which is the case here. The mode is some-
what removed from both the mean and median. In 

is to give a description of the data that have been 
collected, whether from a clinical trial, epidemiologi-
cal investigation or survey. Inferential statistics is 
aimed at making probability - based statements about 
hypotheses, parameters of populations, etc. 

  Descriptive  s tatistics 
 A major part of descriptive statistics is the use of 
graphical methods to represent data. It is not the 
scope of this chapter to cover graphical methods; 
however, it is good statistical practice to produce a 
visual summary of data. In the following sections 
we concentrate on summary statistics that describe 
important aspects of data. 

  Measures of  l ocation and  c entral  t endency 
 The idea behind measures of location and central 
tendency is contained within the notion of the 
average. There are predominantly three summary 
statistics that are commonly used for describing this 
aspect of a set of data: the arithmetic mean  –  nor-
mally shortened to the mean, the mode and the 
median.
   1.     The mean of a set of values is determined by divid-
ing the sum of the values by the number of values. It 
is mostly utilised for quantitative data, but if applied 
to binary that has been coded 0 or 1, the mean is the 
proportion or rate with the given characteristic.  
  2.     The median is the typical value. It is the midpoint 
of the values when arranged in ascending order and 
has 50% of the values above it and 50% below it. The 
median can be used for both quantitative and ordinal 
data. If there are an even number of values and there-

     Figure 9.3     Distribution of blood glucose levels from 40 students.  
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measure of location is the geometric mean, which 
can be calculated in two steps. First, the data are 
log - transformed and the arithmetic mean of the 
log - transformed data is calculated. Secondly, the 
arithmetic mean is back transformed using an expo-
nential function to give the geometric mean. For the 
triglyceride data, the arithmetic mean of the log -
 transformed data is  − 0.761, and the corresponding 
geometric mean is 0.467 units, which is considerably 
closer to the median.   

 A fi nal measure of location is the harmonic mean. 
This is rarely used explicitly although again it may be 
implicitly used. For example, when considering the 
analysis of heart rate data, many statisticians would 
recommend that the reciprocal of the heart rate be 
analysed rather than the heart rate itself. Again, this 
has to do with an attempt to make the distribution of 
the transformed variable be more symmetric. The 
resulting variable is the duration of a heartbeat. If 
the arithmetic mean of the durations is determined 
and the reciprocal of this value taken, the resulting 
summary is the harmonic mean of the original heart 
rate data.  

Measures of  variability
 In the previous section, we covered different summary 
measures for the location of a set of data. Measures 
of location on their own are not suffi cient to charac-
terise data. We also need to be able to measure the 
variability in data, a measure that indicates to what 
extent individual measurements differ from one 
another. 

 The simplest such measure is the range measuring 
the interval between the smallest and largest values in 
the sample. Although simple, it has the disadvantage 

fact, the mode is not often used as a summary of data 
because it records only the most frequent value, and 
this may be far from the centre of the distribution. A 
second diffi culty with the mode is that there can be 
more than one mode in a sample. For example, had 
one of the values 3.6 been instead 3.5, there would 
have been eight distinct modal values: 3.3, 3.4, 3.6, 
3.8, 4.0, 4.1, 4.4 and 4.7   mmol/L. 

 The median does not use the actual numerical 
values; rather it uses their relative magnitudes. The 
median remains unaffected by extreme values far out 
into the tails of the distribution. For example, had 
the value 6.0   mmol/L been 16.0   mmol/L, the median 
value would have remained unchanged at 4.0   mmol/L. 

 The mean uses the most information from the 
sample, relying as it does on the actual numerical 
values. It is the most commonly used measure of 
location and therefore can be misused. For example, 
we have noted that it is inappropriate to use it for 
ordered categorical data such as: 0    =    absent, 1    =    mild, 
2    =    moderate, 3    =    severe, because in taking an average 
the implicit assumption is being made that a change 
from absent to mild is identical to a change from 
moderate to severe. The arithmetic mean is also sensi-
tive to discrepant values. For a sample in which 
the value 6.0   mmol/L is replaced by 16.0   mmol/L, the 
mean changes from 4.055   mmol/L to 4.305   mmol/L. 
For this reason, the mean should not be used when 
data are asymmetric. 

 Figure  9.4  shows serum triglyceride level in cord 
blood from 282 babies  [23] . Clearly, these data are not 
symmetric. The arithmetic mean is 0.506 units, while 
the median is 0.460 units. Bland  [23]  has shown that 
the logarithms of the data are remarkably symmetri-
cal and, under such conditions, a more appropriate 

Figure 9.4     Distribution of serum triglyceride levels from cord blood of 282 babies.  
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 It is usual to replace the  n  in the denominator by 
( n     −    1) so that the resulting estimate of the popula-
tion value is unbiased. For the blood glucose data the 
variance is 0.488 and the standard deviation 0.698. 

 The measures we have considered have been to do 
with the sample and while this may be of interest in 
its own right, more often we will be interested in 
understanding the variability not of the sample, but 
of a statistic based on the sample. In order to think 
about the variability of a statistic we need to consider 
again the sampling distribution of a statistic in just 
the way we did in the section on probability. 

 To illustrate the point we can conduct a sampling 
experiment. Suppose that the 40 blood glucose meas-
urements in Figure  9.3  comprised the total population 
of values. A sampling experiment can be carried out by 
randomly selecting values from the original 40, calcu-
lating their mean and repeating the process for a given 
number of times. Concretely, we took 40 random 
samples of size 10 from the population of blood 
glucose values. This gives us 40 sample means that are 
not equal to one another, so like the original measure-
ments they show random variability. There are a very 
large number of ways of choosing 10 values from 40, 
and the 40 that have been chosen are a random sample 
from the sampling distribution of the mean. 

 In Figure  9.5  we display both the population histo-
gram as well as the histogram of sample means, and 
clearly these distributions differ. Because the 40 values 
are themselves a random sample from a distribution, 

that it tends to increase with sample size, because 
in larger samples we are increasingly likely to see 
extreme values. For the blood glucose data the range 
is 6.0    −    2.2    =    3.8   mmol/L. 

 A second simple measure of variability is the inter -
 quartile range which is the interval between the upper 
and lower quartiles. The upper quartile of a set of 
data is that value that is less than 25% of the data and 
greater than 75%; similarly, the lower quartile is the 
value that is greater than 25% of the data and less 
than 75%. For the blood glucose data the lower quar-
tile is 3.6   mmol/L and the upper quartile 4.55   mmol/L, 
giving an interquartile range of 0.95   mmol/L. 

 Like the median, neither of these ranges accounts 
for the numerical values of all the data, only their 
relative magnitudes. The standard deviation, which is 
the square root of the variance, accounts for the indi-
vidual magnitudes and is a measure of the average 
squared - deviation of individual values from the 
sample mean. If the individual values are denoted by 
 y i  ,  i     =    1,    . . .    ,  n  and the sample mean by   y , then the 
sample variance is:

   
∑ −=i
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     Figure 9.5     Comparison of population histogram and sampling distribution of the mean of blood glucose levels.  
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we can determine certain characteristics of the distri-
bution, for example, the sample mean and standard 
deviation. The mean of the means is 4.102   mmol/L 
and the standard deviation is 0.177   mmol/L. The orig-
inal population mean was 4.055   mmol/L so that the 
mean of the sampling distribution is reasonably close 
to it. In contrast, the standard deviation of the popula-
tion was 0.698   mmol/L and that is considerably larger 
than the standard deviation from the sampling dis-
tribution. This result mirrors intuition because we 
would expect sampling means to be less variable than 
the individual population values. The standard devia-
tion of this sampling distribution is known as the 
standard error of the mean. For the original 40 blood 
glucose level values the standard of the mean is 
  0 698 40 0 110. / .= .   

 This example shows that the standard deviation of 
the sampling distribution is less than that of the 
population. In fact, this reduction in the variability is 
related to the sample size used to calculate the sample 
means. For example, if we repeat the sampling experi-
ment, but this time based on 15 rather than 10 
random samples, the resulting standard deviation of 
the sampling is 0.159, and on 25 random samples it 
is 0.081. The precise relationship between the popula-
tion standard deviation or and the standard error of 
the mean is:

   s e mean. . ( ) .=
σ
n

  

 The difference between these two concepts, the popu-
lation standard deviation and the standard error of 
the mean, is important and we will return to it when 
considering confi dence intervals.   

  Inferential  s tatistics 
 Historically, the role of statistics in biomedical 
research has been largely to test hypotheses. More 
recently, there has been a move to supplant hypoth-
esis tests from their dominant position by confi dence 
intervals. This move has been endorsed by the Inter-
national Committee of Medical Journal Editors and 
climaxed with the publication, under the auspices of 
the  British Medical Journal , of  Statistics with Confi -
dence   [24] . Hypothesis tests and  p  - values continue to 
be, and will continue to be of importance; this review 
of medical statistics covers all three. 

  Confi dence  i ntervals 
 The estimation of a parameter alone is not suffi cient 
since a single estimate tells us nothing about how 

accurate the estimate is. The main purpose of confi -
dence intervals is to indicate the precision, or impre-
cision, of the estimated statistic as representing the 
population values. The confi dence interval will give 
us a range of values within which we can have a 
chosen confi dence of it containing the population 
value. The degree of confi dence usually presented is 
95%. 

 When estimating a population mean, the 95% con-
fi dence interval is approximately given by:

   
y s n n± × ±

×
1 96 1 96. / ( .

).

sample mean

standard error of the mean
  

 Applying this to the blood glucose level data for 
which we know that the sample mean is 4.055 mmol/L 
and the standard error is 0.110   mmol/L, the 95% 
confi dence limits are approximately 4.055    ±    1.96    ×    
0.110    =    3.84 – 4.13   mmol/L. 

 One question that is often asked of statisticians is: 
in what sense can we be 95% confi dent that the popu-
lation mean lies within the limits 3.84 and 4.13? To 
answer the question we can again conduct a sampling 
experiment as follows. Suppose that the 40 blood 
glucose measurements in Figure  9.3  comprised the 
total population of values. For random sample of size 
10 from the populations of blood glucose values 
determine the sample mean, standard error and the 
corresponding 95% confi dence interval. Repeat the 
process 100 times. The results of such an experiment 
are shown in Figure  9.6 .   

 In this fi gure, each individual confi dence interval 
has been drawn as a vertical straight line joining the 
lower and upper limits. The horizontal line is posi-
tioned at the value 4.055   mmol/L  –  the population 
mean. This gives us 40 sample means that are not 
equal to one another, so they on their own  –  like the 
original measurement  –  show random variability. 
There a very large number of ways of choosing 10 
values from 40, and the 40 that have been chosen are 
a random sample from the sampling distribution of 
the mean. Clearly, most of the 100 intervals include 
the population mean value. In fact, 95 of the 100 
include the population value, while fi ve of them, indi-
cated by the dashed lines, do not. This demonstrates 
the basis of confi dence in a confi dence interval. It is 
a confi dence based on the idea that if we repeat sam-
pling from a population a large number of times and 
each time determine the confi dence interval, then in 
95% of the cases the interval will include the popula-
tion value and in 5% of cases it will not. 
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interested in testing specifi c hypotheses. The vehicle 
that is used to test hypotheses is generally the signifi -
cance test. We will illustrate the concepts behind sig-
nifi cance tests using the data in Table  9.2 .   

 The data in Table  9.2  are taken from a study 
reported by Hindle et al.  [25] , the purpose of which 
was to determine whether a new dry powder inhaler 

 From the formula for a confi dence interval, its 
width is determined by three parameters: the sample 
size, population variability and the degree of confi -
dence. Plainly, if the sample size is increased then we 
have seen the standard error will be reduced and 
hence the width of the interval will also be reduced. 
If we can reduce the variability of the characteristic 
being studied then we can again reduce the standard 
error and hence reduce the width. The reduction of 
variability is not always simple because part of vari-
ability is natural biological variability. However, there 
is also a component of variability that is dependent 
on the measurement process. For example, when 
measuring blood pressure we can attempt to reduce 
variability by: consistently measuring the blood pres-
sure while sitting after a period of rest; taking the 
measurement at the same time of day; ensure the 
measurement is taken by the same nurse or doctor; 
make use of an automatic sphygmomanometer. 
Finally, by increasing the degree of confi dence  –  say 
to 99% from 95%  –  the width of the interval will be 
increased.  

Hypothesis tests,  tests of signifi cance and  p-values
 So far we have concentrated on estimation and con-
fi dence intervals. Often, however, researchers will be 

Figure 9.6     Confi dence intervals from 100 samples of size 10 from the population of blood glucose levels.  

Table 9.2    30 - min post - inhalation urinary salbutamol 

excretion (% inhaled dose) in nine subjects following 

inhalation of 4    ×    100   mg salbutamol using a metered - dose 

inhaler ( MDI ) and a dry powder inhaler ( DISK ) 

   Volunteer     MDI     DISK     Difference  + / −

  1    0.70    0.85  − 0.15     −
  2    0.26    0.80     − 0.54     −
  3    1.18    0.92    0.26     +
  4    1.32    3.45     − 2.13     −
  5    0.37    3.85     − 3.48     −
  6    2.18    4.96     − 2.78     −
  7    2.62    2.11    0.51     +
  8    0.85    1.97     − 1.12     −
  9    1.27    2.47     − 1.20     −
  Mean    1.19    2.38     − 1.18      
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 This is precisely the situation considered in  ‘ What is 
probability? ’  where we considered the distribution of 
heads and tails from the toss of a coin 10 times. As 
there, we can determine the sampling distribution of 
the number of negatives as shown in Figure  9.7 . From 
Figure  9.7  we can see that the probability of achieving 
exactly seven negatives out of nine is approximately 
0.07. This probability is not the  p  - value. The  p  - value 
is the probability that a value of the test statistic as 
large, or larger than that seen in the study would 
occur by chance if there were no difference in the 
treatments. For this example, the  p  - value is the prob-
ability of observing either seven, eight or nine nega-
tives out of nine and this is approximately 0.09. This 
is a one - sided  p  - value. If we are interested in alterna-
tives in both directions, we have to consider values as 
far from the expected number in the other direction. 
The expected number of negatives is 4.5 and it is clear 
from Figure  9.7  that the distribution is symmetric 
about this value and therefore in the other direction 
we will be interested in zero, one or two negatives out 
of nine and this has the same probability, 0.09. The 
two - sided  p  - value is the sum of theses two values 
giving a value of 0.18.   

 How is the  p  - value to be interpreted? On one 
level, it can be interpreted as a measure of how 
likely it is that pure random variation would give the 

(DISK) was equivalent to a traditional metered - dose 
inhaler (MDI) in its ability to deliver doses of a bron-
chodilator to the lungs of volunteers. The data are the 
percentages of an inhaled dose of salbutamol recov-
ered in a urine sample taken 30   min post - inhalation 
for each method of delivery in nine volunteers. A 
measure of treatment effect is the difference in per-
centages within volunteers, shown in the fourth 
column. Of these differences seven are negative and 
two are positive (fi fth column) and the question we 
need to answer is how likely is it that if there is 
no difference between the inhalers, we would see 
this degree of imbalance between negatives and 
positives? 

 The signifi cance test requires us to specify:
   1.     A null hypothesis to be tested  –  defi ning that there 
is no difference between the treatments.  
  2.     The null hypothesis is tested against an alternative 
hypothesis  –  which defi nes how the treatments may 
differ. This will be important when considering 
sample sizing and power in  ‘ Sample size and power 
calculations ’ . This difference can be in either direc-
tion, giving rise to one - sided and two - sided tests.  
  3.     A test statistic  –  a measure of how much the data 
depart from the null hypothesis.    

 If there were truly no difference between the inhal-
ers then we would expect that any individual differ-
ence is as likely to be negative as it is to be positive. 
In other words, in these circumstances the probability 
of a negative is  1 / 2 . The null hypothesis then will be:

     Figure 9.7     Distribution of the number of negatives out of 9 given the null hypothesis is true.  
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1.     we want to collect data concerning the effi cacy and 
safety of a new treatment regime;  
2.     we want to test hypotheses concerning the drug 
that are of interest to us;  
3.     we want to convince the regulators as to the 
results; and  
4.     we want to convince the prescribers as to the value 
of the drug.    
 An important aspect of achieving this is that in the 
protocol we say what we are going to do; in the sta-
tistical analysis plan, developed before the data are 
collected, we implement what we said we were going 
to do and carry it through to the statistical analysis 
itself; fi nally, in the study report we verify that we did 
what we said we were going to do. Many of the prob-
lems associated with the running of clinical trials 
would be minimised if clinical researchers followed 
this simple recipe. This is no more than Good Clinical 
Practice  [27] , or thought of in another way it is 
similar to Total Quality Management, which recog-
nises that it is preferable to build quality into a 
product than to try and correct its output. Critical to 
much of this is a careful understanding of the aims 
and objectives of the clinical trial. 

Study aims and objectives
 A key fi gure in the development of clinical trials 
methodology in the twentieth century was Sir Austin 
Bradford Hill. In his  Principles of Medical Statistics
 [28] , which fi rst appeared as a series of articles in  The
Lancet  and was subsequently published as a book, he 
described the clinical trial as being  ‘ a carefully, and 
ethically, designed experiment with the aim of 
answering some precisely framed question ’ . It is 
notable that this defi nition talks of a question, not 
questions. To illustrate he describes an early trial of 
streptomycin in which the object was  ‘ to measure the 
effect of the drug on respiratory tuberculosis ’ . He 
points out is that this objective is too vague. Ques-
tions that need to be answered are as follow.
    •      Which aspects of the illness are important? 

(a)     the minimal lesions on acquisition;  
(b)     the advanced progressive disease with poor 
prognosis; and  
(c)     the chronic, relatively inactive state.    

   •      Because speed of recovery depends on age, we need 
to specify more closely the age groups to be included.    
 Greater precision is required in the objectives. We 
need to have:
    •      a defi ned population;  
   •      defi ned endpoints; and  
   •      relatively few questions to be answered.    

magnitude of differences seen in the study. If the  p  -
 value is small then it can be argued that, all other 
things being equal, it is unlikely that the differences 
could be due to chance variation alone. Standardly, a 
value of 0.05 is often used as a cut - point to determine 
whether the p  - value is small or not. If the  p  - value is 
smaller than 0.05 then we could  ‘ reject the null 
hypothesis ’ , or state the treatments are statistically 
different. If we strictly follow this rule, then if we were 
to carry out 100 studies in circumstances in which 
there was no true difference between the treatments 
then we would expect, by chance, fi ve times out of 
these 100 to conclude that the null hypothesis was 
false. Making a decision to reject a true null hypoth-
esis is termed an error of the fi rst kind, and the prob-
ability of such an error under the null hypothesis is 
called the type I error, signifi cance level or false posi-
tive rate. 

 The test of signifi cance that we used as an illustra-
tion utilised only the sign of the differences  –  whether 
it was negative or positive. Generally, the actual dif-
ferences are used. If we think about the differences 
themselves then if there were no difference between 
the treatments we would expect the average difference 
to be zero. This defi nes the null hypothesis. The 
sample mean of the differences divided by its stand-
ard error is the test statistic and a large value of this 
statistic would indicate that there is likely to be a dif-
ference between the treatments. 

 The data in Table  9.2  give a sample mean difference 
of  − 1.181 percentage units with a standard error of 
0.459 giving a test statistic of  − 1.181/0.459    =     − 2.573. 
This should be compared to a Student ’ s  t  - distribution 
which tells us that  –  given a suitable tabulation of 
values  –  the  p  - value for a difference as large or larger 
than the average difference seen here is 0.0165 for a 
one - sided test or 0.0330 for a two - sided test.    

Issues in design

 The medical statistician ’ s role in regard to the inves-
tigation should be that of obstetrician, rather than 
morbid anatomist, for it is unfair to expect him or 
her to extract scientifi c knowledge by performing a 
kind of mathematical post - mortem upon the numer-
ical remains of a badly planned study  [26] . 

 Many of the important statistical aspects of clinical 
trials design are dealt with in detail in Chapter  7  and 
so here only specifi c statistical aspects are discussed. 
The prospect facing us before we conduct a clinical 
trial is that:
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          Females      

   Type I 
error ( α )

   No type I 
error (1    −     α )

  Males    Type I error ( α )     α  [2]     α (1    −     α )
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 From which we can determine the probability of at 
least one type I error as:

α α α α α α α
α α α
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( ) .

2 1 1 2 2

2

+ − + − = −
= − >

 If we are using a standard 5% type I error then this 
probability    =    0.05(2    −    0.05)    =    0.0975 which is almost 
twice the pre - specifi ed value. As the number of sub-
groups is increased, this probability grows as is shown 
in Table  9.3  and this provides the caution that ICH 
E9 expresses about subgroup analyses.   

 As Hill pointed out:  ‘ it would of course be possible 
deliberately to incorporate more and different groups 
(of patients) in a trial, but to start out without 
thought and with all and sundry included, with the 
hope that the results can somehow be sorted out sta-
tistically in the end is to court disaster ’ . In essence, 
simplicity is to be admired. 

 The need for clarity in the objectives of a study is 
also addressed in drug regulations. Here are four 
examples.
1.     Is a difference sought or is equivalence the ob -
jective? The International Conference of Harmo-
nisation (ICH E9)  [29]  makes it clear that  ‘ it is vital 
that the protocol of a trial, designed to demon -
strate equivalence or non - inferiority contains a 
clear statement that this is its explicit intention ’  
(ICH E9, Section 3.3.2). In the past if a trial failed to 
show that a new treatment gave benefi t compared 
to a standard, it was commonplace to claim that 
the new treatment was therefore as effective as the 
standard. Such an argument is no longer acceptable 
as will be discussed in  ‘ Active control groups ’  (see 
later).  
2.     Is there a specifi c subgroup of patients of extra 
interest? In this case ICH E9 states,  ‘ any claim of treat-
ment effi cacy (or lack thereof) or safety based solely 
on exploratory subgroup analyses are unlikely to be 
acceptable ’  (ICH E9, Section 5.7).  
3.     Is one specifi c treatment comparison important? 
 ‘ any aspects of multiplicity    . . .    should be identifi ed in 
the protocol; adjustment should always be consid-
ered    . . .    an explanation of why adjustment is not 
thought necessary should be set out in the analysis 
plan ’  (ICH E9, Section 5.6).  
4.     Is one variable more important than others? 
 ‘ Redefi nition of the primary variable after unblind -
ing will almost always be unacceptable, since the 
biases this introduces are diffi cult to assess ’  (ICH E9, 
Section 2.2.2).    

 The issue covered in the second and third examples 
relate to elevating the type I error as we carry out 
more and more individual tests. There are three cir-
cumstances in which this may occur.
1.      Multiple comparisons   –  in which comparisons are 
made amongst more than two treatments.  
2.      Multiple endpoints   –  in which two treatments are 
compared with many endpoints.  
3.      Multiple looks at the data   –  examples of which are 
interim analyses and subgroups.    
 To illustrate the problem in subgroups, suppose we 
separately compare treatments in both males and 
females. Then we have the following possibilities:

Table 9.3    Impact of multiple subgroup testing on the 

overall probability of at least one type I error 

   Number of subgroups     Probability of at least 
one type I error  

  2   0.0975

  3   0.1426

  4   0.1855

  5   0.2262

  6   0.2649

  7   0.3017

  8   0.3366

  9   0.3598

  10   0.4013

 To illustrate how the type I error may be elevated 
by using interim analysis we conduct a sampling 
experiment. The data below are 50 values of the 
Ritchie Index, a measurement of joint stiffness in 
patients with rheumatoid arthritis taken from a 
study reported by Barnes et al.  [30] . The values were 
obtained during the study run in a pre - treatment 
phase. 

  14    9    8    9    1    20    3    3    2    4  

  2    3    6    1    2    11    16    24    16    21  

  19    22    33    12    12    12    19    10    33    2  

  19    40    1    20    1    2    4    7    9    4  

  9    6    14    8    27    10    27    7    24    21  
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falsely conclude signifi cance. In other words, by 
repeating the test the false positive rate is increased. 
In 1969 Armitage et al.  [31]  investigated issues associ-
ated with multiple tests of accumulating data. Their 
work led directly to the development of group 
sequential designs and the use of stopping rules ini-
tially by Pocock in 1977  [32] , O ’ Brien and Fleming in 
1979  [33]  and the  α  - spending function of Lan and 
DeMets in 1983  [34] .   

 There are two potential solutions to this problem. 
First, we can pre - specify a single test (group) on the 
primary endpoint at a single point in time, much in 
line with Hill ’ s views. Or, we can attempt a statistical 
solution based on adjusting the type I error for the 
individual tests. 

 The group sequential tests are such a statistical 
solution to the repeated testing case. For multiple 
subgroups, we can use the Bonferonni  [35]  correc-
tion. In the case of two subgroups this requires us to 
test each individual subgroup at a type I error of 
0.0253 leading to a probability of making at least one 
type I error of 0.05 as required.  

  Explanatory/pragmatic  t rials 
 As we have seen in many ways, good research is 
characterised by studies that address a well - defi ned 

 The mean of these data is 12.18 units and the stand-
ard deviation is 9.69 units. Let us suppose that we 
wish to test the null hypothesis that the population 
mean is 12.18, in other words the null hypothesis is 
true. Suppose also that we can conduct the study in 
one of the two ways. In the fi rst, we take a random 
sample of 20 subjects from the population and test 
the hypothesis at the 5% level at the end of the trial. 
In the second, we plan to take a maximum of 20 
patients from the population, but allow ourselves the 
option of testing after 10 patients, again at the 5% 
level, and if the result were signifi cant stopping the 
trial, otherwise continuing to the end at which point 
a second 5% level test would be conducted. The sam-
pling experiment consists as before of randomly sam-
pling from the population under each design and 
then repeating the process a large number of times, 
in this case 100 times. 

 The results of the simulation are shown in Figure 
 9.8 . In this fi gure, we see that in the fi rst design in 
which there is one analysis after 20 patients, there are 
fi ve cases where we would falsely declare a signifi cant 
result and this is consistent with a 5% level of signifi -
cance. On the other hand, if we were to test at the 
interim, and if not signifi cant continue to the end, we 
fi nd that there are in total 12 cases where we would 

     Figure 9.8     Results of a simulation experiment comparing a design with analyses after 10 and 20 patients, and a design with 

a single analysis after 20 patients.  
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example, including the possibility of individual dose 
titration. The delivery of treatment is likely to mimic 
real - life usage.  

Outcome measures 
 In explanatory trials, endpoints are likely to be objec-
tive, possibly surrogate, and may be chosen to max-
imise the sensitivity to detect treatment differences. 
In contrast, endpoints in pragmatic trials will tend to 
be more patient - centred including, for example, sur-
vival and quality of life.  

Conduct
 The conduct of explanatory trials will include close 
monitoring of the study in an attempt to ensure strict 
adherence to the protocol. There is likely to be 
exhaustive recording of data. In contrast, the conduct 
of pragmatic trials will tend to mirror real life. There 
will be attempts to minimise data recording, but there 
is likely to be exhaustive follow - up of all patients.  

Analysis
 In explanatory trials, we are likely to exclude both 
protocol violators and treatment non - compliers. The 
objective behind these exclusions is to increase the 
effi ciency. However, the exclusions may give rise to 
bias and hence to compromise the results if too many 
patients are excluded. Such an analysis population is 
termed as completers, or per protocol, population. In 
pragmatic trials, we generally include all patients 
using the intention to treat (ITT) principle.  

Intention to treat 
 The purpose of utilising an ITT analysis population 
is to minimise the bias that can occur by excluding 
patients who do not complete a trial. The late Profes-
sor Ken McRae illustrated the concept using the fol-
lowing simple example. 

 A physician believes that fell - running is the best 
treatment following a myocardial infarction. He 
decides to test this by sending patients to run up Ben 
Nevis. Of the 25 patients who complete the course 
(of treatment), all 25 survived for at least 10 years. 
However, before concluding that fell - running is the 
best treatment, we should not forget the 25 who 
refused the treatment, the 25 who were lost on Ben 
Nevis and the 25 who die while running. 

 There are many different defi nitions of an ITT 
population tailored to specifi c diseases or trial 
designs. Amongst these are the following:
    •      all randomised patients (in the groups to which 
they were randomised);  

question. There are essentially two types of questions 
to be answered: explanatory and pragmatic, a distinc-
tion originally drawn by Schwartz et al.  [36] . Explana-
tory studies focus on mechanisms looking for a 
potential benefi t by adhering to laboratory condi-
tions, and can be thought of as proof of concept 
studies. They tend to be scientifi c in nature, concen-
trating on furthering scientifi c knowledge. Pragmatic 
studies, on the other hand, assess whether such 
potential can be realised in a more realistic setting, 
fi rst in phase III confi rmatory trials and then ulti-
mately in phase IV or post - marketing trials. They are 
more likely to be  ‘ technological ’  in nature with the 
aim of providing clinically relevant recommenda-
tions for treating patients. The distinction between 
these two types of trials is crucial because it has direct 
infl uence on the designs, conduct, analysis and inter-
pretation of the results of the studies. Many studies 
attempt to answer both type of questions simultane-
ously but care should be taken in recognising and 
acknowledging this:  ‘ The protocol should make a 
clear distinction between the aspects of a trial which 
will be used for confi rmatory proof and the aspects 
which will provide the basis for explanatory analysis ’  
(ICH E9, Section 2.1.3). 

 To illustrate how explanatory and pragmatic trials 
differ from one another we look in turn at subjects, 
treatments and delivery, outcome measures, conduct 
and analysis. 

Subjects
 Subjects in an explanatory study are more likely to be 
high - risk patients in whom a high response can be 
anticipated, for example, because of a good history of 
treatment compliance. The population of patients 
will tend to be relatively homogeneous, controlled 
by tight inclusion/exclusion criteria and hence the 
sample size will tend to be relatively small. In con-
trast, pragmatic studies are more likely to have a 
much wider inclusion criteria, to ensure representa-
tion from the target population. As a consequence, 
the patients will tend to be more heterogeneous, 
leading to larger sample sizes.  

Treatment and  delivery
 In explanatory studies, there is a tendency to compare 
a new treatment with placebo and to rigidly adhere 
to single doses of the new treatment in anticipation 
of maximising treatment compliance. On the other 
hand, pragmatic studies are more likely to compare 
the new treatment with the best available alternative 
and to use a more fl exible attitude to dosing, for 
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Defi ning the  endpoint for binary data
 The data in Table  9.4  have been extracted from an 
investigation reported by Miranda - Filho et al.  [37]  
who compared the treatment of tetanus by the 
intrathecal route with the standard intramuscular 
route. The primary endpoints of the study were 
disease progression and death and we concentrate 
here on the former.   

 Any inferences about the difference between the 
effects of the two treatments that may be made upon 
such data are the observed rates, or proportions 
of deteriorations by the intrathecal route. In this 
example, amongst those treated by the intrathecal 
route 22/58    =    0.379 of patients deteriorated, and the 
corresponding control rate is 37/60    =    0.617. The 
observed rates are estimates of the population inci-
dence rates,  πt  for the test treatment and  πC  for the 
controls. Any representation of differences between 
the treatments will be based upon these population 
rates and the estimated measure of the treatment 
effect will be reported with an associated 95% confi -
dence interval and/or  p  - value. 

 Typically, statisticians use one of the three 
approaches to represent treatment differences for 
such data: absolute rate reduction (ARR), relative risk 
(RR) and the odds ratio (OR). In the fi rst approach 
we look at the difference between rates  δ     =     πC     −     πt . 
For this tetanus data, the estimated ARR is 
0.617    −    0.379    =    0.238, indicating that the intrathecal 
route reduces the rate of deterioration by approxi-
mately 24%. The 95% confi dence interval associated 
with this estimate is 0.0621 – 0.4127 and because 
the interval does not contain zero the  p  - value is less 
than 0.05. 

 In the case of RR, we look at the ratio of the rates: 
ϕ     =     πC / πt . For the tetanus data, the estimated RR is 
0.617/0.379    =    1.63; in other words, the risk of becom-
ing infected with typhoid among controls is approxi-
mately twice that among those inoculated. The 95% 

   •      all randomised patients (correctly allocated);  
   •      all randomised patients with at least one dose of 
study drug; and  
   •      all randomised patients with at least one dose of 
study drug and at least one observation of the effi cacy 
variable after baseline.    
 Whichever defi nition is to be used it must be defi ned 
in the protocol. 

 One issue that is important to determine is how 
missing data will be handled in an ITT analysis. ITT 
was largely developed in clinical trials in which the 
major endpoints were events, mortality, infarctions, 
etc. In such studies it is possible to follow - up on 
patients who withdraw from treatment and deter-
mine whether the event has occurred or not and 
indeed in such trials every effort should be made to 
do this. For other types of data (e.g. a pain scale) 
other approaches are necessary. 

 Very often, a last - observation - carried - forward 
analysis is carried out in which the last available 
observation in any patient is used.   

Choice of endpoint
 It was noted in  ‘ Measurement and endpoints ’  that in 
choosing the primary endpoint to be used in a study 
there are a number of questions that need to be 
considered.
    •      Which aspects of the disease are we interested in 
measuring?  
   •      Of the potential endpoints: 

(a)     are they clinically meaningful?  
(b)     are they relevant to patients?  
(c)     how is each measured? Can they be measured 
directly?  
(d)     are they sensitive to treatment?    

   •      How do we analyse what we have measured?    
 To illustrate how there can be a strong link between 
the endpoint of the method of analysis we consider 
the case of binary data in the next section. 

Table 9.4    Incidence of deterioration and death in patients treated for tetanus by 

the intrathecal and intramuscular routes 

        Treatment     Deteriorated     Stable/improved     Total  

  Disease deterioration    Intrathecal    22    36    58  

  Intramuscular    37    23    60  

        Treatment     Died     Survived     Total  

  Mortality    Intrathecal    4    54    58  

  Intramuscular    10    50    60  
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Forrow et al.  [41]  report the results of a study in 
which physicians reported they were more likely to 
treat both hypertension and hypercholesterolaemia 
when data were presented in the form of RR rather 
than ARR. 

 Laupacis et al.  [48]  introduced the number needed 
to treat (NNT) into the medical literature as an easily 
understood and useful measure of treatment effect 
for clinical trials in which the main outcome variable 
is binary. It has been argued that the NNT is more 
easily understood by practising physicians than more 
statistically based measures. Mathematically, the defi -
nition of the NNT is extremely simple as it is just the 
reciprocal of the ARR:

   NNT
ARR C t

= =
−

1 1

π π
.   

 Conventionally, this is interpreted as meaning that if 
NNT patients are treated with each treatment, one 
additional patient will benefi t from being treated 
with the new treatment compared to the control. 
Applying this defi nition to the mortality data from 
the Hindle et al. study  [25]  gives an NNT of 
1/(0.161    −    0.063)    =    10.83. Conventionally, this is 
interpreted as meaning that approximately 11 patients 
need to be treated intrathecally to save one life. 

 Since its inception the NNT has been widely used, 
not only to report the results of individual clinical 
trials, but more particularly in the evidence - based 
medicine world to report the results of systematic 
reviews, or meta - analyses (see  ‘ Meta - analysis and 
summaries ’ ). Its use by the evidence - based medicine 
fraternity has led to the NNT being incorporated 
into a number of treatment guidelines. Three of four 
recent clinical practice guidelines issued by the Aus-
tralian and New Zealand College of Psychiatrists used 
the NNT in summarising results  [49 – 51] . Despite its 
popularity with clinicians, not all statisticians have 
been as supportive  [52,53] .   

confi dence interval for the estimated RR is 1.35 – 2.03, 
and again because the interval excludes the null value, 
in this case one, the  p  - value is less than 0.05. 

 Finally, the OR is defi ned as:  θ     =     π  C (1    −     π  t )/
[ π  t (1    −     π  C )]. For the tetanus data the estimated OR is 
0.617    ×    0.621/(0.383    ×    0.379)    =    2.63 and its associ-
ated 95% confi dence interval is 1.25 – 5.53 once again 
indicating a  p  - value of less than 0.05. 

 In Table  9.5  we compare the response rates for the 
two primary endpoints  –  disease deterioration and 
mortality for the Hindle et al. study  [25] . What is 
interesting is that for the mortality endpoint ARR 
shows less deviation from the null than in the case of 
disease deterioration, while the converse holds for the 
RR. This is often regarded as a major defect of the RR 
as a measure of treatment effect, in that it does not 
take account of baseline, or control risk. In fact, there 
are examples in which the converse is true, increased 
ARR but reduced RR. The choice between the meas-
ures cannot, or should not be based upon such dif-
ferences but upon the relevance of absolute or relative 
effects.   

 There is considerable evidence that the form in 
which data is reported has an impact on the under-
standing of the results, and on the decisions which 
are taken on the basis of the data  [38 – 47] . For 
example, Misselbrook and Armstrong  [44]  report 
the results of an investigation in which hypertensive 
and matched non - hypertensive patients were offered 
treatment for chronic mild hypertension. They were 
provided information of the positive impact of the 
offered treatment on the likelihood of their develop-
ing a future stroke. The information was presented in 
different formats, including RR and ARR. When the 
information of the benefi t of treatment was given in 
the form of RR, 92% of patients responded that they 
would accept treatment. In contrast, when the same 
information was presented in the form of ARR, only 
75% patients reported that they would accept treat-
ment. The confusion is not restricted to patients. 

  Table 9.5    Incidence of deterioration and death in patients treated for tetanus by the intrathecal and intramuscular routes 

  Endpoint     Rates     Summary measures  

   Intrathecal     Intramuscular     ARR     RR  

  Disease deterioration    0.617    0.379    0.238    1.626  

  Mortality    0.161    0.063    0.092    2.339  

   ARR, absolute rate reduction; RR, relative risk.   
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domisation which is generated is: BBAAABABAAAB 
giving seven A ’ s and fi ve B ’ s. Although unrestricted 
randomisation is simple in principle, it does not 
guarantee that there are equal number of patients per 
treatment group, as here.  

Blocked  randomisation   If using blocked randomisa-
tion, we ensure balance between treatments within a 
block of patients. Suppose, for example, we again 
wish to randomise the two treatments, A and B, to 12 
patients in blocks of size four. Then within each block 
of four patients, treatments are randomly allocated to 
patients to ensure that two patients receive both A 
and B. For example:

   Block  

  2    1    3  

  AABB    ABBA    BABA  

 The advantages of blocked randomisation are that 
it protects against time effects, by which it is meant 
that if the characteristics of the patients entered into 
the study change, blocking protects against lack of 
balance. In multicentre trials it reduces the risk of 
serious imbalance with respect to the numbers 
of patients allocated to each treatment. The disadvan-
tages are that the last treatments allocated in each 
block may become known if there is the possibility of 
functional unblinding through known properties 
of the treatments. Secondly, it is practically imple-
mented with only a small number of stratifi cation 
factors (see  ‘ Multicentre studies and stratifi ed ran-
domisation ’ ). The fi rst disadvantage can be mitigated 
by making the block size long enough to avoid pre-
dictability or having block length (e.g. four, six or 
eight) and, secondly, by making investigators blind to 
block length.  

Multicentre  studies and stratifi ed  randomisation   In 
multicentre trials it is usual to use a separate ran-
domisation procedure within each centre to ensure 
that there is balance  –  or at least near balance within 
each centre. In such circumstances ICH E9 (Section 
2.3.2) recommends that the randomisation be per-
formed centrally, with several blocks allocated to each 
centre. This procedure is a simple form of stratifi ed 
randomisation. 

 A second important use of stratifi ed randomisa-
tion is in those cases where it is known that a particu-
lar set of variables are, or are believed to be, important 

Prevention of  bias
 As pointed out in ICH E9,  ‘ the most important design 
techniques for avoiding bias in clinical trials are 
blinding and randomisation, and these should be a 
normal feature of most controlled clinical trials 
intended to be included in a marketing application ’ . 
The avoidance of bias is absolutely crucial if the inter-
pretation of the results of a clinical trial is to be valid. 
We noted in  ‘ Hypothesis tests, tests of signifi cance 
and p  - values ’  that the logic of signifi cance test is that 
 ‘ all other things being equal ’  a small  p  - value would 
allow us to conclude that there was a signifi cant dif-
ference between the treatments. The meaning of the 
phrase  ‘ all other things being equal ’  is that the only 
differences between the patients in the treatment 
groups are the treatments that the patients receive. 
Randomisation and blinding provide us with the 
means to ensure this. 

Randomisation
 Why do we randomise? Randomisation is a proce-
dure based on a chance allocation of subjects to treat-
ments. Its purpose is to produce groups of patients 
comparable, or balanced, with respect to factors that 
may infl uence outcome apart from the treatments 
themselves, thus allowing us to make a strong causal 
connection between the treatments and their differ-
ent outcomes. What is important here is to realise that 
randomisation protects us not only against imbalance 
with respect to important known prognostic factors 
but also against imbalance with respect to the 
unknown, possibly unmeasured factors. While many 
people would argue that the justly famous Medical 
Research Council study of streptomycin for the treat-
ment of tuberculosis  [54]  was the fi rst trial to use 
randomisation, this is not the case  [55,56] . Indeed, 
the notion of balance was known to be important in 
the eighteenth century  [1] . 

 A second reason for randomisation is that from a 
statistical perspective it ensures the validity of the 
standards approaches to statistical inference,  t  - tests, 
analysis of variance (ANOVA), etc. 

Unrestricted  randomisation   The simplest form of 
randomisation is unrestricted randomisation. Sup-
pose we need to randomise 12 patients to two treat-
ments, A and B, and that we have access to a table of 
random numbers (e.g. Table A in Campbell and 
Machin)  [57] . Choosing randomly the twenty - fi rst 
row and fourth block, the next 12 random numbers 
in this table are 316427816281. If even numbers are 
assigned to A and odd numbers to B, then the ran-
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dynamic allocation, or minimisation, has been 
recommended. 

 Minimisation is based on the idea of biasing the 
treatment allocation so as to minimise the total 
imbalance between treatments according to some cri-
terion. To illustrate, consider the case shown in Table 
 9.6 . This shows the current balance of individual 
prognostic factors in a hypothetical study with three 
prognostic factors run in three centres. So far 50 
patients have been randomised to each treatment. 
Suppose that the next patient has following 
characteristics:   

   Disease severity     moderate  

  Age  < 55 years  

  Length of illness     > 10 years  

  Centre    2  

 For each treatment, we add together the numbers 
corresponding to the characteristics of the next 
patient to give:
   Treatment A: 30    +    18    +    29    +    8    =    85  
  Treatment B: 31    +    17    +    28    +    7    =    83.    
 Minimisation then favours B because this has the 
smallest total. There are two ways of favouring B. One 
is to bias the allocation probability in favour of B; for 
example, B has an 80% chance of being chosen, and 
A a 20% chance. The other approach  –  deterministic 
minimisation, allocates B with 100% chance. 

 The main advantages of minimisation are that it 
achieves good balance on prognostic factors and 
thereby increases effi ciency. However, it has been 

prognostically. It is desirable in such cases to ensure 
balanced allocation within each combination of the 
levels of these prognostic variables that can lead to 
enhanced effi ciency in comparing treatments. As a 
simple illustration, suppose that gender and age are 
important, and that the strata for the latter are 
defi ned by:  < 40, 40 – 59,  > 60 years. Within each com-
bination of the strata, a separate randomisation list, 
perhaps based on blocks, is prepared to give:

   Strata     Blocks  

   Sex     Age     1     2     3  

  F  < 40    AABB    BABA    ABBA  

  F    40 – 59    BARB    AABB    BBAA  

  F     > 60    BBAA    AABB    AABB  

  M     < 40    ABBA    BABA    BBAA  

  M    40 – 59    BABA    BABA    AABB  

  M     > 60    ABBA    BAAB    ABAB  

 The advantages of stratifi ed randomisation are to:
1.     minimise the chance of accidental bias with 
respect to important factors;  
2.     increase the precision with which the treatments 
are compared and the power (see  ‘ Choice of analysis ’ ) 
to detect treatment differences;  
3.     make the trial results more convincing by being 
able to demonstrate the balance with respect to the 
important factors.    
 As far as disadvantages go, the need for central ran-
domisation may slow the process of randomisation 
for an individual patient, although computer systems 
make this less of an issue than was previously the case. 
Secondly, there is always a danger that misclassifi ca-
tion of patients to strata can occur and this is only 
found out later, leading to a danger of increased 
imbalance. Thirdly, while there are improvements to 
precision and power, the gains are limited. Finally, 
while stratifi ed randomisation can reduce bias and 
imbalance, there is a school of thought that suggests 
that post - stratifi cation, for example, analysis of cov-
ariance (ANCOVA) can reduce bias.  

Dynamic randomisation – minimisation   When there 
are a large number of prognostic variables to account 
for, it may be practically diffi cult to implement a fully 
stratifi ed randomisation scheme. The reason being 
that with a large number of factors there are even 
more individual stratum combinations and therefore 
there will be very few patients in many of the com-
binations. In such circumstances, the method of 

Table 9.6    Balance of four prognostic factors in a 

hypothetical trial after 50 patients have been randomised 

  Factor    Level     No. on each 
treatment  

   A     B  

  Disease severity    Moderate    30    31  

  Severe    20    19  

  Age     < 55 years    18    17  

≥ 55 years    32    33  

  Length of illness     < 10 years    21    22  

≥ 10 years    29    28  

  Centre    1    19    21  

  2    8    7  

  3    23    22  
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et al.  [61] . This trial in newborn babies with severe 
respiratory failure compared extracorporeal mem-
brane oxygenation (ECMO) with a standard ventila-
tor. The endpoint was survival and given that it was 
anticipated there would be a major benefi t of ECMO, 
it was decided to run it as an RPW. It resulted in the 
following sequence of allocation and data (S: success, 
F: failure):

   Patient number  

  Treatment    1    2    3    4    5    6    7    8    9    10    11    12  

  ECMO    S        S    S    S    S    S    S    S    S    S    S  

  Standard        F                                          

 The study was stopped after the result from the 
twelfth patient was known because the statistical 
analysis showed that there was signifi cant evidence 
favouring ECMO. These results generated contro-
versy, fi rst about the appropriate statistical analysis of 
such data, and secondly about the wisdom of defi -
nitely concluding benefi t in favour of ECMO when 
only one patient was treated with the standard. This 
latter issue could have been addressed either by 
increasing the number of balls in the urn initially, for 
example, by using an RPW , which would have slowed 
down the imbalance in favour of ECMO, or by using 
a randomised block of say 10 patients before an urn 
model was used and in which the initial ratio of col-
oured balls is determined by the results of the ran-
domised block. 

 However, there is a counter argument. In the 
ECMO trial, after the result of the ninth patient 
became known, the RPW design requires that the 
patients be randomised to ECMO compared to the 
standard ventilator in the ratio 9   :   1. Clayton  [62]  
argues that if the one treatment is so much superior 
to the other that 90% of patients are allocated to it, 
it is unethical to withhold it from the remaining 10%. 
If we accept that argument, is it also true if the ratio 
is 8   :   1 or 7   :   1? How much information is suffi cient to 
make us, ethically, refuse to randomise patients? Such 
questions are not simple.   

Blinding
 The primary purpose of blinding is to minimise any 
conscious, or unconscious, bias in the conduct of a 
clinical trial. Such biases may arise through alloca-
tion, through assessment of treatment effects by phy-
sician, the attitude of the patient knowing that they 
are receiving a particular treatment, decisions made 

criticised  –  particularly deterministic minimisation 
 –  for not guaranteeing the underlying randomness 
assumed by the statistical methods used to analyse the 
data. A second disadvantage is that because minimi-
sation is a dynamic process it uses information on 
subjects already entered to allocate to future patients. 
Because these patients may be in other centres the 
process is usually carried out by a centralised system 
using the internet, fax or telephone.  

Ethical issues and randomisation   There are ethical 
issues with randomisation. There are two types of 
ethics that are associated with human medical 
research: individual and collective ethics  [58,59] . 
Individual ethics recognises the primacy of the indi-
vidual and is aimed at doing what is best for the 
subjects in the current trial. In contrast, collective 
ethics is aimed at doing what is best for all future 
patients who will benefi t from the results of the 
current trial. Clearly, there is a tension between these 
two principles which is recognised in the Declaration 
of Helsinki, which comes down on the side of the 
individual:  ‘ Concern for the interests of the subject 
must always prevail over the interest of science and 
society ’   [60] . 

 Many have argued that concerns for the individual 
intuitively lead to the use of adaptive designs in which 
randomisation is biased towards the more successful 
treatment or treatments. One type of adaptive design 
is the randomised - play - the - winner (RPW) design. 
Such designs are often described in terms of the fol-
lowing urn model. At the start of the trial, an urn 
contains balls of two colours, white and red, repre-
senting the two treatments, A and B, respectively. 
When a patient requires treatment, a ball is selected 
at random from the urn and subsequently replaced. 
If it is white then the patient is allocated to A, if red 
to B. When the response of a previously allocated 
patient becomes available, the content of the urn is 
updated in the following way. If the patient was 
located to treatment  t , either A or B, and responded 
positively,  β  balls of colour  t  and  γ  balls of colour  s
(the complement of  t ) are added to the urn. On the 
other hand, if the patient was located to treatment  t , 
and responded negatively  β  balls of colour  s  and  γ
balls of colour  t  are added to the urn. In time, the urn 
will contain a higher proportion of the more success-
ful treatment. 

 Despite their ethical appeal, RPW designs have 
rarely been used in medical research in general, or 
drug development in particular. This may be because 
of the negative impact of a study reported by Bartlett 
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earlier), the strength of randomisation is that it pro-
tects against biases, unconscious or conscious.  

The patient as their own control 
 There are two circumstances in which patients act 
as their own control: crossover designs and pre - test/
post - test designs. 

Crossover  designs   The essential feature of a crossover 
design is that each patient receives at least two of the 
treatments under consideration. In the simplest two -
 period two - treatment crossover, with treatments A 
and B, patients are allocated to one of the treatment 
sequence AB. As is often the case, the most succinct 
statement of advantages and disadvantages of crosso-
ver design is to be found in Hill  [28] . 

 In some instances it may be better to design the 
trial so that each patient provides his or her own 
control  –  by having various treatments in turn. This 
is known as a  ‘ crossover ’  trial. By such means we may 
sometimes make the comparison more sensitive 
because we have eliminated the variability that must 
exist between patients treated at the same stage of the 
disease in question (so far as can be judged). We have 
done so, however, at the expense of introducing as a 
factor the variability within patients from one time 
to another (i.e. we may be giving the patient treat-
ment A and treatment B at different stages of the 
disease)  [28] . 

 The primary advantage of such a design is that the 
patient being his or her own control increases the 
precision of the treatment comparisons because they 
are made within patients rather than between 
patients. This has important ethical and economic 
consequences. Ethical, in that we would want to mini-
mise the number of patients who receive the less effi -
cacious treatments; economic, because the use of 
fewer patients will reduce the costs. Such advantages 
might suggest that crossover designs should be the 
design of choice if not for three disadvantages.
1.     Crossover designs, because they last approximately 
twice as long as parallel group designs, may be more 
prone to patient withdrawal.  
2.     They are only applicable in stable chronic diseases 
where patients would be expected to return to their 
pre - treatment severity after a short period without 
treatment.  
3.     Most importantly, if the effect of treatment is 
not confi ned to the period in which it is applied  – car-
ryover  –  or if the treatment effect differs from period 
to period, estimates of treatment effects may be 
biased.    

by the physician as to the cause of adverse events, 
withdrawal of treatment, etc. All of these may be 
infl uenced by knowledge of the treatment. The 
purpose of blinding is to prevent the identifi cation of 
treatments until such time as there is no longer a 
possibility of bias. 

 There are generally three levels of blindness:
1.      Double - blind   –  in which neither the patient nor 
any clinical staff involved in the management and 
assessment of the patient are aware of the 
treatment.  
2.      Single - blind   –  in which the patient alone is unaware 
of the treatment.  
3.      Open label   –  in which both the patient and physi-
cian are open to the treatment.    
 In these trials, it is often sensible to have the assess-
ment of the patient handled by a physician who is 
blinded, even if the treating physician and the patient 
are open. 

 There is an ethical imperative, despite blinding, to 
protect the patient from harm. Therefore, it is most 
important that a system is developed to allow the 
blind to be broken in some circumstances (e.g. when 
a patient suffers a serious adverse reaction). The study 
protocol should describe those conditions under 
which the blind may be broken and the system itself 
should allow the breaking of the blind in a single 
patient, rather than the whole study.   

Control  groups 
 Often statisticians are asked to consider the use of 
control data other than those arising from contem-
poraneous randomised controls and, more often than 
not, they reply that such use is inappropriate. What 
are the alternatives that need to be considered and 
why are they not appropriate? 

Concurrent  non-randomised controls 
 A trial is conducted in which a physician decides to 
allocate some patients to a new treatment, and other 
patients he or she treats with what until now has been 
his or her fi rst choice of treatment. The physician 
monitors the changes in all the patients over time and 
at a predetermined time compares the results from 
the two groups of patients. A difference is found. In 
order to be confi dent that the observed difference is 
real, the physician needs to assume that the patients 
in the two groups are essentially identical in respect 
to all important factors that are important to the 
disease and its prognosis. Unfortunately, without ran-
domisation we cannot be sure that such an assump-
tion is valid. As we noted in  ‘ Randomisation ’  (see 
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treatments, there is an obvious desire to make the 
most use of this potentially valuable information. 
Can we compare the results of a new treatment in a 
group of patients with a group of control patients 
extracted from a historical database? For example, 
suppose we are testing a new treatment for migraine 
headache and 60% of patients improve in the fi rst 2   h 
post - treatment, compared with 30% in a group of 
historical control patients treated who had been 
treated with the current  ‘ gold standard ’ . Are we able 
to conclude that the new treatment is preferable to 
the  ‘ gold standard ’ ? 

 In order to be able to sustain this conclusion we 
need to assure ourselves that the groups are essen-
tially similar in every respect but treatment. They 
need to be similar with respect to their demographic 
profi les; similar with respect to disease severities; 
there should have been no changes to the way patients 
are treated  –  no new standard method for handling 
patients apart from a pharmacological intervention. 
To assure all of these is diffi cult because we can only 
investigate characteristics that are measured. As 
we have already remarked, randomisation protects 
against lack of balance with respect to all character-
istics, measured or not.    

Active control  groups 
 In active control trials, there is a natural tendency to 
believe that if we show no statistical difference 
between a new treatment and active control then we 
are justifi ed in concluding that the treatments are 
equivalent. To illustrate consider the data below taken 
from a report of 1904 by Pearson  [68]  on prevention 
of typhoid by inoculation. 

   Treatment     Infected     Not infected     Total  

  Inoculated (I)    7 (25.0%)    21    28  

  Not inoculated (NI)    3 (23.1%)    10    13  

 A test of the null hypothesis that the rates of infection 
are equal  –  H 0     ×     πI / πNI     =    1 gives a  p  - value of 0.894 
using a chi - squared test. There is therefore no statisti-
cal evidence of a difference between the treatments 
and one is unable to reject the null hypothesis. 
However, the contrary statement is not true that 
therefore the treatments are the same. As Altman and 
Bland  [69]  succinctly put it,  ‘ absence of evidence is 
not evidence of absence ’ . The individual estimated 
infection rates are  πI     =    0.250 and  πNI     =    0.231 that 
gives an estimated RR of 0.250/0.231    =    1.083 with an 

 This latter disadvantage led the crossover design to be 
described as  ‘ not the design of choice in clinical trials, 
where unequivocal evidence of treatment effects is 
required ’   [63] . Over the last 25 years, many statisti-
cians have been more positive about the place of the 
crossover design in clinical research  [64,65] . 

 Of course, the control in a crossover design is not 
contemporaneous because it occurs within different 
treatment periods. Nonetheless, such trials are ran-
domised and the effect of differential period effects 
can be allowed for in the analysis and does not give 
rise to bias in treatment estimates.  

Pre -test/post-test designs   In a pre - test/post - test 
design, each individual subject is measured on two 
occasions separated by the same treatment and the 
difference between the two measurements, appropri-
ately averaged across subjects, is an estimate of the 
effect of treatment. In order for this to be a valid 
measure of the treatment intervention, we need two 
assumptions. First, there is no change in the experi-
mental conditions; an example would be that in esti-
mating a treatment for hayfever the pollen count 
remains constant over the period of the experiment. 
Secondly, there is no natural progression of the 
disease over time; an example would be the treatment 
of a common cold which might be expected to 
improve within 4 or 5 days without treatment. 

 This second assumption is equivalent to an 
assumption that there is no  ‘ regression - to - the - mean ’  
 [66] . Regression - to - the - mean is a phenomenon orig-
inally reported in 1885 by Galton  [67]  who showed 
that the children of tall parents tend to be shorter 
than their parents, and, conversely, children of shorter 
parents tend to be taller than their parents. This is of 
importance in the context of clinical research because 
patients are chosen to participate in a clinical trial 
because they have in some sense extreme values. As 
an example, high blood pressure is a surrogate for 
coronary artery disease and patients entered into a 
study to reduce blood pressure will have high values, 
in expectation that it can be lowered. 

 Changes seen after treatment may not be brought 
about by the treatment alone because untreated 
patients will generally improve because of regression -
 to - the - mean. There is therefore a need to disentangle 
the treatment effect from regression - to - the - mean. 
In order to this we need concurrent randomised 
controls.  

Historical controls   Because many clinical trials are 
conducted in the same diseases, with the same control 
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no longer prepared to accept the equivalence of the 
treatments. This is the equivalence boundary. If we 
want then to have a high degree of confi dence that 
two treatments are equivalent it is logical to require 
that an appropriately chosen confi dence interval (say 
95%) for the treatment differences should have its 
extremes within the boundaries of equivalence. 

 In Figure  9.9  we illustrate various cases that can 
arise from studies intended to show equivalence and 
the relationship between signifi cance in the tradi-
tional sense and clinical signifi cance as determined by 
the confi dence interval and the boundaries of equiva-
lence. In case A, the 95% confi dence interval includes 
both the null hypothesis of no difference and is 
within the boundaries of equivalence and from both 
a statistical and clinical perspective there is no evi-
dence of a difference between the treatments. In case 
B, in contrast, the confi dence interval is still within 
the boundaries, but does include the null hypothesis, 
so from a statistical perspective there is a difference 
between the treatments but it is not clinically rele-
vant. Case C shows both statistical and clinical sig-
nifi cance, as the confi dence interval lies outside the 
equivalence boundaries and therefore cannot include 
the null hypothesis. In the fi nal case, D, the confi -
dence interval includes the null hypothesis but its 
extremities lie outside the boundaries of equivalence, 
so that statistically there is no difference but clinically 
the result is equivocal.   

 If in Figure  9.9  a positive difference between 
treatments were indicative of a benefi t for the test 
treatment then case C would indicate signifi cant 
superiority of the new treatment. In such circum-
stances, we would not wish to conclude that only the 

associated 95% confi dence interval of 0.332 – 3.532. In 
other words, inoculation can potentially reduce the 
infection by a factor of three or increase it by a factor 
of three, with the implication that we are not justifi ed 
in claiming that the treatments are equivalent. 

 Consider a second example. A surgeon devises a 
new method of carrying out a surgical procedure and 
pilots the technique in 10 patients of whom none 
develop a postoperative infection. Can the surgeon 
claim therefore that the new technique is safe? The 
answer again is no because in this case the upper end 
of the 95% confi dence for the true infection rate is 
0 – 26% so that infection rate could be as high as one 
in four. (Hanley and Lippman - Hand  [70]  developed 
a simple approximation for the 95% confi dence for 
cases in which the observed data are of the form 0 out 
of  n . They show that approximately the interval is 
0 – 3/ n  %. This is known as the rule of three.) In order 
that we can claim equivalence of treatments, specially 
designed studies need to be conducted. 

Equivalence and non-inferiority studies
 What was missing in the previous section was a defi -
nition of what is meant by equivalence. Because it is 
unlikely that two treatments will have exactly the 
same effect, we will need to consider how big a dif-
ference between the treatments would  ‘ force ’  us to 
choose one in preference to the other. In the typhoid 
example there was a difference in rates of 1.9% and 
we may well believe that such a small difference 
would justify us in claiming that the treatment effects 
were the same. But had the difference been 5% would 
we still have thought them to be the same? Or 10? 
There will be a difference, say 8%, for which we are 

Figure 9.9     Relationship between statistical and clinical signifi cance in clinical equivalence studies.  
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et al.  [73]  which compared the effect of two types 
of splenorenal shunts in the treatment of cirrhotic 
patients. The primary measurement was the max-
imum rate of urea synthesis (MRUS) measured both 
pre -  and post - treatment. The basic question here is: 
how do we interpret treatment effects in the light of 
potential differences in baseline severity? One simple 
approach is to take the difference between pre -  and 
post - treatment measurements and to analyse these. 
Statistically, it is more appropriate to use ANCOVA, 
a technique that provides a mathematical adjustment 
of the treatment to allow for baseline imbalance in 
severity.   

 Figure  9.10  illustrates how ANCOVA works for the 
MRUS data. In this fi gure, we have plotted the post -
 treatment MRUS values against the pre - treatment 
values with the treatment groups being separately 
identifi ed. A linear regression line is determined for 
each treatment group, assuming that there is a 
common slope. Then, for any value of the pre -
 treatment the vertical separation of these two lines 
is an estimate of the treatment differences in post -
 treatment values adjusted for a common baseline 
value. For these data the pre - treatment adjusted esti-
mate of the treatment difference is  − 12.8 with an 
associated 95% confi dence interval ( − 21.1 to  − 4.5). 
Had the treatments been compared without this 
adjustment, the treatment difference would have 
been estimated as  − 15.7 with associated confi dence 
interval ( − 28.0 to  − 3.3). This latter interval is almost 

treatments were not equivalent. In such circum-
stances, we can use a single boundary and such 
studies are called non - inferiority studies in which the 
objective is to show that the new treatment is no more 
than a small amount worse than the standard. The 
conduct of the inference remains similar; if the con-
fi dence interval is to the right of the non - inferiority 
boundary, we can conclude that the new treatment is 
non - inferior to the standard. 

 There are a number of issues in using such studies 
to achieve marketing authorisation. First, there needs 
to be a justifi cation of the boundaries. How can we 
be sure that the choice of S is appropriate? Secondly, 
has an appropriate choice comparator been made? Is 
the dose of the comparator appropriate? Is the popu-
lation of patients appropriate? Thirdly, while for 
superiority trials it is generally accepted that the 
appropriate analysis population is an ITT population, 
it has been argued that for equivalence and non -
 inferiority studies that the as per protocol population 
also has a role. Finally, we need to be sure that an 
equivalence or non - inferiority study is capable of 
showing a difference between treatments, should one 
exist. This is termed assay sensitivity. The diffi culty 
here is that in superiority trials the achievement of 
statistical signifi cance is by defi nition proof of capa-
bility while in equivalence or non - inferiority studies 
there is no equivalence proof of capability from 
within the study itself. Many of these issues are dis-
cussed in ICH E10  [71]  and Jones et al.  [72] .   

Choice of analysis
 The appropriate choice of analysis depends on many 
of the issues that we have already considered. For 
example:
1.     The study objective  –  is it to show that the treat-
ments are different or that they are different by no 
more than a small amount (see  ‘ Equivalence and non -
 inferiority studies ’ )?  
2.     The scale of measurement  –  quantitative com-
pared with qualitative (see  ‘ Scales of measurement 
and clinical endpoints ’ ).  
3.     The endpoint itself (see  ‘ Defi ning the endpoint for 
binary data ’ ).    

 In studies in which there are important prognostic 
factors, accounting for them as part of the analysis 
can be important in increasing the precision with 
which treatment effects can be estimated. Such analy-
ses generally involve the use of an ANCOVA type of 
approach. 

 To illustrate ANCOVA we consider the data in 
Table  9.7  taken from a study reported by Rikkers 

Table 9.7    Pre - treatment and post - operation maximum 

rate of urea synthesis ( MRUS ) values in a randomised trial 

of spleno - renal shunts 

   Control operation     New operation  

   Pre - 
treatment  

   Post -
 treatment  

   Pre -
 treatment  

   Post -
 treatment  

  34    16    51    48  

  40    36    35    55  

  34    16    66    60  

  36    18    40    35  

  38    32    39    36  

  32    14    46    43  

  44    20    52    46  

  50    43    42    54  

  60    45          

  63    67          

  50    36          

  42    34          

  43    32          
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(see  ‘ Meta - analysis and summaries ’ ) or phase I/II 
studies.    

 In most cases we will be interested in determining 
the sample size for a given type II error, which is typi-
cally fi xed at values of 0.1 or 0.2. Many sample size 
determinations take the form:

   n f=
2 2

2

σ
α β

CRD
( , ),   

 where  n  is the number of patients in each group,  σ  is 
the population variability, CRD is as above,  α  is the 
type I error,  β  is the type II error and  f ( α ,  β ) is a 
function that depends upon the cumulative normal 
distribution function and takes the form:

            β   

   0.05     0.1     0.2     0.5  

    α       0.1     10.8    8.6    6.2    2.7  

   0.05     13.0    10.5    7.9    3.8  

   0.02     15.8    13.0    10.0    5.4  

   0.01     17.8    14.9    11.7    6.6  

 What is clear form this formula and the tabulated 
values of  f ( α ,  β ) are that:
   1.     Sample size will increase if the type I and II errors, 
 α  and  β , are stricter in the sense that they are smaller.  
  2.     If  σ  is large, sample size will be large; this is related 
to the relationship between sample size and a reduced 
standard error (see  ‘ Measures of variability ’ ).  
  3.     If the clinically relevant difference is large, the 
sample size will be small.    

50% larger than the adjusted interval, indicating that 
ANCOVA has resulted in a more precise treatment 
estimate.    

  Sample  s ize and  p ower  c alculations 
 In  ‘ Hypothesis tests, tests of signifi cance and  p  - values ’  
we encountered the concept of the type I error which 
was defi ned as rejecting the null hypothesis when it 
is true. When considering how to sample size a study 
we need to consider a second type of error  –  the type 
II error. The relationship between this second error 
and the null hypothesis is illustrated below. 

             H 0  True     H 0  False  

  Decision    Accept H 0      ✓     Type II error  

      Reject H 0     Type II error     ✓   

 We see that in contrast to the type I error, the type II 
error is defi ned as occurring when accepting the null 
hypothesis if it is false. The power of a test is defi ned 
to be the probability of detecting a true difference and 
is equal to 1  –  probability (type II error). The type II 
error and power depend upon the type I error, the 
sample size, the clinically relevant difference (CRD) 
that we are interested in detecting and the expected 
variability. Where do these values come from? 
  1.     Type I error  –  this is preset and usually takes the 
value of either 0.05 or 0.01.  
  2.     The CRD, as its name implies, needs to be relevant; 
an example might be a drop in 15   mmHg in diastolic 
blood pressure.  
  3.     An estimate of the population variability may be 
obtained from a pilot study, a literature meta - analysis 

     Figure 9.10     Illustration of analysis of co - variance using data from Rikkers et al.  [73] .  



214 Chapter 9 

exclusion criteria or lengthen the recruitment period. 
Unfortunately, while each of these may indeed 
increase the supply of patients, they may also lead to 
increased variability that in turn will require more 
patients. A second issue is the size of the CRD which, 
if it is too small, will require a large number of 
patients. In such circumstances we may need to con-
sider the use of surrogate endpoints (see  ‘ Biomarkers 
and surrogate endpoints ’ ). Finally, the standard devi-
ation may be large and this can have a considerable 
impact on the sample size  –  for example, a doubling 
of the standard deviation leads to a four times 
increase in the sample size. The issues concerning 
components of variability in  ‘ Confi dence intervals ’  
are relevant here. It is generally the case that when 
more complex statistical analysis strategies and 
designs are under consideration, standard sample size 
calculations are inadequate to cover them. In such 
circumstances simulation is often used to determine 
the type I and II errors of the proposed studies for a 
given sample size.   

  Meta -  a nalysis and  s ummaries 

 Meta - analysis is the practice of using statistical 
methods to combine and quantify the outcomes of a 
series of studies in a single pooled analysis. The ideas 
of meta - analysis are not new. One of the fi rst recog-
nisable meta - analyses is by Pearson  [68]  in a paper in 
1904 in which he provided an overview of the results 
of inoculating British soldiers against typhoid. In the 
1930s the idea of combining results from independ-
ent experiments arose both in physics  [75]  and in 
agricultural research  [76,77] . In contrast, the term 
itself did not appear until 1976 when Glass fi rst 
coined it  [78] . In all of these contexts a meta - analysis 
or, as it is sometimes also termed, an overview, can be 
seen to be a retrospective analysis of studies that have 
already been conducted. 

 In simple terms, meta - analysis is the practice of 
using statistical methods to combine and quantify the 
outcomes of a series of studies in a single pooled 
analysis. What is crucial in this defi nition is the 
emphasis on the use of statistical methods. In most 
biomedical research, the scientifi c review has a 
lengthy history and is still widely used. However, in 
so far that it does not utilise statistical methods for 
pooling results, and tends to summarise more in 
qualitative rather than quantitative terms, it cannot 
be regarded as meta - analysis. 

 To illustrate the use of the formula suppose we are 
designing a trial to compare treatments for the reduc-
tion of blood pressure. We determine that a clinically 
relevant difference is 5   mmHg and that the between -
 patient standard deviation  α  is 10   mmHg. A type I 
error is set at 0.05 and the type II error at 0.20. Then 
the required sample size, per group, is:

   n =
×

× =
2 10

5
7 9 63 2 64

2

2
. . ~ .   

 There are a number of ways to sample size a trial. The 
scientifi c approach is:
    •      to specify what we are interested in detecting  –  the 
CRD;  
   •      determine the likely variability  –   σ ;  
   •      decide what probabilities of type I and II error we 
can tolerate;  
   •      determine the sample size;    
 and this is the approach illustrated above. The 
resource planning approach is:
    •      to specify the likely budget and thence the sample 
size;  
   •      determine the likely variability  –   σ ;  
   •      decide what probabilities of type I and II error we 
can tolerate; and  
   •      determine the minimum difference that is 
detectable.    

 The argument against this approach is that this 
minimum difference may be clinically unrealistic 
and hence the true power will be much less than 
specifi ed and this can be regarded as unethical, 
because patients are being exposed to a new therapy 
when there is little likelihood of a successful outcome. 
There is evidence that many studies are underpow-
ered at the planning stage. Freiman et al.  [74]  inves-
tigated 71  ‘ negative ’  taken principally from the  New 
England Journal of Medicine ,  The Lancet  and the 
 Journal of the American Medical Association . They 
restricted their attention to studies with a binary 
outcome and for which there was a clear statement of 
lack of statistical signifi cance. For 67/71 (94%) of the 
studies, they determined that there was  > 10% type II 
error of missing a 25% therapeutic improvement; in 
50/71 (70%) there was  > 10% type II error of missing 
a 50% therapeutic improvement. 

 There are of course practical considerations in 
clinical research. We may fi nd patient recruitment 
diffi cult in single - centre studies and this is one of the 
major drivers to multicentre and multinational trials. 
Alternatively, we may need to relax the inclusion/
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see in the study, but also some idea of the likely vari-
ability. Meta - analyses can be an invaluable source 
of such data. Thirdly, they can be used to judge 
the consistency of results across different settings. 
Fourthly, they can be used to appropriately present 
result from a series of studies. Finally, they can help 
in increasing the precision of treatment estimates; 
this can be important in its own right or again in the 
context of study planning.  

Confi rmatory  use of meta-analysis
 It might be hoped that a meta - analysis of small 
studies could in some way replace the registration 
requirement of two individual positive pivotal phase 
III studies supporting a drug ’ s registration. It seems 
that this is unlikely to be satisfactory in the classic 
sense of a meta - analysis in which data are extracted 
from the literature. However, it is possible to envisage 
circumstances in which a planned meta - analysis 
as part of drug development programme could be 
acceptable. For example, suppose that the treatment 
of recurrence of a condition within a fi xed time 
period is a secondary endpoint in a drug develop-
ment programme and that recurrence occurs in, say, 
only a small proportion of patients. Studies sized for 
the primary endpoint would be too small for the 
secondary endpoint but a planned meta - analysis over 
a number of similar studies would be feasible. A 
second use might be in terms of supporting a claim 
based upon one or two studies.  

Weaknesses of  meta-analysis
 There are two major types of weakness associated 
with meta - analysis: bias and heterogeneity. When 
planning a clinical trial every effort is made to mini-
mise the impact of bias on the results. For example, 
clinicians and patients are kept unaware of the treat-
ment being used for each individual patient, double -
 blind studies, and patients are randomly allocated to 
a treatment. However, in meta - analysis there is the 
potential for the reintroduction of bias as an issue. 
For example, there is a tendency that only positive 
studies are published and that negative studies remain 
unpublished. This so - called publication bias can lead 
to an over - estimation of the true effect of a drug if it 
remains unknown. There are graphical techniques 
(e.g. the  ‘ funnel plot ’ ) that endeavour to identify 
when publication bias is occurring  [79] . A similar 
problem is selection bias which can occur if not all 
published trials are used in the meta - analysis. Both of 
these biases should be addressed in the planning 

 Many of the published meta - analyses in clinical 
research have been as a result of the extraction of 
summary data from published sources (e.g. death 
rates in the treatment of patients after a myocardial 
infarction). For such studies, much of the research 
interest has centred on issues surrounding the appro-
priateness of the statistical techniques and on the 
methods that should be used to reduce the almost 
inevitable bias associated with meta - analyses. In the 
case of the former, the issues relate to the use of fi xed 
effect or random effect models and whether the treat-
ment effect may be assumed to be homogenous 
across studies. For the latter, one needs to consider 
problems associated with publication bias, selection 
bias, size bias and the premature termination of 
studies because of a positive result in an interim 
analysis. 

 More recently, there has been evidence that the 
results from meta - analyses are not always confi rmed 
by very large randomised studies and it has been 
argued that meta - analyses based on individual patient 
data provide a much more reliable method of com-
bining data from similar studies. In particular, basing 
meta - analysis on individual data is the best method 
for looking at subgroups of patients and for incorpo-
rating prognostics variables and other important co -
 variates. In the context of drug development, such 
individual data are almost always available and this 
leads to the possibility of a planned series of trials that 
can be subjected to a meta - analysis of the raw data. 

Uses of meta-analysis and their strengths 
and weaknesses
 It is useful to make a distinction between the explora-
tory and confi rmatory uses of meta - analyses. 

Exploratory  use of meta-analysis
 There are a number of uses to which meta - analyses 
can be put in an exploratory mode. First, they can be 
used to generate hypotheses. Because of their nature 
when data are extracted from the literature across 
diverse study protocols meta - analyses can be ex -
tremely useful in generating hypotheses, particularly 
concerning subgroups of patients. In this sense their 
use mirrors one potential objective of a population 
pharmacokinetic study that may be to determine 
interesting co - variates, which infl uence drug absorp-
tion and elimination. Secondly, they can generate 
data that can subsequently be used to help plan new 
studies. When designing new studies we need to have 
some idea, not only of the level of effect that we may 
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group. The pooled estimate of the OR clearly shows 
a benefi t in favour of bypass surgery.      
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10  Development of  m edicines: 
 f ull  d evelopment  

Peter D. Stonier
  School of Biomedical Sciences, King ’ s College London, London, UK       

Introduction 

 Full drug development involves management of the 
whole project from early proof of concept to post -
 launch activities. The very large fi nancial and human 
resource costs associated with scale - up of a develop-
ment project from early phase work through to phase 
III and launch in major markets require that the 
risks associated with the investment are managed 
appropriately. 

 Nevertheless, rapid progress through phase III 
development will allow a longer effective patent life, 
which will increase the commercial return on a new 
medicine, and in recent years this factor alone has 
been a major driver for large pharmaceutical compa-
nies to project manage their product portfolios more 
effi ciently. 

 The changing nature of the pharmaceutical indus-
try, with increasing numbers of small companies 
whose survival depends on rapid registration and 
successful marketing of one drug candidate means 
that additional risks such as intellectual property 
rights, shareholder return, contractual and legal rela-
tionships are part of the risk associated with the 
investment. Management of business risk, which is 
outside the scope of this chapter, has been identifi ed 
as a signifi cant problem for small companies  [1] . 

Background 
 Total drug development costs are huge and continue 
to increase over time. In 2003, development costs of 
68 randomly selected new drugs were US$403 million 

each (year 2000 dollars)  [2] . Capitalising out - of -
 pocket costs to the point of marketing approval at a 
real discount rate of 11% yields a total pre - approval 
cost estimate of US$802 million for each new medi-
cine (year 2000 dollars) and the costs have increased 
at an annual rate of 7.4% above general price infl a-
tion  [2] . The majority of drug development costs are 
in phase III development: these include not only the 
clinical trial programme itself, but also signifi cant 
associated regulatory and manufacturing scale - up 
costs. 

 Until now only the energy, drive and resources of 
a pharmaceutical company have been consistently 
successful in creating and developing new medicines. 
Although making vital and creative contributions to 
it academia alone has never achieved this complex 
goal, and neither have government institutes nor 
agencies. 

 It is the number of full development programmes 
of new medicines that provides a key metric for the 
success and progress of the industry in the introduc-
tion of new medicines. The number of full develop-
ment programmes of new medicines is an output that 
depends on a complex interplay of economics, busi-
ness strategy and industry organisation as well as the 
medical and scientifi c drive to fi ll unmet medical 
needs with innovative products of proven effi cacy, 
safety and quality. This complex and high - risk 
dynamic process pits the ever - changing competitive 
pharmaceutical industry with national and interna-
tional economic, business and organisational fl uctua-
tions and the changing but high expectations of both 
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 Clearly, there is a limit to how much the research 
costs can increase and companies are beginning to 
think in new ways about how to manage their R & D. 
There is an increase in the number of alliances and 
partnerships with academic groups, small biotech-
nology companies and health care providers who, it 
is hoped, will provide the entrepreneurial drug devel-
opment skills that large pharmaceutical companies 
are currently unable to generate internally. Networks, 
modelled on successes such as cancer  [5] , and involve-
ment of patient groups will continue to increase in 
importance. 

 The biologics  ‘ explosion ’  of the biotechnology era 
also fi nally arrived. While the total number of com-
panies working on pharmaceutical R & D continues to 
rise, a large proportion of this rise is in those compa-
nies working on only one or two compounds, which 
is a useful proxy for biotechnology - driven or emerg-
ing pharmaceutical companies  [4] . The number of 
companies with one or two products in development 
has increased each year from 212 (21% of the total) 
in 1998 to 373 in 2001, 656 in 2004, 836 in 2009 and 
991 (45% of the total) in 2010. 

 Moreover, the top 25 pharmaceutical companies 
have a signifi cant proportion of R & D drugs in devel-
opment that are licensed in, typically from smaller 
pharmaceutical companies or research laborato -
ries  [3] . 

 Ranked by total numbers of drugs in R & D in 2010, 
the top fi ve companies were Pfi zer (with Wyeth) (304 
drugs in development), GlaxoSmithKline (289 drugs 
in development), Merck  &  Co (with Schering -
 Plough) (249 drugs in development), AstraZeneca 
(177) and Roche (172). Of the 304 R & D drugs that 
Pfi zer had in development, 224 (74%) were their own 
drugs; GSK had 172 (60%); Merck  &  Co 148 (59%); 
AstraZeneca 123 (69%); Roche 111(65%).  [4]  

 Although the pharmaceutical industry has contin-
ued to consolidate in recent years, it would appear 
that R & D pipelines have survived relatively unscathed 
by the world ’ s fi nancial crises and by the industry 
reorganisation. Drug pipeline expansion might have 
slowed, innovative drug launches have been scarce 
and the number of late - stage R & D drugs still looks 
sparse, nevertheless there are more drugs in total, 
more drugs in clinical trials and more drug develop-
ment companies than ever before. 

 This changing picture of full drug development 
means that the largest pharmaceutical companies are 
now having to be adept at intellectual property pro-
tection, legal and contractual development and 
co - marketing agreements, as well as accelerated drug 

mature and developing health care systems and their 
medical needs. 

 The long - forecasted consolidation in the pharma-
ceutical industry happened in the 1990s, and paused, 
however briefl y, in the mid - 2000s. The impact of this 
consolidation was demonstrated by an increase in 
product failures and increased trial cancellations in 
1999 and 2000  [3] . However, during 2001, phase III 
activity, a measure of full development of medicines, 
increased again, to 385 projects, albeit a small 1.8% 
increase on 2000, and this activity has continued to 
increase since to 423 phase III projects in 2006 and 
566 projects in 2010  [4] . 

 Pharmaprojects in mid - 2006 was reporting on 
1633 companies researching 7406 drugs currently 
in active research and development (R & D) in 218 
therapy areas  [3] . In 2010 there were 2207 companies 
researching 9737 drugs  [4] . The number of compa-
nies in R & D continues to rise with the 2207 in 2010 
being more than double the 998 fi gure recorded in 
1998  [3] .The number of drugs in active R & D also 
continues to rise from 7406 in 2006, 9217 in 2008 and 
9737 in 2010. 

 Nevertheless, despite these rises in R & D compa-
nies, pipeline drugs in development and full develop-
ment programmes, the pharmaceutical industry is 
concentrated amongst the major companies, with the 
top 10 companies originating over 12% of all drugs 
in development with eight of the 10 companies 
showing a pipeline expansion in 2010 over 2009  [4] . 

 In 2010, over 26% of all drugs in development were 
in the anticancer fi eld, although this might have pla-
teaued, being down from 28% in 2009  [4] .  

Senior management perspective 
 Taking into account all marketing and development 
failures, cost calculations demonstrated that compa-
nies must develop more products with annual sales 
over US$1 billion if they were to maintain historical 
rates of returns to shareholders, or they must signifi -
cantly cut development costs. Thus, the focus of man-
agement is increasingly on the high costs of phase III 
programmes, and there is a need to reduce risks and 
costs in phase III by:
    •      aggressive portfolio management in early phases of 
development;  
   •      life - cycle management, including risk manage-
ment; or  
   •      continued spend on local trials after submission 
to fi ll gaps in the development programme such as 
paediatric or geriatric subjects in phase IIIb and 
phase IV.    
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rising and competition for patients is helping to 
increase fees in these geographical areas and also 
in some areas of central and eastern Europe. How -
ever, even signifi cant investigator fees may not be 
suffi cient to encourage recruitment if there is little 
investigator excitement about the product. Investiga-
tors are keen to work on innovative products and 
may well seek increased fees to support other aca-
demic work if the product is not particularly exciting 
for them. 

 The likely effectiveness of the product, derived 
from the preclinical and early clinical work, will 
determine study design, complexity and size. It is a 
mistake to try to answer too many questions in a 
single study, despite the apparent commercial attrac-
tiveness of such a strategy. A study over - burdened by 
many secondary objectives is more likely to fail when 
the design is implemented in many centres world-
wide. What seems a good idea at head offi ce can often 
be hard to implement in the clinic. Statistical advice 
is vital, and statisticians offer excellent opinions 
about the utility of complex study designs. 

 The expected adverse event profi le will also deter-
mine the study design. A drug for which the prescrip-
tion is to be initiated in a tertiary referral clinic by 
leading experts in the fi eld, such as many oncological 
compounds, will have a different safety profi le than a 
product that will be widely used across many differ-
ent specialties in primary and secondary care. Char-
acterisation of the risk – benefi t profi le is an important 
consideration in study design. 

 Consideration needs to be given to suitable clinical 
endpoints. It can be tempting, because of cost and 
speed of development, to use surrogate endpoints in 
a pivotal study. A surrogate endpoint is defi ned as an 
endpoint that is intended to relate to a clinically 
important outcome but does not, in itself, measure 
clinical benefi t. A surrogate endpoint should be used 
as a primary endpoint when appropriate; for example, 
when the surrogate endpoint is reasonably likely 
to, or is well known to, predict clinical outcome. 
However, great care needs to be taken in basing a 
pivotal and full development programme on the use 
of surrogate endpoints. Typically, these endpoints are 
used in early development and discussion with the 
regulatory authorities is advised before using such 
endpoints in a full development programme. The use 
of surrogate markers is discussed in the  ICH Guide-
line E8: General Considerations for Clinical Trials . The 
Guideline makes the point that these markers are 
most often useful in exploratory therapeutic trials in 
well - defi ned narrow patient groups.  

development. The single - product companies must 
also be skilled at managing their cash fl ow, relation-
ships with their shareholders and the marketplace in 
which they need to thrive. 

 Recovery of costs by successful marketing of prod-
ucts is essential in order to maximise shareholder 
return. As R & D costs continue to increase by 8 – 11% 
per annum, and sales turnover increases by 5 – 7% per 
annum, R & D takes up an increasing proportion of 
the pharmaceutical budget and, for the largest phar-
maceutical companies, is about 17% of turnover. 

 The International Conference on Harmonisation 
(ICH)  [6] , the EU Clinical Trials Directive (2001/20/
EC)  [7]  and the Good Clinical Practice Directive 
(2005/28/EC)  [8]  provide a more unifi ed standard for 
clinical trials and also facilitate mutual acceptance by 
the regulatory authorities in Europe, Japan and the 
USA. Development of the guidelines and, in the 
European Union, the Directives, has allowed com-
panies to streamline their drug development pro-
grammes by mandating a more uniform approach 
through the European Union. Consequently, the 
approach is probably better driven from head offi ce 
rather than at a country or company subsidiary level, 
especially as regulatory convergence develops within 
Europe.   

Taking  products  into later
development phase

Clinical perspective 
 The clinical development of new medicines is an area 
where companies can plan and control much of their 
activity. As drug development projects are frequently 
terminated at phase II, companies have to be careful 
that the phase II studies are well designed to avoid the 
likelihood of a type II error. This means that the 
studies do not miss a signifi cant clinical difference or 
advantage for the product. Clarity of thought and 
detailed design considerations for phase II studies are 
increasingly important in drug development. The use 
of external advisory boards can be especially helpful, 
and it can be useful to include drug development and 
regulatory specialists on advisory boards together 
with the more traditional academic staff members. 

 If the area of endeavour is crowded there will be 
signifi cant competition for patient recruitment to 
clinical trials. Currently, these therapy areas include 
diabetes, oncology and cardiovascular medicine, and 
it may become necessary to seek patients outside 
Western Europe and the USA. Investigator fees are 
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with the Good Clinical Practice (GCP) Directive  [8] , 
for example, a criminal offence. 

 The EU Clinical Trials Directive (2001/20/EC)  [7]  
and associated guidelines and Directives, such as the 
Good Clinical Practice Directive (2005/28/EC)  [8] , 
should allow regulatory convergence over time in 
Europe. The guidelines provide benefi ts for clinical 
trial subjects: they are protected during studies, and 
they can be confi dent that the studies are based on 
good science. The Trials Directive is associated with 
a large number of Guidance and other Directives. 
These include the following:
    •      Guidance: Competent Authority Submission, 
Ethics Submission, EU Clinical Trials Database, EU 
Suspected Unexpected Serious Adverse Reactions 
(SUSARs) database, Adverse Reaction Reporting, 
Revised Annex 13, Qualifi cation of Inspectors for 
GMP Inspection; and  
   •      two Directives: 2003/94/EC (The  ‘ GMP Directive ’ ) 
and 2005/28/EC (The  ‘ GCP Directive ’ ).    
 All the key principles applying to the new system are 
mentioned in 2001/20/EC. These include: Legal Rep-
resentation, Compliance with GCP, Obligations to 
Regulatory Authorities, Obligations to Ethics Com-
mittees, Compliance with CMP, EU Database of 
Clinical Trials, Pharmacovigilance, and GMP and 
GCP Inspections. 

 As always, increased regulation has resulted in 
increased costs, offset slightly by an increase in stand-
ardisation of procedures across regions of the world. 
There are new databases to master, including the 
European Clinical Trials Database (EudraCT), and a 
new pharmacovigilance database for SUSARs; 
responsibility for both of these lies with the EMA. In 
time, these new relationships with competent author-
ities, ethics committees, EudraCT and SUSAR data-
bases and the need for legal representation will 
become easier and more routine. The value of regula-
tory convergence will then become more apparent.  

Commercial  perspective 
 Apart from the traditional costs associated with com-
mercial development, the costs of selling and market-
ing the product will require evaluation. Decisions 
have to be made about whether the product will be 
sold by the company ’ s own sales force or licensed to 
partners in some markets. 

 The company franchise in a particular area of 
therapeutic endeavour may be enhanced or compro-
mised by active patient groups. There is increasing 
pressure to place more development and clinical trial 
information in the public domain. For example, in 

Regulatory perspective 
 The regulatory authorities are increasingly welcom-
ing informal as well as formal discussions about drug 
development programmes. There are differences in 
approach between the European Medicines Agency 
(EMA) and the US Food and Drug Administration 
(FDA) and it is wise to take regulatory advice before 
contacting the agencies. The FDA tends to require a 
formalistic approach to the development programme. 
This can have strengths in that the programme direc-
tion is clear, but it can be rather limiting in terms of 
defi ning a mandatory series of trials and a particular 
development strategy. Nevertheless, it can be particu-
larly useful if the development programme is likely to 
be in a new area of medicine or unusual in any way. 

 The National Institute for Health and Clinical 
Excellence (NICE) was set up in 1999 as a Special 
Health Authority for England and Wales. Its role is to 
provide patients, health professionals and the public 
with authoritative, robust and reliable guidance/
guidelines on current  ‘ best practice ’ . The guidance 
covers individual health technologies following 
appraisal, and guidelines are developed relating to the 
clinical management of specifi c conditions. In prac-
tice, the pharmaceutical industry has tended to see 
NICE as an additional  ‘ fourth ’  hurdle after the Medi-
cines and Healthcare products Regulatory Agency 
(MHRA) or EMA has approved the quality, safety and 
effi cacy of a new product. Consideration has to be 
given in any development programme to applications 
to NICE and other bodies throughout the world, and 
companies may need to consider special and addi-
tional studies to meet any objections these bodies 
may have in allowing a product to be satisfactorily 
commercialised. 

 The Common Technical Document (ICH M4)  [9]  
is the agreed common format for the preparation 
of a well - structured application to the regulatory 
authorities and has had an impact on all organisa-
tions as database integration and electronic submis-
sions became more common. 

 The ICH has had an important role in establishing 
guidelines for drug development. Although these are 
only guidelines and not legal documents, companies 
would have to justify deviations from the guidelines 
in any application for approval. The World Health 
Organization has stated that it expects the ICH guide-
lines to be adopted in non - ICH countries eventually. 
Based on ICH, the European Union has developed a 
system (Directive 2001/20/EC) of clinical trial regula-
tion, transposed into national law in each Member 
State. This has the effect of making failure to comply 
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into later phase development. An increasing number 
of programmes are stopped at phase II because it is 
not economical for the company to develop these 
products. DiMasi  [11]  in 2001 estimated that, com-
pared with the 1981 – 1986 period, in which 29.8% 
of products were terminated for economic reasons, 
between 1987 and 1992 the number of termina -
tions was 33.8% and that this upward trend has 
continued. 

 Likely shifts in demographic factors and prescrib-
ing mean that drugs for the elderly, such as therapies 
for Alzheimer ’ s disease or osteoporosis, are increas-
ingly attractive as targets for drug development. 
Oncological drugs and drugs for chronic diseases also 
continue to be important for companies ’  fi nancial 
health. 

 The political environment is also important. All 
governments want to constrain health care costs, and 
an easy target is prescription drug costs. This is not 
necessarily the most sensible target, as improving 
health service management may have as important an 
effect on the national purse. Nonetheless, there is 
a continuing downwards pressure on health care 
prescribing.  

Exit strategy 
 Most pharmaceutical companies cannot market 
products by themselves in all countries of the world. 
This may be because there is no subsidiary in the 
relevant country, or because the sales forces ’  other 
commitments mean that this drug cannot be ade-
quately marketed in one particular market. For 
whatever reason, all development programmes 
must consider an exit strategy for the product in 
each market. Are there to be co - licensing, co -
 marketing or other agreements? Is the drug to be 
licensed out in other markets? Such discussion 
involves important considerations for any full drug 
development programme.   

Preparing the  plan

Structure of the  plan
 The candidate drug has passed the early development 
hurdles. In particular, the early preclinical toxicology 
and commercial environments are suitable. Care 
must be taken regarding any intellectual property 
concerns, and that preliminary drug supply and man-
ufacturing forecasts look favourable. Early evaluation 
and planning will take about 12 months to execute, 
being a complex process with many interactions and 

the UK, the pharmaceutical industry trade associa-
tion, the Association of the British Pharmaceutical 
Industry (ABPI), has agreed to develop a register of 
phase III trials conducted in the UK, 3 months after 
drug approval in a major market  –  which might not 
be the UK. Patients will therefore be in a position to 
seek entry into trials and may demand this from their 
physicians. 

 The development of AZT (Retrovir, zidovudine) by 
Wellcome (now GlaxoSmithKline) is an interesting 
example of patient power. Patient groups obtained 
copies of early phase drug development protocols and 
some subjects demanded to be placed into these clini-
cal trials for HIV/AIDS. The scrutiny of the protocols 
by patient groups resulted in improvements in clini-
cal trial designs and the political pressure exerted by 
these groups ensured that the drug regulatory process 
became more politicised. This resulted in more rapid 
approval of drugs by some regulatory authorities and 
also pushed forward discussions about surrogate 
markers. It is probable that AZT did not fully meet 
the established principles of safety and effi cacy when 
it was approved, and further development, including 
adjustment of dosage, was required after approval. 
Whether this approach was benefi cial to the entire 
community of AIDS patients remains debatable. 

 Other patient groups, in areas as diverse as oste-
oporosis, dementia and oncology, have learnt from 
the AIDS patient groups the power of politics in 
medicine, and these groups will have an increasing 
impact on drug development. Some of this impact 
will be positive but some is likely to be negative and 
may encourage a hasty assessment of drug effi cacy 
and safety by the authorities. Indeed, there is evidence 
of increased product withdrawal by the FDA. Eleven 
products were withdrawn between 1997 and mid -
 2001, compared with eight product withdrawals in 
the previous 10 years. Whether this is a result of more 
rapid early development, a more rapid assessment 
process or simply a result of bad luck is open to con-
jecture. However, it is clear that a product withdrawal 
in either late - phase development or early post -
 marketing can have a devastating effect on a com-
pany ’ s share price as a result of the expected decrease 
in revenue and the potential for poor public relations. 
Within a day of announcing the withdrawal of 
rofecoxib (Vioxx), more than  £ 14 billion was wiped 
from Merck ’ s stock market value, equivalent to one -
 quarter of its worth, and the share price plunged to 
an 8 - year low  [10] . 

 The market potential of a drug or device is clearly 
critical in determining the desirability of proceeding 
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company. Furthermore, such a review allows integra-
tion of a registration package that will be acceptable 
to most major markets into a single dossier. This 
avoids fragmentation of the clinical development 
programme. Duplication of activities is minimised 
and the major pivotal phase III studies and analysis 
are performed only once and integrated. Knowledge 
of the compound and likely questions from the regu-
latory authorities from the major markets can be 
centralised. This saves time and resources. 

 Smaller companies and venture capital funded 
organisations are likely to be focused on a single com-
pound, its analogues, metabolites and differing for-
mulations. Without the luxury of a 10 - year strategic 
development plan, such organisations are naturally 
tightly focused on the success of their product. Within 
these companies, pressure to bring the fi ling date 
forward can be intense and if the date is missed this 
can have serious consequences for the market capi-
talisation of the company.  

Therapeutic  targets 
 Clinical success rates and attrition rates by phase of 
clinical trial for new drugs are important indicators 
of how effectively companies are utilising drug devel-
opment resources. The profi ciency with which this is 
carried out refl ects a complex set of regulatory, eco-
nomic and company - specifi c factors. Success rates 
differ by therapeutic class, and typically vary from 
about 28% success rate for an anti - infective com-
pound to 12% for respiratory drugs  [12] . It is manda-
tory to ensure that the therapeutic target is appropriate 
and commercially attractive, and to defi ne the target 
product profi le to ensure successful marketing. These 
activities demand close cooperation between discov-
ery, development and marketing departments before 
embarking on a full development plan. In the treat-
ment of herpes zoster infection, for example, there 
is a precedent using the speed of crusting of the 
vesicular lesions as a marker for the effi cacy of drug 
treatment, with signifi cantly more rapid crusting, 
associated with the active agent, permitting registra-
tion. This is hardly of major relevance to the clinical 
situation as a benefi cial effect on the disappearance 
of vesicles is of minor consequence to the patient who 
has a painful condition. The important clinical ques-
tion is the effect of treatment on pain acutely, and in 
the longer term in the prevention of post - herpetic 
neuralgia. This creates an interesting dilemma. 
Should the primary clinical endpoint be crusting 
of lesions, given that this approach will undoubt -
edly result in more rapid execution of studies and 

requiring the integration of many different players. 
Typically, and best practice for the development of 
such a plan, this requires a relatively senior project 
manager or development scientist to take primary 
responsibility and ownership of the project. The 
 ‘ owner ’  must have the authority to obtain the neces-
sary information from different departments within 
the organisation and from external suppliers. 

 The plan will eventually prescribe a likely fi ling 
date for a marketing authorisation application. This 
date is vital and when the plan becomes public infor-
mation, any slippage in the date is likely to impact on 
the share price of the company. Accordingly, senior 
members of the company must be confi dent that the 
date can be met. There will always be pressure to 
bring the date forward but this has a cost in resources, 
and risks damaging credibility with investors if the 
accelerated timelines cannot be met. 

 Thus, a sequential plan is safe, cost - effective in 
terms of resources and manageable by most organisa-
tions. Unfortunately, such a plan has a cost in terms 
of unacceptable delays to shareholders. In the early 
1990s there was a vogue for massively parallel plans 
which ran many activities simultaneously in order to 
address and bring forward  ‘ stop - go ’  decisions and 
fi ling dates. Stop - go decisions were made aggressively 
and the plans were continually examined to review 
ways to bring the fi ling date forward. Such plans are 
now less common. The principal reason cited by 
organisations is that such plans throw many of the 
company resources onto a single product. If the 
product fails in late - stage development, other candi-
date compounds will have been neglected. Such plans 
therefore are a signifi cant gamble for even well -
 resourced and capitalised organisations. If they fail, 
a gap appears in a company ’ s product pipeline, 
with serious consequences for the well - being of the 
organisation. 

 Quite how the plan is reviewed depends on the 
organisation, the therapeutic class and regulatory 
priority rating. Large organisations will review on 
a 12 - monthly cycle the overall shape of the drug 
development portfolio for, say, the next 10 years, the 
near - term portfolio and resource requirements, say 
over 3 years, and closely review the detailed plan for 
the next 12 months. This allows the company to 
defi ne the next 12 months in terms of budget and 
resource, and the next 3 and 10 years in some detail 
to establish if there are likely to be gaps in the port-
folio 10 years hence that can be fi lled by in - licensing 
of compounds. Such a strategic review is vital for the 
successful integration of new compounds into the 
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of the drug ’ s likely effectiveness in the indication can 
be made. However, if there are already therapies in 
later development or in the marketplace that partially 
address the clinical need, it might require signifi cant 
therapeutic endeavour, usually through late phase III 
and phase IV clinical trials, to establish the product 
in the marketplace. It is therefore important to iden-
tify the place of an individual drug in the therapeutic 
armamentarium. 

 The prescriber will base a decision on a considera-
tion of the relative risk – benefi t, whereas the regulator 
will consider the drug entirely on its own merits and 
will tend to assess the effi cacy, safety and quality of a 
drug in its own right. A relative judgement is straight-
forward in an area of high unmet medical need, when 
there is simply a consideration of whether it is better 
to have the disease treated or untreated, but much 
more diffi cult and subtle in an area where drug treat-
ment is already available. The complexity of the deci-
sion tends to increase with an increasing number of 
treatment options and under these circumstances 
the prescriber will be more inclined to consider the 
options for the individual patient. For example, when 
treating hypertension in a middle - aged man the fi rst 
choice may be a beta - blocker. The choice of which 
beta - blocker may depend on whether the particular 
drug has been shown to have any primary or second-
ary role in preventing myocardial infarction, on 
its effect on cholesterol, its propensity to affect 
adversely the peripheral vasculature, whether it limits 
exercise tolerance or has undesirable effects in a 
patient with asthma. It is therefore important to 
mirror this thought process when considering the 
market support programme and also to take account 
of preclinical data that may point to establishing 
clinical differentiation from a competitor. Studies 
examining such endpoints are always attractive to 
marketing departments. 

 The use of surrogate markers is always attractive. 
They allow drug development timelines to be short-
ened and may allow particular marketing angles to be 
pursued (e.g. a cholesterol - lowering effect in a cardio-
vascular agent). Regulators are increasingly likely to 
question the use of surrogate markers for large - scale 
pivotal phase III studies. Typically, at least one clinical 
endpoint trial is necessary. Such a trial is large and 
costly and it may take a considerable time to enrol 
and follow - up subjects in the study. The large cardio-
vascular intervention and survival studies are exam-
ples of such studies. 

 Regulators may require specifi c studies to address 
specifi c questions (e.g. use of the drug in the elderly, 

therefore faster registration, or should it address the 
real medical issue (i.e. pain), an area where the clini-
cal evaluation of the effi cacy of treatment will be 
more complex? The responsible clinical decision is to 
measure both endpoints, but the implications for 
marketing must be understood. 

 The use of the different therapeutic targets, and the 
implication for the organisation, surrounds competi-
tive advantage. What may be a minor clinical advan-
tage for a new compound can sometimes be converted 
into a signifi cant commercial lever that will facilitate 
marketing. Many companies use the draft Summary 
of Product Characteristics (SmPC) to establish needs 
and wants, allowing a useful dialogue between the 
drug development and marketing groups. 

 Draft labelling and a draft SmPC are produced at 
the beginning of the development process and these 
embody the features that the marketing group regards 
as minimal to ensure commercial success ( ‘ needs ’ ). 
These needs must be tempered by input from medical 
and development to ensure that the requirements are 
realistic. The draft would also include features that 
are perceived to have signifi cant advantages over 
competitor agents ( ‘ wants ’ ) and those that would 
provide useful talking points ( ‘ nice to have ’ ). 

 It is always tempting to design a minimalist pro-
gramme of studies (i.e. the minimum required to 
obtain registration for a given indication), but this 
approach may not even address the  ‘ needs ’ , particu-
larly in an area where there is relative satisfaction with 
available therapy and therefore intense competitor 
activity. For example, the development of a non -
 steroidal anti - infl ammatory drug may include studies 
in relatively small numbers of patients, aiming to 
demonstrate less gastrointestinal blood loss than that 
associated with an established comparator. In such a 
competitive area this is likely to be insuffi cient 
without demonstrating that this translates into real 
clinical benefi t compared with the comparator (e.g. 
reducing the incidence of major gastrointestinal 
blood loss requiring transfusion). A large - scale clini-
cal study such as this may not therefore be required 
for registration but would be required for launch in 
order to demonstrate to clinicians the place of a new 
agent in a crowded therapeutic area. 

 During this process it is necessary to establish that 
the marketing  ‘ wants ’  are indeed achievable. For 
example, there may be a need for an adequate therapy 
for delayed nausea and vomiting associated with 
chemotherapy. Clinicians may state that this is a clini-
cal need. Depending on the current therapies and the 
early profi le of the candidate drug, a good estimation 
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 Post - authorisation (phase IV) studies also generate 
safety data, but qualitatively these are likely to be 
similar to those collected during the pre - registration 
phase. In western Europe, larger phase IV studies that 
have the evaluation of clinical safety as a primary ob -
jective have been embraced by the Post - Authorisation 
Safety Assessment, which have superseded previous 
guidelines on post - marketing surveillance and which 
are incorporated into the EMA pharmacovigilance 
guidelines. 

 In recent years, there has been a growth in the fi eld 
of mega - studies, usually clinical outcome studies 
involving 5000 – 25,000 patients, with a simple pri-
mary endpoint such as mortality and a number of 
secondary morbidity endpoints. The potential for 
studies of this magnitude to detect less frequent side -
 effects than those seen in the pre - registration pro-
gramme is clear.   

The detailed clinical
development plan

 In this section we consider the requirements for the 
clinical programme leading to global registration, as 
well as other studies which will form part of the 
overall programme. It must be emphasised that each 
activity in the clinical study programme has to be 
identifi ed and an appropriate order determined. A 
realistic estimate of timing can thus be made and, 
when the sequence and timing of events has been 
determined, the critical path can be established. This 
is the chain of essential events that must be accom-
plished to achieve a particular goal; clearly, a change 
to one of these events has a fundamental effect on 
development time. 

 As with any plan, well - defi ned milestones and 
checkpoints must be incorporated and subsequent 
activity should not proceed until these have been 
achieved. The plan must always be suffi ciently 
detailed to identify supporting activities such as toxi-
cological studies that must be completed to allow 
development to continue without interruption. Many 
of these activities can, and should, run in parallel. 

Number of patients
 Although there are no fi xed rules on devising the 
phase III programme, the more subjects admitted the 
better in terms of a safety evaluation, but it must be 
kept in mind that ethical considerations demand that 
only suffi cient patients to meet the scientifi c criteria 
of study endpoints should be randomised. For 

in children or other at - risk populations). Design of 
these studies needs detailed consideration: the sub-
jects might be diffi cult to recruit, and comparative 
or placebo studies may be complex, potentially 
unethical or unduly expensive in terms of time and 
resources. Drug development expertise, as well as 
good support from the biostatistical and biometrics 
groups, is vital. The ICH guidelines can be particu-
larly helpful when conducting clinical trials in special 
populations. However, sometimes the guidelines are 
ambiguous at best.  

Safety
 About 20% of new drugs will fail because of safety 
concerns  [12] . Nevertheless, with a clinical develop-
ment programme involving an average of about 4500 
patients, the potential prescriber of a new drug is 
faced with the absence of a large amount of safety 
data. The safety profi le of a drug will develop over 
time as adverse reactions occur spontaneously in a 
normal clinical setting. While there is no substitute for 
spontaneous reporting in the identifi cation of rare 
side - effects, it is important to consider whether useful 
safety information can be generated soon after launch. 

 In this context, a decision on whether post -
 marketing surveillance studies should be built into 
the development programme must be taken. Such 
an observational study may signal the occurrence of 
adverse events or, alternatively, it may signal and 
quantify the frequency of adverse events. At this point 
in the life cycle of a new medicine, post - marketing 
surveillance is likely to involve cohort observational 
studies of 10 – 20,000 patients. The value of these 
studies is likely to be threefold:
1.     to generate safety data during use of a drug in 
routine clinical practice, to enable a comparison to be 
made of the safety profi le in an uncontrolled popula-
tion and the controlled clinical trial population;  
2.     to provide safety data in a defi ned group incom-
pletely covered in the registration package (e.g. the 
elderly); and  
3.     to enlarge the  ‘ formal ’  safety database and thereby 
act as an insurance policy to address problems occur-
ring at a later stage in a drug ’ s evolution.    

 The possibility for such studies will depend on the 
disease, disease frequency and whether the prescrib-
ing setting is in primary or secondary care. The value 
of these studies is likely to be greatest if data are 
generated as soon as possible after launch, and plans 
for implementation must occur well in advance of 
submission of the regulatory dossier. Such studies 
might also be a condition of registration. 
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this case, great care needs to be taken with the choice 
of active comparator. 

 It is widely accepted that two placebo - controlled 
pivotal studies are necessary, although it is not clear 
that this is a mandatory regulation in the FDA or 
EMA regulations. However, there is a certain insur-
ance in this approach as studies, even of drugs that 
are effective, can occasionally fail to show a statisti-
cally positive result if the treated population somehow 
deviates from the norm or if the placebo response is 
unexpectedly increased. In Europe the use of an active 
comparator in a pivotal study is more common. 

 Sample sizes for clinical trials are discussed more 
fully elsewhere in this book and should be established 
in discussion with a statistician. However, sample 
sizes should be suffi cient to be 90% certain of detect-
ing a statistically signifi cant difference between treat-
ments, based on a set of predetermined primary 
variables. This means that trials utilising an active 
control will generally be considerably larger than 
placebo - controlled studies in order to exclude a type 
II statistical error (i.e. the failure to demonstrate a 
difference where one exists). Thus, in areas where a 
substantial safety database is required (e.g. hyperten-
sion), it may be appropriate to have in the programme 
a preponderance of studies using a positive control. 

 The increasing use of active comparator studies has 
meant that more studies are being powered on a  ‘ non -
 inferiority ’  basis. It is essential to discuss such designs 
with statisticians. Other novel designs (e.g. initial 
open - label therapy followed by a randomised treat-
ment arm following disease exacerbation) are becom-
ing more common. These novel designs must be 
discussed with a statistician and with the regulatory 
authorities before expensive mistakes are made. 

 Conversely, if demonstration of effi cacy is more 
critical than establishing safety (e.g. in Alzheimer ’ s 
disease), then placebo - controlled studies are appro-
priate. Although the studies may include fewer 
patients, the number of studies may be approximately 
the same as for a hypertension programme. 

 It is eminently sensible to aim to have the smallest 
number of studies in the dossier as this makes data 
management and analysis less complex and therefore 
less time - consuming. It is inevitable that some studies 
that are not universally necessary will fi nd their way 
into the core dossier. In France, for example, pricing 
is inextricably linked to technical approval and, when 
granting a price, the authorities make reference to 
an already available treatment wherever possible. It 
would therefore be virtually impossible to obtain 
pricing approval unless a comparative study with a 

example, for a disease - modifying drug for rheuma-
toid arthritis, approval has been granted on a data-
base of up to approximately 6000 subjects. However, 
a novel immunosuppressant agent has been granted 
an approval with fewer than 2000 subjects. Based 
on their experience, Blake and Ratcliffe  [13]  sug-
gested that approximately 3000 patients per indica-
tion is average for a New Drug Application (NDA) 
in 1991. The Tufts Institute in 2001 suggested that 
about 4500 subjects is average for an NDA [14]. These 
two numbers are consistent with an annual com-
pound increase in numbers of about 7%. Others 
have suggested that about 100 patient - years experi-
ence is satisfactory for some established drugs for 
well - understood disease areas, such as new formu-
lations of insulin. Much also depends on the addi-
tional supportive data that can be included in the 
application. 

 The number of subjects is likely to vary depending 
on the degree of unmet medical need and the serious-
ness of the disease indication. It is likely that a drug 
shown to be effective in treating stroke, a condition 
with a high mortality and morbidity where no effec-
tive treatment is available, will require a database of 
fewer than 3000 patients. Conversely, an anxiolytic, 
used to treat a non - life - threatening condition where 
effective treatments already exist, may require a much 
larger database. However, 4500 patients represent a 
reasonable working total.  

Number of studies
 Having established the number of patients to be 
included in the pre - registration clinical programme, 
it is important to consider how these will be distrib-
uted and hence how many studies are required. This 
is very variable. The Tufts Institute reported that, for 
biopharmaceuticals, there were on average only 12 
studies and 1014 subjects per NDA compared with 37 
studies and 4478 subjects for a conventional pharma-
ceutical NDA  [14] . 

 Generally speaking, the FDA will require placebo -
 controlled studies wherever possible to demonstrate 
effi cacy at the dose to be marketed and these are 
termed pivotal studies. Pivotal studies do not have to 
be placebo - controlled, and in some areas, such as 
depression, the ICH guidelines suggest a three - arm 
study, with both an active comparator and a placebo 
control. The Declaration of Helsinki, revised in 2000, 
suggested that in some disease areas, placebo -
 controlled studies are to be examined very carefully 
for their ethical content. This includes areas where 
conventional best therapy is generally acceptable. In 
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essential regulatory package that is not conducted in 
conventional phase I – III sequence.  

Patient  categories
 It is important to include all age ranges that are of 
clinical importance. Development of an anti - asthma 
drug, for example, should include a programme of 
evaluation in children as well as adults because they 
will form a signifi cant portion of the database and 
risk – benefi t considerations will be different. Devel-
opment of an anti - arthritis compound, on the other 
hand, will be undertaken predominantly in older 
patients and particularly detailed information on effi -
cacy and safety in the elderly will be required. 

 This raises the important question of  ‘ what is 
elderly? ’  In the average regulatory dossier, the major-
ity of patients are likely to be less than 75 years old, 
yet population demographics point to the increasing 
importance of the  ‘ older elderly ’   –  those aged more 
than 75 years. Abernethy  [15]  reports, reassuringly, 
that there is little or no evidence to date to suggest 
that the toxicity of any drug is unique to the elderly 
and therefore it follows that the  ‘ older elderly ’  are 
probably not a discrete group. It would appear 
prudent, however, in a clinical situation where a drug 
is likely to be taken by large numbers of patients in 
this category for there to be an appropriate evaluation 
of the risks and benefi ts. This may not need to form 
part of the regulatory package but data could be gen-
erated by a cohort observational study as part of a 
post - marketing surveillance programme. 

 The FDA Modernisation Act of 1997 included a 
number of elements that have increased the number 
of studies being performed in children. This was 
largely successful at increasing data on paediatric 
studies in the USA and has been now replaced by the 
Best Pharmaceuticals for Children Act, 4 January 
2002 (Public Law No. 107 – 109). In September 2004, 
the European Commission released a proposal for a 
Regulation on medicines for children  [16] . The aim 
of this Regulation is to ensure that medicines for 
children are effi cacious and safe, and will mean that 
all development plans will have to consider actively 
paediatric studies in the future.  

Coexisting  medical conditions and 
concomitant drug interactions 
 It is important to ensure adequate collection of data 
in patients who have coexisting medical conditions in 
whom drug elimination may be reduced, particularly 
those with hepatic or renal impairment, as lower 
doses are likely to be required in these patients. It is 

reference drug had been undertaken. As pricing 
approval is the immediate step after technical 
approval, the  ‘ pricing study ’  needs to begin at the 
same time as the core registration studies, hence it 
becomes part of the regulatory dossier. 

 While it is desirable to avoid duplicating activity, 
there will undoubtedly be some duplication of 
studies in the clinical programme given the forego-
ing discussion. It is important nevertheless to ensure 
that ad hoc studies do not fi nd their way into the 
plan by default. The importance of studies designed 
to demonstrate competitive advantage has been 
mentioned and while data from many of these 
studies may not fi nd their way into the regulatory 
dossier, the studies are nevertheless part of the 
overall clinical programme. Under these circum-
stances, there is little point in allowing duplication 
of comparator drugs between studies. For example, 
there is a considerable variety of drugs for the treat-
ment of depression, ranging from the old tricyclic 
compounds such as amitriptyline and imipramine to 
the more recent and less toxic compounds such as 
the selective monoamine and serotonin reuptake 
inhibitors. In between there is a host of antidepres-
sant drugs with distinguishing properties; some are 
sedative, while others have anxiolytic activity. The 
most widely used drug will also vary from country 
to country. This situation therefore presents an 
opportunity to implement an international pro-
gramme to test the new agent against a variety of 
competitors in order to tease out differences and 
provide data that may be required to support regis-
tration and that will also be of major use at the time 
of launch and subsequent marketing in individual 
countries. Care must be taken that local studies do 
not jeopardise the overall regulatory and marketing 
plan, as embodied in the draft SmPC. A study in 
which the drug dosage is halved for local marketing 
reasons might have the potential to undermine the 
whole regulatory package unless there are clear 
medical reasons for such a study. 

 Finally, in addition to studies that may be included 
to address potential regulatory questions, it is impor-
tant to consider whether  ‘ in - fi lling ’  is needed. In an 
attempt to speed drug development, a high - risk strat-
egy is to take the decision to enter full development 
as early as possible. This may mean that many ele-
ments of the phase IIb programme are not carried 
out sequentially. One strategy is to carry out formal 
dose - ranging studies as part of the large - scale phase 
IIa effi cacy and safety programme.  ‘ In - fi lling ’  can be 
used to describe any study that forms part of the 
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pinned by an appropriate toxicology work - up? It is 
common for the dosage form to change during the 
course of the development process. Early studies may 
be carried out using liquid or capsule preparations 
because of the ease of formulation. Almost invariably, 
the marketed formulation will be different and it is 
important to ensure that inclusion in the regulatory 
dossier of data obtained using the early formulations 
can be justifi ed by appropriate bioavailability studies, 
which may be required as part of the full pre -
 registration plan. It is highly desirable that the full 
development programme, which will generate the 
largest amount of data for the registration fi le, utilises 
the formulation to be marketed in order that safety 
and effi cacy data can be amalgamated. Phase III 
studies should be undertaken with the intended 
market formulation. 

 It is important to consider the impact of different 
formulations. The requirements for an inhaled drug, 
for example, will be quite different from the require-
ments for the same drug given orally. 

 Is the development of two formulations to proceed 
in parallel or sequentially? The size of the programme 
may be doubled if a second formulation is aimed at 
a different target group. However, it may be more 
cost - effective to carry out a larger programme than 
to come back at a later date. For example, in the 
development of a new agent to treat infl ammatory 
bowel disease it may be inappropriate to use an orally 
active formulation in a patient with disease confi ned 
to the distal end of the large bowel. While this situa-
tion may account for a relatively small proportion of 
patients, it is nevertheless desirable to have available 
a range of formulations suitable for use by all patients. 
Under these circumstances it would substantially 
increase the cost of the programme to study these 
patients at a later date, given that during the screening 
process to identify patients suitable for inclusion in a 
trial of oral medication; these patients would be iden-
tifi ed and would not be included in the study. The 
length of time taken to gather data on the major 
formulation is unlikely to be increased as there is no 
competition for patients, but gathering data on the 
secondary formulation represents an increase in 
workload. The trade - off is therefore an increase in 
workload versus a more cost - effective and clinically 
comprehensive programme.  

Clinical trial supplies
 This is a crucial area and one that should be given 
maximum attention during the planning process, 
as the length of time required to ensure adequate 

also important to investigate potential drug interac-
tions, both clinically and pharmacologically, particu-
larly for drugs prescribed for conditions that are likely 
to coexist, and specifi c clinical pharmacology studies 
must be built into the programme. For example, it is 
necessary to determine the effect of a new antihyper-
tensive agent co - prescribed with an angiotensin 
converting enzyme (ACE) inhibitor, angiotensin II 
receptor antagonist, nitrate, calcium - channel blocker, 
beta - blocker and diuretic, in terms of both drug 
interactions and potentiation of antihypertensive 
effect. Interaction via an effect on the cytochrome 
P450 system must also be investigated should there 
be any suggestion from preclinical data that this may 
occur.  

Duration of  treatment 
 In Europe, a drug that is likely to be administered 
long - term will require a minimum of 100 patients 
treated for one year to gain approval. This will vary 
depending on the circumstances. It is likely that a new 
antihypertensive agent will require signifi cantly more 
long - term experience than this before a licence is 
granted, whereas a drug that is effective in treating 
gastric cancer will require less. It is important to 
remember that data generated as a result of long - term 
administration will be required to support registra-
tion applications for drugs used to treat recurrent 
diseases, such as peptic ulcer, as well as chronic dis-
eases such as hypertension. 

 Most phase III studies in a chronic disease will 
require 12 months of therapy. Most oncology studies 
will require 12 months ’  survival data.  

Dose
 The FDA demands, at opposite ends of the dose 
range, a dose that demonstrates effi cacy but is associ-
ated with side - effects and a dose that is largely inef-
fective. A range of doses may be studied within these 
limits, with the aim of identifying a dose that is both 
effective and tolerable. In Europe, there is greater 
scope to justify the choice of dose in a particular set 
of clinical circumstances. Choice of dose should also 
take account of further development for new indica-
tions; for example, an antihypertensive drug may also 
be effective in treating angina or heart failure but the 
dose is likely to differ signifi cantly. 

Dosage form 
 Is the dosage form to be used for large - scale develop-
ment and hence commercialisation the same as that 
used for earlier phase studies and is the choice under-
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useful as the study design becomes more complex. 
IVRS also allows scarce drug supplies to be rapidly 
dispatched to the appropriate site.  
3.     Insuffi cient time is allowed to obtain supplies of 
comparator drugs. Companies are notoriously 
bureaucratic, or even obstructive, in dealing with 
requests for supplies of active drug and placebo; it 
therefore pays to start negotiations early. Protocols 
involving comparator drugs from other companies 
must be targeted for early drafting, particularly if they 
are on the critical path, as the approval process is 
likely to be prolonged. If adequate time is allowed 
then it is always possible, should there be a refusal to 
supply active drug and placebo, to extract the active 
substance from a marketed formulation, reformulate, 
demonstrate bioequivalence with the approved for-
mulation, and manufacture suffi cient supplies for the 
clinical programme, together with matching placebo. 
This is clearly much less effi cient than negotiating 
successfully with another company.     

Length of the programme 
 The importance of taking a long - term strategic view 
when designing the full development programme has 
already be stressed, but clearly it is impossible to plan 
in detail studies that may or may not start some years 
in the future. The most crucial timing in the pro-
gramme is the point at which the clinical cut - off will 
occur to permit compilation of the clinical section of 
the registration dossier. From this point, the timing 
of submission of the dossier can be predicted and 
hence the timing of regulatory approval and launch. 
It is thus important to be able to estimate with some 
degree of accuracy the length of time necessary to 
achieve the goal of clinical cut - off and to ensure that 
the major pivotal studies will be fi nished at that point. 
This fact mandates that the pivotal studies should 
receive high priority in the execution of the plan. 

 As anyone involved in the conduct of clinical trials 
knows, it is notoriously diffi cult to estimate the length 
of time it will take to recruit patients into a study. 
Formal inclusion and exclusion criteria can severely 
restrict the numbers of patients suitable for a trial, 
even when common conditions are being studied. An 
additional and common complication is the  ‘ over -
 optimistic investigator syndrome ’ . 

 It is becoming increasingly common to conduct 
fairly rigorous feasibility studies to determine the 
likelihood of patient and investigator recruitment in 
different countries. A complicating factor is compet-
ing studies. This is particularly so in areas of great 

clinical trial supplies can never be underestimated. 
Inadequacy of clinical trial supplies can be a reason 
for delay in the execution of a clinical development 
programme. The Clinical Trials Directive (2001/20/
EC), GMP Directive (2003/94/EC) and Annex 13 
Guidance allow verifi cation of compliance with Good 
Manufacturing Practice (GMP) as well as GCP. Inves-
tigational medicinal products (IMPs) have to be 
manufactured to a standard  ‘ at least equivalent to ’  EU 
GMP. This relates to the fi nished dosage form and not 
just the active pharmaceutical. Placebo has to be 
manufactured to GMP as well. GMP codes vary 
across the world and specifi c steps must be taken to 
ensure that EU GMP standards are met. In practice, 
this relates mostly to drugs manufactured in the USA, 
as there is no Mutual Recognition Agreement between 
US and EU GMP. A Qualifi ed Person release is 
required for each batch of all IMPs and this might be 
especially diffi cult to achieve for active comparator 
products. 

 The explanation for delay is likely to be threefold.
1.     Insuffi cient information is provided to colleagues 
in pharmaceutical development early enough, so 
that insuffi cient compound has been synthesised 
and manufactured according to the relevant GMP 
standards.  
2.     Insuffi cient time is allowed for packaging and dis-
tribution. Clinical trials packaging is becoming 
increasingly complex, particularly when a drug that 
may be a second - line treatment is being tested. For 
example, it would be unethical to stop an ACE inhibi-
tor and diuretic in a patient with heart failure, there-
fore administration of a new drug will be against this 
backdrop. In order to maintain double - blind condi-
tions, it will be necessary to employ a double - dummy 
technique and therefore a minimum of four different 
agents per patient must be packaged: the ACE inhibi-
tor, diuretic, new agent and placebo. The situation 
can be hugely complex as, for example, the testing of 
a new anti - parkinsonian agent, where packaging of 
more than a dozen tablets per patient per day may be 
necessary. Complexity is further increased if the trial 
is international and dosage instructions have to be 
supplied in a number of languages. Despite this, drug 
supplies have to be distributed to a number of differ-
ent countries, each of which requires different docu-
mentation to satisfy local customs regulations. It is 
hardly surprising that this aspect of the clinical devel-
opment plan sometimes does not receive the atten-
tion it warrants. The use of an interactive voice 
randomisation system (IVRS) becomes increasingly 
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an average of about 4500 subjects, these numbers 
should be extrapolated upwards. Blake and Ratcliffe 
estimated that the programme would require the 
dedicated tie - in of 25 – 30 staff, three - quarters of 
whom would be trial monitors and data processors 
and the remainder physicians and statisticians. This 
gives some idea of the level of resource commitment 
required to discharge a successful programme and 
some notion of the continued commitment of 
resource to a post - authorisation (phase IV) study 
programme.  

Data management
 In many companies, data collection, handling and 
analysis constitute a major bottleneck and are a 
source of irritation to investigators and of frustration 
to commercial colleagues. The process of data collec-
tion begins with the protocol, which must be clear 
and unambiguous. There must be a fl ow diagram. 
The practical parts of the protocol (i.e. those in daily 
use during the running of a trial) should be separate 
from the remainder and in a form allowing easy refer-
ence. If the protocol facilitates the study it will reduce 
error and hence rework. 

 The case report form (CRF), whether paper or 
electronic, should be unambiguous and simple to use. 
Its completion should minimise the need for text. 
CRFs should consist of three modules. One module 
is common for all trials (e.g. laboratory data), one is 
common for all trials in the clinical programme for a 
given compound, and one is specifi c to the study in 
question. In this way data handlers become familiar 
with the forms and can therefore manage a larger 
number with fewer mistakes. A mechanism should be 
in existence to ensure that the clinician completes the 
CRF adequately. 

 Recently, signifi cant efforts have been made in 
most organisations to reduce the time from last 
patient out to fi nal report. As always, a balance must 
be struck between satisfactory resource utilisation 
and cost. Most companies are now looking at an 8 – 
12 week period from last patient out to fi nal report. 
The most signifi cant delay is in resolving fi nal data 
queries at study sites and this depends principally 
on the clinical research associate monitoring sched-
ules and the availability of study personnel at the 
study site. It should be the objective of every trial 
monitor to produce a complete set of clean data 
within 1 – 2 weeks of the last patient completing the 
trial, with the target of closing the database and ini-
tiating the analysis and statistical reporting of the 

scientifi c endeavour such as oncology. It is not 
uncommon for large oncology centres to be running 
upwards of 50 different studies. Competition for 
patients can be intense. 

 In more recent years, in an attempt to overcome 
these problems, it has become fashionable to include 
more centres than may be necessary in a study on the 
basis that some will be successful at recruiting whereas 
others will not. All, of course, have to be assessed to 
ensure that they can operate within the principles of 
GCP. It is important to be realistic in estimating the 
speed at which recruitment will occur, and even in 
common disease areas it is often unreasonable to 
expect centres to recruit at the rate of more than one 
to two patients per month. Nevertheless, the geo-
graphical distribution of clinical research is of major 
commercial concern because involvement of infl uen-
tial clinicians in the evaluation of a product is vital. 
It necessarily follows that involvement of infl uential 
clinicians in potentially large markets is of prime 
importance. Studies should therefore be conducted in 
these areas as fi rst choice. However, that mandates a 
willingness on behalf of the investigator to participate 
in pivotal studies and to meet development deadlines 
which, of course, assumes the existence of an appro-
priate patient population and facilities for the conduct 
of the study. 

 A further factor that will impact the speed at which 
the clinical programme can proceed is the human 
resource committed to the programme. There are 
some activities that will not be affected by manipula-
tion of resource, such as the  ‘ in - life ’  phase of a 2 - year 
carcinogenicity study. However, reporting time for 
the study can be reduced if more resource is applied. 
Various models for predicting resource allocation 
exist but none is particularly reliable. While trial 
monitors and data handlers may be a resource dedi-
cated to one programme, physicians and statisticians 
invariably have a range of commitments and will 
therefore be called upon to deal with unexpected 
problems, which cannot be taken into account in the 
planning process. Blake and Ratcliffe  [13]  have gener-
ated a model describing drug development, running 
either sequentially or in parallel. For reasons that 
have already been considered, the former situation 
generally does not exist because of time constraints, 
although it makes more effi cient use of human 
resources. Blake and Ratcliffe estimated that for an 
average NDA of about 3000 patients, with studies 
proceeding in parallel, it is necessary to recruit 
around 200 centres. Clearly, for an NDA that requires 
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integrated management systems for clinical data and 
clinical trials.   

Executing the plan

 There can be no substitute for excellent planning and 
this is why a substantial portion of this chapter has 
been devoted to a consideration of the important 
elements of the clinical development programme. 
There needs to be a clear and concise map of activities 
leading to compilation of the clinical section of the 
regulatory dossier and beyond. However good the 
programme is, there will be a successful outcome only 
if it is executed in an effi cient and timely manner. The 
important factors are:
    •      contract research organisations (CROs);  
   •      selection of sites;  
   •      prioritisation of trials;  
   •      quality management;  
   •      process improvement;  
   •      communication; and  
   •      training.    

Contract  research  organisations 
 In a discussion on the allocation of resource and 
analysis of workload, the decision on whether to 
engage a CRO for an element of the programme 
should be taken during the planning stage. It is 
important to remember that a CRO has to be 
managed and this can be as much as 5 – 10% of the 
company resource which would otherwise be directly 
involved in carrying out the programme. It is impor-
tant that the objectives for the CRO are clear and that 
the scope of the task involved, including cost and 
milestones, is agreed by both parties before any con-
tractual commitment. It must also be remembered 
that the CRO has to be audited and quality assured. 

 CROs are likely to be more effi cient, and on occa-
sion can be faster than the company. A balance has to 
be struck between the outsourcing costs, internal 
costs (which are often underestimated) and the man-
agement requirements and skill sets of the CRO and 
internal staff.  

Selection of sites
 Reference to the principles of GCP has been made; 
only investigational centres whose personnel and 
facilities are capable of working to GCP should be 
selected to participate in the programme. The selec-
tion of an investigator is a balance between value for 

primary variables with the minimum of delay. Data 
are of little value unless they are analysed and 
reported; indeed, data left in an offi ce may be poten-
tially dangerous. 

 To simplify the process it is important that a single 
database is developed for the whole programme. This 
is particularly relevant to the production of safety 
data, not only in the interests of effi ciency, but also 
so that any safety issues will be recognised as they 
arise. If a particular set of adverse events is suggested 
by preclinical toxicology then they should be fl agged 
in the database so that the monitors ’  attention is 
drawn to them.  

Cost
 The full clinical development plan will be a major 
expense, so has to be costed accurately and conducted 
as economically as possible. The conduct of clinical 
trials is being increasingly seen by investigators as a 
business, and grants to investigators are the largest 
out - of - pocket expense incurred in the clinical devel-
opment phase. It is estimated that drug development 
costs over US$800 million per drug, on average, at 
2000 prices  [2] , but this includes manufacturing and 
all on - costs, rather than just the drug development 
programme.  

Technology 
 The impact of new technology has been felt in recent 
years in full clinical development programmes 
through the introduction of electronic data capture 
(EDC) systems designed for the collection of clinical 
data in electronic format for use mainly in human 
clinical trials. EDC replaces the traditional paper -
 based data collection methodology to streamline data 
collection and help to expedite the time to market for 
drugs and medical devices. EDC systems are used in 
all phases of clinical research, but are particularly 
benefi cial for late - phase (phase III – IV) clinical trials 
and safety studies organised on a multicentre inter-
national basis. 

 Typically, EDC systems provide a graphical user 
interface component for data entry, a validation com-
ponent to check user data and a reporting tool for 
analysis of the collected data. After a slow start, 
emerging from the remote data entry technology of 
the 1980s, EDC solutions are now widely adopted 
by pharmaceutical companies and clinical research 
organisations around the world. It is to be expected 
that having become established, such technological 
advances will continue to develop into even more 
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in terms of total development time are huge and yet 
many companies do not attempt to harness the ben-
efi ts that process improvements can bring by estab-
lishing formal process improvement initiatives.  

Communication
 All personnel involved in the programme should have 
the same level of knowledge of progress and this can 
only be achieved using a computer - based clinical 
trials management system, which must be constantly 
and accurately updated. The central monitors who 
have an overview of the programme must initiate 
remedial action should recruitment, especially into 
pivotal studies, be less than anticipated. Equally, 
information concerning adverse reactions should be 
disseminated promptly so that investigators can be 
kept closely informed and enjoy a uniform level of 
knowledge. Finally, in order to develop and foster 
teamwork, regular meetings involving internal and 
external staff must be arranged so that a two - way 
exchange of information can occur and problems and 
issues addressed directly.  

Training 
 It is obvious that appropriate technical training 
should be provided for anyone joining a development 
programme, and staff already working on the pro-
gramme should be encouraged to keep abreast of 
developments in the therapeutic area. Equally impor-
tant is process training to ensure that the principles 
of GCP are fully understood and applied, and that 
internal processes in the form of SOPs are fully docu-
mented and understood. The process, and hence the 
SOPs, will need to satisfy all those customers and 
providers who will contribute to the development 
programme and ensure that the many tasks involved 
will be performed once and once only to avoid waste. 
The ability of all staff to work to SOPs and therefore 
work between countries and disciplines with a degree 
of consistency is paramount in executing a successful 
programme and this ability should be tested by 
regular audit.   
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money and desirability of having a particular indi-
vidual working within the programme.  

Prioritisation of trials
 The importance of identifying pivotal studies and 
studies on the critical path was discussed in a previ-
ous section. It is important that these studies are 
given the highest priority, both in execution and 
reporting, and that provision is made to identify early 
if there are problems recruiting patients so that 
appropriate remedial action can be taken. The studies 
of longest duration should be started fi rst.  

Quality management
 While quality assurance of data is rightly demanded 
by the FDA and EMA, it increasingly forms an inte-
gral part of other aspects in the execution of clinical 
trials. Investigators must understand that this is part 
of the process of participating in a study and must 
expect to be audited and the quality of their data 
recording to be monitored. Most companies now 
have a quality management system which recognises 
fully the need for independent quality assurance 
audit of the whole, quality management of systems 
and processes and quality control of project activities 
and outputs, for example data. Quality management 
system activities can also be outsourced.  

Process  improvement 
 One of the measures of the effi ciency of the pre -
 registration clinical programme is the total time from 
the decision to enter full development to the fi rst 
regulatory approval in a major market. It is also 
important to monitor effi ciency in other ways. One 
option is to assess the frequency with which prede-
termined milestones are achieved. 

 The importance of documenting internal processes 
in the form of standard operating procedures (SOPs) 
has already been mentioned. Any activity forming 
part of the development plan is a process. Each SOP 
should be looked on as a dynamic document and 
opportunities for improving each process should be 
sought continually. For example, the time that elapses 
between the last patient completing a clinical trial and 
production of the statistical report is an activity very 
much on the critical path. 

 This activity or process can be broken down into 
its smallest components, each of these examined care-
fully for opportunities to reduce cycle time, and 
pieced together again, with the objective of producing 
a signifi cantly quicker time overall. The implications 
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Introduction 

Benefi t and  risk
 The word pharmacovigilance (PV) derives from 
pharma meaning  ‘ pertaining to drug ’  and vigilance 
meaning  ‘ the act of being watchful ’ . More specifi cally 
it is defi ned by the World Health Organization 
(WHO) as  ‘ the science and activities relating to the 
detection, assessment, understanding and prevention 
of adverse effects or any other drug related problems ’  
 [1].  However, the emphasis on safety needs to include 
a broader consideration of benefi t and risk. In the 
sixteenth century Paracelsus, the father of toxicology, 
wrote that  ‘ all things are poison, and nothing is 
without poison; only the dose permits something not 
to be poisonous ’   [2].  In other words, there is no such 
thing as a totally safe drug. The art of modern phar-
macotherapy is to maximise the chance of benefi t and 
minimise the risk of harm for the patient. Risk is the 
probability of something happening and harm is the 
nature and severity of the actual event. Lazarou et al. 
 [3]  investigated the incidence of serious and fatal 
adverse drug reactions (ADRs) occurring in US hos-
pital patients. They reported that the overall inci-
dence of serious ADRs was 6.7% and for fatal ADRs 
the fi gure was 0.32%. On this basis they calculated 
that in 1 year 106,000 patients would have fatal ADRs. 
This puts ADRs into the top six most common causes 
of hospital death. Drug toxicity accounts for signifi -
cant morbidity, mortality and cost.  

The wider context 
 There has to be a trade off between the probability of 
benefi t and the risk of harm, both the likelihood and 

the consequences of harm. But regardless of how 
good we become at understanding the safety of our 
medicines, there will always be a risk that something 
goes tragically wrong. The thalidomide story is well 
known and does not need repeating. Benoxaprofen 
(Opren) is another example. This medicine was with-
drawn 2 years after launch as a result of serious liver 
toxicity amid accusations of over - promotion. The 
BMJ  wrote at the time that  ‘ more generally, both the 
public and the national press should be helped to 
understand that modern drugs are powerful sub-
stances and that side effects are inevitable from any 
substance which is pharmacologically active ’   [4].  The 
BMJ  also pointed out that the  ‘ vast cost (of develop-
ment) and delays of the current system of licensing 
and regulating new products; (encourages) if costs 
are to be recouped large sales (which) have to (be) 
made quickly before patent protection lapses. ’  Since 
the withdrawal of Opren the situation has persisted 
and drugs continue to be withdrawn. The list includes 
recent high profi le examples such as rofecoxib (Vioxx) 
and rosiglitazone (Avandia). 

 The process by which medicines reach the market 
is covered by regulatory procedures. In the USA, 
Advisory Committees are called upon to express an 
opinion on benefi t and risk. An example is the recent 
review of the long - acting beta - agonists for res-
piratory disease. In Europe, Article 31 of Directive 
2001/83/EEC as amended in 2010 serves a similar 
purpose for community - wide review. But issues are 
not restricted to marketed products, safety concerns 
may also occur during the development phase leading 
to the cessation of clinical trials. Because the medi-
cines have yet to be marketed this may have a lower 
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   •      encouraging all parties (industry, health care pro-
fessionals and patients) to report adverse reactions;  
   •      developing lines of communication between all 
parties with an interest in drug safety and ensuring 
these function effi ciently, particularly in times of 
crisis.    

 In regulating the industry, the main issue is one of 
ensuring compliance with the legal requirements. 
Formal monitoring of industry compliance with 
the regulations is a fairly recent development. Inspec-
tions may be undertaken routinely or at any time 
the authorities suspect non - compliance. There are 
three levels of penalty for non - compliance. Minor 
transgressions may be dealt with by education or in 
more serious cases warnings may be issued. In very 
serious or persistent cases, the marketing authorisa-
tion holder (MAH) may be prosecuted. Offences are 
determined nationally and can include substantial 
fi nes and even imprisonment. In this section, the role 
of the UK Medicines and Healthcare products Regu-
latory Agency (MHRA), the US Food and Drug 
Administration (FDA) and the European Medicines 
Agency (EMA) are described as examples.  

  Regulatory  a uthorities 
  Medicines and Healthcare  p roducts 
Regulatory Agency 
 The MHRA  [6]  is the UK government body respon-
sible for ensuring that medicines and medical devices 
work and are acceptably safe. The agency has a 
number of important responsibilities (Box  11.1 ).   

 The MHRA PV inspectorate is part of the Inspec-
tion, Enforcement and Standards division of the 
MHRA. In July 2003, the MHRA introduced a statu-
tory PV inspection programme, the goal of which is 

     Figure 11.1     A typical pharmacovigilance process.  
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profi le but on occasion truly catastrophic events do 
happen. TeGenero ’ s monoclonal antibody, TGN1412, 
a potential treatment for B - cell leukaemia and 
autoimmune diseases is one such example  [5].   

  The  p harmacovigilance  p rocess 
 The focus on benefi t and risk extends the discipline 
of PV beyond just regulatory compliance. It is much 
better to anticipate a problem and with this comes 
the requirement for proactive risk management plan-
ning and risk minimisation and mitigation strategies. 
In the rest of this chapter we describe how companies 
collect, store and evaluate safety information in order 
to comply with worldwide regulatory reporting 
requirements, safety signal evaluation and risk man-
agement planning including maintenance of pre-
scribing information. A typical company PV process 
is illustrated in Figure  11.1 .     

  Legislation and the 
 r egulatory  a uthorities 

  Legislation 
 The need for medicines regulation and PV became 
widely recognised in the 1960s as a result of the tha-
lidomide tragedy. Sound drug regulatory arrange-
ments provide the foundation for a national ethos of 
drug safety and public confi dence in medicines. The 
issues that drug regulatory authorities have to manage 
besides the approval of new medicines include:
    •      clinical trials;  
   •      safety of complementary and traditional medicines, 
vaccines and biologicals;  
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agents. The Center for Biologics Evaluation and 
Research has a similar role for vaccines, blood and 
biologics. Box  11.2  illustrates the important respon-
sibilities of CDER including PV.    

European Medicines Agency 
 The EMA is an agency of the EU, located in London 
 [8] . The EMA is the EU body responsible for coordi-
nating the Member States ’  activities for the evalua-
tion, supervision and PV of medicinal products. The 
Agency provides the Member States and the institu-
tions of the EU with scientifi c advice on any question 
relating to the evaluation of the quality, safety and 
effi cacy of medicinal products for human or veteri-
nary use referred to it in accordance with the provi-
sions of EU legislation relating to medicinal products. 
Member States are responsible for conducting PV in 
their own territories. The common forum for discus-
sion of safety issues is the Pharmacovigilance Risk 
Assessment Committee which succeeded the Phar-
macovigilance Working Party.   

Qualifi ed Person for Pharmacovigilance 
 The role of the Qualifi ed Person for Pharmacovigi-
lance (QPPV) began with the establishment of the 
European Medicines Evaluation Agency, now known 
as the EMA. The function was fully established in 
2004 by Article 23 of regulation (EC) No 726/2004 
 [9].  This Article clearly established that the holder of 
a marketing authorisation for a drug for human use 
in the European Union (EU) must have a QPPV who 
must reside in the EU. The role was described in more 
detail in the revised Volume 9A of January 2007  [10]  
and more recently in Good Vigilance Practice (GVP) 
Volume I. The QPPV must have the following:
    •      Oversight of the company PV system and the 
system must be documented.  
   •      Overview of the safety profi les and emerging safety 
concerns of marketed medicines. The QPPV must 

to assess MAH compliance with UK and EU PV 
legislation. Inspectors have rights conferred under 
the Human Medicines Regulations 2012 (Statutory 
Instrument 2012/1916).  

US Food and Drug Administration 
 The FDA  [7]  is the federal agency in the USA that is 
responsible for assuring the safety, effi cacy and secu-
rity of human and veterinary drugs, biological prod-
ucts, medical devices, food stuffs, cosmetics and 
products that emit radiation. The Center for Drug 
Evaluation and Research (CDER) is the FDA division 
that regulates over - the - counter and prescription 
drugs, including generics and biological therapeutic 

BOX 11.1    The  k ey  a ctivities of the Medicines and 

Healthcare  p roducts Regulatory Agency ( MHRA ) 

        •      Assessing the safety, quality and effi cacy of 

medicines, and authorising their sale or supply in 

the UK for human use  

   •      Overseeing the UK notifi ed bodies that audit 

medical device manufacturers  

   •      Operating post - marketing surveillance and other 

systems for reporting, investigating and monitoring 

adverse reactions to medicines and adverse incidents 

involving medical devices and taking any necessary 

action to safeguard public health, for example 

through safety warnings, removing or restricting the 

availability of products or improving designs  

   •      Operating a proactive compliance programme for 

medical devices  

   •      Operating a quality surveillance system to sample 

and test medicines and to address quality defects, 

monitoring the safety and quality of imported 

unlicensed medicines and investigating Internet sales 

and potential counterfeiting of medicines  

   •      Regulating clinical trials of medicines and medical 

devices  

   •      Monitoring and ensuring compliance with statutory 

obligations relating to medicines and medical 

devices through inspection, taking enforcement 

action where necessary  

   •      Promoting good practice in the safe use of medicines 

and medical devices  

   •      Managing the Clinical Practice Research Datalink 

and the British Pharmacopoeia and contributing to 

the development of performance standards for 

medical devices; offering scientifi c, technical and 

regulatory advice on medicines and medical devices  

   •      Providing the public and professions with 

authoritative information to enable informed 

dialogue on treatment choices     

BOX 11.2    The  k ey  a ctivities of the Center for Drug 

Evaluation and Research 

        •      Evaluating all new drugs before they are marketed  

   •      Monitoring the safety of marketed products  

   •      Monitoring TV, radio and printed drug 

advertisements to ensure they are truthful and 

balanced  

   •      Providing health care professionals and consumers 

with information which enables drugs to be used 

appropriately and safely     
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can then implement the proposals into their 
legislation.  

CIOMS working groups and  reports
 CIOMS is an international, non - governmental, non -
 profi t organization established jointly by WHO and 
UNESCO in 1949  [11] . It has had a major role 
in advancing the science of PV through groups 
that bring together regulatory authorities, the phar-
maceutical industry and academia. The work began 
in 1990 with the Report from the CIOMS Working 
Group I,  International Reporting of Adverse Drug 
Reactions,  which resulted in the creation of the 
CIOMS I Form. This was followed in 1993 by the 
CIOMS Working Group II Report,  International 
Reporting of Periodic Drug - Safety Update Summaries . 
CIOMS then addressed the following topics:
    •      Guidelines for Preparing Core Clinical - Safety 
Information on Drugs (CIOMS WG III, 1994).  
   •      Benefi t – Risk Balance for Marketed Drugs. Evaluat-
ing Safety Signals (CIOMS WG IV, 1999).  
   •      Current Challenges in Pharmacovigilance: Prag-
matic Approaches (CIOMS WG V, 2001).  
   •      Management of Safety Information from Clinical 
Trials (CIOMS WG VI, 2005)  –  this is the group that 
recommended the creation of the multidisciplinary 
Safety Matrix Team (SMT).  
   •      Development Safety Update Report (DSUR): Har-
monizing the format and content of periodic Safety 
Reporting During Clinical Trials (CIOMS WG VII, 
2006).  
   •      Practical Aspects of Signal Detection in Pharma-
covigilance (CIOMS WG VIII, 2010).    

 Currently, CIOMS has two active Working Groups: 
CIOMS IX on  ‘ Practical Considerations for Develop-
ment and Application of a Toolkit for Medicinal 
Product Risk Management ’ , and CIOMS X on  ‘ Con-
siderations for applying good meta - analysis practices 
to clinical data within the biopharmaceutical regula-
tory process ’ .  

Contribution of ICH to  safety surveillance
 ICH,  [12]  which started in 1990, is a more formal 
group than CIOMS. The objective is to bring together 
regulatory authorities from three regions (EU, USA 
and Japan) with experts from the pharmaceutical 
industry to discuss and harmonise the scientifi c and 
technical aspects of product registration. The ICH 
process is intended to eliminate duplication and it 
has been infl uential in shaping current regulatory 
requirements by producing a number of documents 
relevant to PV (Box  11.3 ).    

notify the authorities of any potential or actual 
change in the benefi t – risk profi le.  
   •      A mechanism for acting as a single point of contact 
on a 24 - h basis.    
 Put simply, the European authorities see the QPPV 
as their company safety contact. They also recognise 
the onerous nature of the role and they allow docu-
mented delegation and the appointment of a deputy 
to cover periods of absence. To reinforce the im -
portance of the role the authorities can impose per-
sonal sanctions on the QPPV. Failure to comply can 
lead to a fi ne or imprisonment. Companies also have 
obligations. They must appoint a QPPV in order 
to market products in Europe. Specifi cally, the law 
requires that  ‘ The holder of an authorisation for a 
medicinal product for human use granted in accord-
ance with the provisions of this regulation shall have 
permanently and continuously at his disposal an 
appropriately qualifi ed person responsible for phar-
macovigilance. ’  Further, the regulations specify that 
the MAH must support the QPPV by ensuring that he 
or she has:
    •      appropriate processes, resources, communication 
mechanisms and access to information;  
   •      mechanisms in place to be kept informed of emerg-
ing safety concerns and other information relating to 
benefi t – risk;  
   •      authority to implement changes to the company PV 
system in order to promote, maintain and improve 
compliance;  
   •      input into risk management plans (RMPs) and the 
preparation of regulatory action in response to 
emerging safety concerns.     

Harmonisation initiatives
 Ideally, PV should have a global and harmonised 
approach. In the past 20 years there has been a drive 
towards more unifi ed safety reporting defi nitions and 
standards although regulatory priorities and views 
still diverge. The impetus has come from industry 
and considerable progress has been made under the 
auspices of three organisations:
1.     Council for International Organization of Medical 
Sciences (CIOMS);  
2.     International Conference on Harmonisation of 
Technical Requirements for Registration of Pharma-
ceuticals for Human Use (ICH); and  
3.     World Health Organization (WHO).    
 Both CIOMS and ICH contribute to the genera-
tion of harmonised regulations. CIOMS sets the 
vision and ICH is the negotiation stage to create a 
basis for harmonisation. Local regulatory authorities 
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Safety governance

Safety Matrix Teams and 
Safety Governance Boards 
 Within pharmaceutical companies project teams lead 
the development of new medicines and, for each 
study, the medical monitor is central to the real time 
review of individual adverse event reports received 
from investigational sites. What CIOMS VI recog-
nised was the need for a regular holistic and docu-
mented review of safety data occurring at the level of 
the investigational medicinal product (IMP). Rather 
than just reviewing safety information study by study, 
CIOMS VI proposed the integration and periodic 
review of information from across studies and across 
indications. CIOMS VI envisaged that this would be 
done by SMTs. 

 The core membership of the SMT generally 
includes representatives from PV, clinical develop-
ment and statistics. Others, for example non - clinical 
safety assessment and epidemiology, will join accord-
ing to the issues under discussion. Typically, the 
SMT reviews adverse events and laboratory data 
during development and once the product is 
marketed. The statistician will help by producing 
periodic reports of integrated data. Other informa-
tion that might inform on the safety profi le of 
the product is also reviewed by the team. This ranges 
from toxicology fi ndings through to updates on 
the safety of competitor products and literature 
reports. During development the output of the 
SMT will contribute to the investigator ’ s brochure 
(IB) and the informed consent form. Later, the 
SMT will contribute to or lead the creation of the 
prescribing information and the risk management 
plan. The day - to - day activities of the SMT will be 
reviewed by the line functions and there may be peri-
odic oversight by a senior company Safety Govern-
ance Board.  

Data Safety Monitoring Committees 
 During development the SMT and the Safety Gov-
ernance Board may also turn to others for advice. 
Data Safety Monitoring Committees (DSMCs) also 
known as Data Safety Monitoring Boards or Inde-
pendent Data Monitoring Committees are increas-
ingly common in pharmaceutical development  [14].  
They are set up to assess effi cacy and safety data 
independently of the sponsor while the trial is 
ongoing. They are created to protect the study par-
ticipants and they permit review of unblinded data 

World Health Organization 
 WHO is the directing and coordinating authority for 
health within the United Nations  [13] . It has respon-
sibility for providing leadership on global health 
matters, shaping the health research agenda, setting 
standards, articulating evidence - based policy options, 
providing technical support to countries, and moni-
toring and assessing health trends. The WHO set up 
the international collaborative programme on drug 
safety in 1968. The WHO has the Vigibase reporting 
system and a monitoring centre based in Uppsala, 
Sweden. The main activities of the centre are given in 
Box  11.4 .     

BOX 11.3    Key International Conference on 

Harmonisation ( ICH )  p harmacovigilance  i nitatives 

       E2A     Clinical Safety Data Management Defi nitions 

and Standards for Expedited Reporting  

  E2B(R3)     Implementation Guide for Electronic 

Submission of Individual Case Safety 

Reports, Data Elements and Message 

Specifi cation  

  E2C(R2)     Periodic Benefi t Risk Evaluation Report 

(formerly the Periodic Safety Update Report)  

  E2D     Post Approval Safety Data Management: 

Defi nitions and Standards for Expedited 

Reporting  

  E2E     Pharmacovigilance Planning: Note for 

Guidance on Planning Pharmacovigilance  

  E2F     Development Safety Update Reports  

  E6     Good Clinical Practice  

  E11     Clinical Investigation of Medicinal Products 

in the Paediatric Population  

  M1     MedDRA (the Medical Dictionary for 

Regulatory Activities) terminology     

BOX 11.4   The  a ctivities  u ndertaken by the World 

Health Organization ( WHO ) Pharmacovigilance 

Monitoring Centre 

        •      Co - ordinating the WHO programme for 

International Drug Monitoring  

   •      Collecting, assessing and communicating safety 

information  

   •      Collaborating in the development and practice of 

pharmacovigilance  

   •      Alerting regulatory authorities of member countries 

about potential drug safety problems     
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communicated adequately. Following evaluation of 
PV data, regulatory authorities across the world 
can require the following actions depending on the 
importance of the safety issue:
    •      continued monitoring of the product including 
routine PV activities and specialist safety studies;  
   •      variations to the marketing authorisation including 
revisions to the prescribing information and the risk 
management plan;  
   •      urgent safety restrictions leading to suspension, 
revocation or withdrawal of the marketing authorisa-
tion and/or recall of the medicinal product from the 
market.    
 The measures used need to be proportionate to the 
safety concern and the most appropriate and least 
stringent measure that will achieve the objective 
should be applied.   

Case handling,  expedited and 
periodic reporting

Defi nitions 
Adverse  events and adverse  drug reactions
 Per ICH guidelines E2A and E2D, an adverse event is 
any untoward medical occurrence in a patient or 
clinical trial subject administered a medicinal product 
and which does not necessarily have to have a causal 
relationship with this treatment. An adverse event can 
therefore be any unfavourable and unintended sign 
(including laboratory abnormalities), symptom or 
disease temporally associated with the use of the 
product whether or not considered related to the 
medicinal product. 

 An adverse drug reaction (ADR) is a response to a 
medicine that is noxious and unintended. Response 
in this context means that a causal relationship 
between the medicinal product and the event is at 
least a reasonable possibility. Hence, the key differ-
ence between the two terms is that for something to 
be considered an ADR, there has to be a suspected 
causal relationship. 

 For marketed products, clinical consequences as a 
result of medication error, off - label use, overdose, 
misuse and abuse are included under the defi nition 
of ADR.  

Serious adverse  event
 The criteria that make an adverse event serious 
according to ICH are given in Box  11.5 .   

without compromising the sponsor. When fi rst 
conceived DSMCs tended to be limited to large 
phase III pivotal registration studies in high 
morbidity/mortality indications. Their use has now 
expanded and they may be required in the following 
circumstances:
    •      where a study is conducted double blind;  
   •      where a study utilises irreversible endpoints, par-
ticularly death;  
   •      where a study involves signifi cant risk related to the 
agent, the disease or the population under study;  
   •      in situations where it is critical for the sponsor to 
remain blinded while also ensuring the validity and 
or safety of an ongoing study;  
   •      where there is a regulatory requirement, for 
example in an emergency setting.    

 The advantage of the DSMC is that it can perform 
an interim analysis of unblinded effi cacy and safety 
data without compromising the sponsor. Stopping 
rules may be employed in order to reassure the 
sponsor, regulators, investigators and patients that 
unnecessary risks are not being taken. The DSMC 
membership generally comprises a Chair experienced 
in the conduct of DSMCs, a statistician and a small 
number of experts in the fi eld. The DSMC is inde-
pendent of any steering committee and is typically 
supported by an independent statistical data analysis 
centre. It is the role of the analysis centre to take 
the blinded data from the sponsor and prepare the 
unblinded reports for the DSMC. The DSMC makes 
recommendations to the sponsor and its delibera-
tions are recorded and released to the sponsor at the 
end of the study. 

 For studies early in development some compa -
nies have advocated the creation of an internal 
DSMC. In many ways this mirrors a full DSMC 
but there is only relative independence. The internal 
DSMC consists of senior sponsor/company staff 
chosen for their expertise and functional independ-
ence from the study SMT. This approach is best suited 
to early phase studies and should not be used for later 
phase registration studies where absolute independ-
ence is a prerequisite.  

Regulatory governance
 Regulatory authorities control public access to medi-
cines and they can take various actions in response to 
emergent safety issues. It is important that safety 
signals are identifi ed as rapidly as possible and 
managed appropriately. The action taken should be 
appropriate to the issues identifi ed and should be 
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line listing should be accompanied by a concise 
summary of the evolving safety profi le of the IMP. ’  
The sponsor is also obligated to prepare and submit 
an annual development safety update report. 

 In the post - marketing phase, the MAH must 
ensure there is a system for PV in place to collect, 
record, evaluate and communicate safety informa-
tion. During this phase, outside of any studies or 
other organised data collection systems, MAHs are 
reliant on the voluntary reporting of possible adverse 
reactions by health care professionals and consumers. 
Such spontaneous reports are treated as possibly 
causally related to the medicinal product for expe-
dited regulatory reporting, in accordance with inter-
national guidelines. The MAH is also responsible for 
aggregate review of the new and emerging safety data 
and submission of a summary evaluation in the form 
of periodic safety update reports.  

Reporting of  ADRs
 International guidelines (ICH) require that an 
adverse event needs to be serious, suspected and 
unexpected (per the reference safety information) in 
order for it to be reportable in an expedited manner 
to regulatory authorities. The expedited reporting 
timeline is 15 calendar days from fi rst receipt (often 
referred to as Day 0) of a valid report. To be consid-
ered valid there must be a reporter, a medicine, a 
reaction and an identifi able patient. The only excep-
tion to these timelines is for certain life - threatening 
or fatal ADRs from clinical trials which must be 
reported within a more stringent timeline of 7 calen-
dar days. 

 The term  ‘ suspected ’  is intended to mean that there 
is a reasonable possibility that the event was caused 
by the medicinal product. For expedited reporting 
purposes, per ICHE2A, the expression  ‘ reasonable 
causal relationship ’  is meant to convey that there are 
facts (evidence) or arguments to suggest a causal rela-
tionship. Spontaneous reports are implicitly treated 
as suspected. 

 The  ‘ expectedness ’  of an event is determined by 
whether it is described in the reference safety infor-
mation for the product. For a pre - marketed product 
this would be in the IB. For a marketed product, this 
would be the prescribing information. Where the 
nature, severity or outcome of the ADR is not consist-
ent with the applicable product information, it is 
deemed to be unexpected. 

 The national legal requirements for ADR reporting 
may also differentiate between reports that occurred 
within the territory or outside of it. Generally, the 

 Medical and scientifi c judgement should be exer-
cised when assessing an important medical event. 
For example, events that jeopardise the patient or 
require intervention to prevent a serious outcome are 
included. Examples of such events are intensive treat-
ment in an emergency room or at home for allergic 
bronchospasm, convulsions that do not result in hos-
pitalisation or the development of drug dependency 
or drug abuse.   

Collection and collation of adverse  events
and ADRs ( pre -marketing and 
post-marketing)
 During the pre - marketing phase, there is a shared 
responsibility between investigators and sponsors to 
ensure the safety of patients taking part in clinical 
trials. Investigators are expected to report SAEs to the 
sponsor promptly. In the EU the requirement is to 
report such events within 24   h of awareness. Addi-
tionally, investigators must record non - serious 
adverse events (including laboratory abnormalities) 
in accordance with the protocol. It is incumbent on 
the sponsor to ensure appropriate recording of data 
which must be verifi ed by study monitoring in order 
to comply with ICH Good Clinical Practice (GCP) 
and ensure the validity and integrity of the safety 
data. The sponsor is responsible for assessing the 
incoming data, ongoing evaluation of benefi t and 
risk, and reporting suspected unexpected serious 
adverse reactions (SUSARs) to regulatory authorities, 
investigators and ethics committees as appropriate. 

 In Europe, there is the possibility of preparing a 
summary report for investigators rather than submit-
ting individual SUSARs. Per the clinical trial guide-
lines (Volume 10, CT - 3):  ‘ The information should be 
concise and practical. Therefore, whenever practica-
ble the information on SUSARs should be aggregated 
into a line listing of SUSARs in periods as warranted 
by the nature of the research/clinical development 
project and the volume of SUSARs generated. This 

BOX 11.5    The  c riteria for a  s erious  a dverse  e vent as 

 d efi ned by  ICH  

        •      Fatal  

   •      Life - threatening  

   •      Requires or prolongs hospitalisation  

   •      Involves persistent or signifi cant disability and/or 

incapacity  

   •      A congenital anomaly or birth defect  

   •      An important medical event     
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manufacturing quality department as required by 
ICHQ10; however, they should also be reviewed for 
any underlying or associated adverse events. 

 Product quality complaints can be a source of 
lack of effi cacy reports which are required to be col-
lected, reviewed and reported by PV guidelines 
and regulations. For example, in Europe, legislative 
guidelines require lack of effi cacy reports to be dis-
cussed in periodic reports and, for products used 
to treat life - threatening diseases, vaccines and con-
traceptives, such reports must also be expedited 
within 15 calendar days even in the absence of an 
associated ADR. 

 Most commonly, a mechanism exists to ensure 
information between the manufacturing quality 
department and the PV department is shared. This 
should not only allow individual reports with poten-
tial ADRs to be exchanged and entered in the safety 
database, but should also enable sharing of any clini-
cal fi ndings based on aggregate review of ADR data 
that might warrant further investigation by the man-
ufacturing quality group (e.g. ADRs associated with 
a particular product batch).  

Other reports
 Off - label use occurs when a product is intentionally 
used for an unlicensed indication. While MAHs do 
not encourage or endorse off - label use, there are 
occasions when this comes to their attention, often 
through an ADR report or a medical information 
enquiry. Reports of actual off - label use should be 
discussed in the PSUR and the potential for off - 
label use needs to be considered and described in 
the RMP. 

 Reports of overdose, misuse or abuse are another 
category of reports that are required to be collected. 
Misuse and abuse warrant further explanation. 
Misuse is not formally defi ned in ICH. However, 
it refers to a situation when a medicinal product is 
used for a purpose, or in a manner or dose contrary 
to the way it was prescribed or when a person takes 
a product not prescribed for them. Abuse is defi ned 
as  ‘ persistent or sporadic, intentional excessive use of 
medicinal products which is accompanied by harmful 
physical or psychological effects ’  in European PV 
legislation. 

 Per Module VI of the new European GVP Guide-
lines, where reports of off - label use, overdose, misuse 
or abuse constitute safety issues impacting the 
risk – benefi t balance of the medicinal product, they 
must be notifi ed to the Regulators as emerging safety 
issues. 

requirement for reports from the domestic territory 
tends to be more demanding than for those from 
elsewhere.  

Coding of adverse  events
 The Medical Dictionary for Regulatory Activities 
(MedDRA)  [15]  is the established common standard 
used for classifying and coding adverse event data and 
is used for both clinical trial and post - marketing 
reports. This ensures industry and regulatory author-
ities are able to exchange and analyse adverse event 
information. MedDRA was developed by ICH and is 
owned by the International Federation of Pharma-
ceutical Manufacturers and Associations acting as 
trustee for the ICH steering committee. The Mainte-
nance and Support Services Organization maintains 
and distributes MedDRA. 

 One of the signifi cant advantages of standardisa-
tion is the reproducibility of data. This is further 
aided by the availability of Standardised MedDRA 
Queries. These were developed jointly by ICH and 
CIOMS to facilitate retrieval of MedDRA coded data 
as a fi rst step in investigating drug safety issues. 
Standardised MedDRA Queries group terms from 
one or more MedDRA System Organ Classes related 
to a defi ned medical condition or area of interest. 

 MedDRA is the most widely used coding system in 
the ICH regions but there are alternatives. The WHO 
Adverse Reaction Terminology is another system for 
coding adverse event data. This is commonly known 
as WHO - ART and is used by the WHO, which has 
the largest database of ADRs (7 million at the time of 
writing). Per the WHO Uppsala Monitoring Centre 
website, all WHO - ART preferred terms have been 
mapped to the corresponding terms in MedDRA. 
This mapping acts as a bridge between the two ter-
minologies making it possible to connect the data 
coded in WHO - ART to data coded in MedDRA for 
reporting or analysis.  

Collecting,  analysing and reporting
product  quality complaints and 
associated adverse  events
 In the post - marketing arena, a possible source of 
adverse event data is via product quality complaints. 
Here the consumer or health care professional con-
tacts the MAH to report a perceived problem with the 
quality of the product. For example, the reporter may 
state that the product looks, smells or tastes different 
from usual, they may report a problem with the label-
ling or packaging, or they may simply state  ‘ it doesn ’ t 
work ’ . These reports are investigated for defects by the 
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Submitting to the FDA 
 The FDA requires that ADR reports for products 
licensed in the USA should be expedited within 15 
calendar days if they are serious and unexpected 
according to the US Prescribing Information. 
For unli censed products, which are under an investi-
gational new drug (IND) application, the FDA 
requires individual reports of SUSARs to be expe-
dited within 7 or 15 calendar days depending on the 
serious ness criteria. Details are found in 21CFR 
312.32 which also includes requirements for expe-
dited reporting of cases from specifi c aggregate analy-
ses suggesting signifi cant risks in humans and from 
fi ndings related to an increased rate of occurrence of 
serious ADRs.   

Periodic  reporting
 Individual reports alert regulators to serious and 
unexpected events as they happen. Periodic reports 
summarise and evaluate the data over a defi ned 
period of time. Different authorities have adopted 
different content, format and timing for periodic 
reporting and ICH has attempted to standardise the 
approach with the PSUR for marketed drugs and the 
more recent DSUR for IMPs. 

 Additionally, the potential for overdose, off - label 
use, misuse and abuse and their risks needs to be 
reviewed in the PSUR and RMP. 

 Finally, pregnancy reports represent an important 
category for heightened vigilance. The MAH is 
expected to diligently follow up all pregnancy reports 
received where the fetus may have been exposed to 
product. This may have occurred  in utero  through 
maternal exposure or through transmission of 
medicinal product via semen following paternal 
exposure. All pregnancy outcomes should be de -
scribed in the PSUR. Where there is an abnormal 
outcome or serious ADR, the reports qualify for expe-
diting reporting.  

Expedited individual case safety reports

Submitting to the MHRA and the  EMA
 There are requirements for reporting individual case 
safety reports from both post - marketing and pre -
 marketing sources. For post - marketing (spontane-
ous) reports, until recently, the expedited reporting 
requirements for both MHRA and EMA included 
only those ADR reports verifi ed by a health care pro-
fessional; however, as of July 2012 this was expanded 
by the new legislation to include consumer reports. 
Both the MHRA and the EMA have 15 calendar 
day reporting timelines for expediting the relevant 
reports, with the clock starting from the date of fi rst 
receipt of a valid case. For clinical trials, unexpected 
life - threatening or fatal ADRs have to be submitted 
within 7 calendar days. Both MHRA and EMA 
require reports to be submitted electronically in E2B 
format. The reporting requirements are shown in 
Box  11.6 .   

 In Europe, the legislation differentiates reporting 
of serious ADRs from clinical trials depending on 
whether they are interventional or non - interventional. 
Defi nitions can be found in the Clinical Trial Direc-
tive 2001/20/EC and the Clinical Trial guidelines in 
Eudralex Volume 10. For MHRA, where interven-
tional clinical trials are being conducted in the UK, 
all SUSARs with the same IMP from any interven-
tional trials must be expedited regardless of where 
they occurred. For EMA, all SUSARs from interven-
tional clinical trials must be expedited by the sponsor 
for investigational products with at least one clinical 
trial site in the EU, regardless of where the SUSAR 
occurred. 

 Non - interventional clinical trials are governed by 
the new European GVP Guidelines and are the same 
as described for spontaneous reports.  

BOX 11.6    Criteria for  e xpediting  s pontaneous 

 r eports 

    The Medicines and Healthcare products Regulatory 

Agency (MHRA) requirements for UK licensed 

products during the Interim period 

(EMA/321386/2012):

    •      Serious reports originating from within the UK  

   •      Serious reports from within the European Economic 

Area (EEA) for products where the UK is the 

Reference Member State (RMS)/ Rapporteur  

   •      Serious reports from within the EEA with a black 

triangle product  

   •      Serious unexpected reports from outside the EEA    

 The European Medicines Agency (EMA) requirements 

for EEA licensed products during the Interim period 

(EMA/321386/2012):

    •      Serious reports originating from within the EEA. 

These reports can be submitted to the EMA by the 

Member State where the reaction occurred or by the 

MAH directly depending on the member state 

requirement  

   •      Serious reports from outside the EEA  

   •      NB: Non - serious ADRs from within EEA will be 

required after the interim period ( ∼ 2016)     



244 Chapter 11 

Development Safety Update Report 
 The DSUR was created by ICH E2F  [16].  It proposes 
a common standard for periodic reporting of drugs 
under development including marketed medicines 
undergoing further study. The DSUR replaces the 
US IND Annual Report and the EU Annual Safety 
Report. The DSUR is a concise annual report to regu-
latory authorities and others intended to summarise 
the evolving safety profi le of a potential new medi-
cine. The main focus is on interventional clinical 
trials but it can also include post - marketing studies 
and may overlap with the PSUR. A single DSUR is 
produced per active substance and the sponsor of 
a clinical trial is considered responsible for the prep-
aration, content and submission of the DSUR. If 
more than one sponsor is involved the parties are 
expected to arrange for a single DSUR but allowance 
is made for separate DSURs in exceptional circum-
stances, for example, when different parties are inves-
tigating different indications or formulations. The 
DSUR is intended to summarise, evaluate and 
compare new safety information with the existing 
safety profi le for the product described in the IB. The 
DSUR also summarises the current understanding 
and management of identifi ed and potential risks and 
gives an update on the clinical investigation pro-
gramme and study results. The DSUR must be sub-
mitted no later than 60 calendar days after the data 
lock point. Box  11.7  shows the section headings for a 
DSUR. In preparing the DSUR allowance is given for 
situations where no information is available or is not 
applicable.    

Periodic Safety Update Report 
 The PSUR was created by ICH E2C and the contents 
are shown in Box  11.8 . The most recent version, 
E2C(R1)  [17] , includes an Addendum which was 
incorporated into the parent guideline in November 
2005. The PSUR presents the worldwide safety expe-
rience of a medicinal product at defi ned times post -
 authorisation. The MAH is responsible for submitting 
the PSUR and generally one report is prepared per 
active substance. Fixed combinations may be included 
or they may be reported in a separate PSUR. The 
PSUR contains clinical and non - clinical safety data 
for the period of the report including cumulative 
adverse reaction data. The International Birth Date is 
the date of the fi rst marketing authorisation in any 
country and is used to determine the data lock point 
for the PSUR. Submission of the PSUR must occur 
within 60 days of the data lock point but the need for 
the report and the reporting frequency will vary from 

BOX 11.7    Contents of a Development Safety Update 

Report ( DSUR ) 

   Layout     Section headings  

  Title Page      

  Executive Summary      

  Table of Contents      

      Introduction  

      Worldwide Marketing 

Approval Status  

      Actions Taken in the Reporting 

Period for Safety Reasons  

      Changes to Reference Safety 

Information  

      Inventory of Clinical Trials 

Ongoing and Completed 

during the Reporting Period  

      Estimated Cumulative 

Exposure  

      Data in Line Listings and 

Summary Tabulations  

      Signifi cant Findings from 

Clinical Trials during the 

Reporting Period  

      Safety Findings from 

Non - interventional Studies  

      Other Clinical Trial/Study 

Safety Information  

      Safety Findings from 

Marketing Experience  

      Non - clinical Data  

      Literature  

      Lack of Effi cacy  

      Region - Specifi c Information  

      Late - Breaking Information  

      Overall Safety Assessment  

      Summary of Important Risks  

      Conclusions  

  Appendices to the 

DSUR
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1.     summary bridging reports used when several 
PSURs are appended and  
2.     addendum reports used when safety information 
is requested outside the usual International Birth 
Date cycle.    
 The addendum also included an executive summary 
to be placed after the title page and offered guidance 
on including risk management programmes and a 
more detailed benefi t – risk analysis.  

Periodic  post-marketing  safety reports in the USA
 The FDA may grant a waiver which allows the sub-
mission of the PSUR format in lieu of a periodic 
report as described in the regulations. Where no 
waiver exists the  ‘ traditional ’  periodic adverse drug 
experience report (PADER) format is required  [18].  
This must be submitted quarterly for the fi rst 3 years 
and annually thereafter unless an alternate schedule 
is requested by FDA. The PADER should contain:
    •      a narrative summary and analysis of the informa-
tion in the report and an analysis of the 15 - day alert 
reports submitted during the reporting interval;  
   •      an FDA (safety reporting) form 3500A for each 
spontaneously reported adverse experience occurring 
in the US that was not reported as a 15 - day alert 
report;  
   •      a history of actions taken since the last report 
because of adverse experiences including safety 
related labelling changes, targeted safety studies and 
a summary of other actions taken (e.g. the sending of 
a Dear Healthcare Provider Letter).    
 However, if there have been no adverse experiences 
in the time period involved and no safety related 
regulatory actions the report can simply state this and 
be submitted together with a copy of the current US 
labelling.  

Periodic Benefi t –Risk Evaluation Report 
 In 2012, a replacement for the PSUR, the Periodic 
Benefi t – Risk Evaluation Report (PBRER) was signed 
off as a fi nal version of the Guideline by the ICH E2C 
(R2) Expert Working Group and the ICH Steering 
Committee  [19] . The next step is adoption by indi-
vidual regulatory authorities according to whatever 
their local procedures and timelines allow. Module 
VII of the new European Pharmacovigilance Legisla-
tion was written in anticipation of the PBRER and 
the EU will be a fast adopter whilst the FDA may be 
willing to accept waiver requests now ICH has pub-
lished the document. The impetus for the PBRER 
refl ects a move to cumulative review and combined 
benefi t and risk evaluation. The philosophy has much 

country to country. The purpose of the PSUR is to 
report new safety information, to review the safety 
profi le of the product and to indicate if changes are 
needed to the product information. The Company 
Core Data Sheet (CCDS) contains the Core Safety 
Information (CSI) which is used as the reference 
safety information. For the purposes of the PSUR the 
concept of listedness is used. Listedness assessments 
are made against the CSI in much the same way that 
expectedness assessments are made against the local 
label for expedited reporting.   

 The original ICH E2C guideline was written fol-
lowing the recommendations of CIOMS II and the 
addendum was written following CIOMS V. The 
addendum was written to provide further clarifi ca-
tion. Guidance was given on:

BOX 11.8    Contents of a Periodic Safety Update 

Report ( PSUR ) 

   Layout     Section headings  

  Title Page      

  Table of Contents      

      Introduction  

      World - wide market 

authorisation status  

      Update of regulatory authority 

or MAH actions taken for safety 

reasons  

      Changes to Reference Product 

Information  

      Patient exposure  

      Presentation of individual case 

histories (including line listings 

and summary tabulations usually 

provided at the end of the 

PSUR)

      Studies  

      Other information  

      Overall safety evaluation  

      Conclusion  

  Appendix: 

Company Core 

Data Sheet  
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there will generally be a single PBRER per active 
substance.    

Signal detection and 
signal evaluation

Defi nition of a  signal
 The CIOMS VI Working Group offered the following 
defi nition of a signal:  ‘ A report or reports of an event 
with an unknown causal relationship to treatment 
that is recognised as worthy of further exploration 
and continued surveillance ’   [21].  Put simply, it is an 
adverse event that on further review could turn into 
an adverse drug reaction. The modern practice of PV 
focuses on compliance, proactive PV and optimisa-
tion of life cycle benefi t and risk. Signal management 
as shown in Figure  11.1  is a downstream activity that 
spans proactive PV and risk management. Signals 
may come from preclinical development, particularly 
from safety assessment or from human exposure in 
either the development or the marketed phase. Pub-
lished literature is also an important source of signals 
and manufacturers have an obligation to include lit-
erature in their search strategies. 

 Common drug - related events include but are not 
limited to anaphylaxis, serious skin reactions, hepa-
toxicity, QT prolongation, agranulocytosis, acute 
renal failure and seizure. In fact, medicines can cause 
adverse reactions in any body system ranging in 
severity from the relatively benign to severe and life -
 threatening. At one end of the continuum might be 
dizziness or nausea and at the other end myocardial 
infarction or cancer. The reactions are often divided 
into Type A, which are predictable from pharmacol-
ogy (e.g. ankle oedema with calcium antagonists) and 
Type B, which are idiosyncratic (e.g. penicillin aller-
gies)  [22].  Type A reactions are usually picked up in 
clinical trials. The idiosyncratic reactions are much 
rarer and are usually discovered as a result of sponta-
neous reporting after many thousands of patients 
have received a new medicine. The weakness of spon-
taneous reporting is that it is voluntary and as a result 
there is considerable under - reporting and possible 
bias (e.g. media attention, which can skew reporting 
patterns).  

Principles of causality assessment and 
causality algorithms
 Although single cases are seldom suffi cient to identify 
an ADR, causality assessments can be used in the 
investigation of a suspected ADR. Many descriptors 

in common with the DSUR and RMP and there is the 
potential for these reports to share the same data. The 
PSUR was in many ways a signal detection tool before 
the advent of the new more automated methodolo-
gies and focused on a review of safety issues in the 
context of patient exposure. In the PBRER there is a 
greater emphasis on pro - activity. Individual line list-
ings and case narratives are not routinely required, 
aggregate review is fundamental to the concept and 
the emphasis is on a more holistic assessment of 
benefi t and risk. 

 The PBRER will have an executive summary and 
the subsequent section headings proposed by ICH are 
shown in Box  11.9   [20] .   

 PBRERs are required to be submitted within 70 or 
90 calendar days of the data lock point, depending on 
the length of the reporting period and like the PSUR 

BOX 11.9   Section  h eadings  p roposed by  ICH  in the 

Periodic Benefi t – Risk Evaluation Report ( PBRER ) 

        •      Introduction  

   •      Worldwide Marketing Approval Status  

   •      Actions Taken in the Reporting Interval for Safety 

Reasons  

   •      Changes to Reference Safety Information  

   •      Estimated Exposure and Use Patterns  –  Clinical 

Trials and Marketing Experience  

   •      Data in Summary Tabulations  –  Reference 

Information, Cumulative SAEs from Clinical Trials 

and Tabulations from Post - Marketing Data Sources  

   •      Summaries of Signifi cant Findings from Clinical 

Trials during the Reporting Period  

   •      Findings from Non - Interventional Studies  

   •      Information from Other Clinical Trials and Sources  

   •      Non - Clinical Data  

   •      Literature  

   •      Other Periodic Reports  

   •      Lack of Effi cacy in Controlled Clinical Trials  

   •      Late - Breaking Information  

   •      Overview of Signals: New, Ongoing, or Closed  

   •      Signal and Risk Evaluation  –  Summary of Safety 

Concerns, Signal Evaluation, Evaluation and 

Characterisation of Risks, Effectiveness of Risk 

Minimisation  

   •      Benefi t Evaluation  –  Baseline and New Effi cacy/

Effectiveness Information, Characterisation of 

Benefi ts  

   •      Integrated Benefi t - Risk Analysis for Approved 

Indications  –  Context, Medical Need, Alternatives, 

Evaluation  

   •      Conclusions and Actions  

   •      Appendices     
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product when evaluating causality for expedited 
reporting or for signal detection, evaluation and 
product information updates.  

Approaches to  signal management
 Traditional signal management by the safety physi-
cian concentrates on real time medical review when 
the case is received coupled with later review of 
cumulative event listings. The intention being to 
identify those safety concerns that warrant further 
evaluation based on frequency, seriousness and bio-
logical plausibility. In recent times this has been sup-
plemented by a more structured approach. Because 
the volume of case reports is ever increasing, PV has 
started to embrace new methodological approaches. 
CIOMS VI advocated the role of the cross - functional 
SMT and CIOMS VIII addressed the practical aspects 
of signal detection and included an enhanced defi ni-
tion of a signal. However, regardless of the approach 
taken, once a signal is deemed worthy of full evalua-
tion there is no substitute for individual case review 
and expert judgement.  

Methodologies for signal detection
 Data mining (extraction of information) or dispro-
portionality analysis (identifi cation of imbalances) 
was originally developed for spontaneous data. 
Clinical trials are well controlled, incidence can be 
calculated using accurate medication records and 
comparisons can be made. This is not the case for 
spontaneous reports. The amount of drug sold is 
known but compliance is uncertain and not absolute. 
For spontaneous data, the accepted method of analy-
sis is to use differences in adverse event reporting 
frequencies between the medicine of interest and the 
rest of the data set. Various methodologies are avail-
able using classic or Bayesian statistics but in essence 
they all compare the frequency of a specifi c drug –
 adverse event combination against the background of 
all other drugs and events. This approach is illus-
trated in Figure  11.2 .   

 The aim is to detect the over - reporting of events as 
early as possible in order to identify signals. These are 
evaluated in order to assess causality. Commercial 
offerings of these tools are available and they are 
in wide use within companies and at regulatory 
agencies.  

Observational data
 The latest development in signal detection methodol-
ogy is the increasing use of observational databases. 
Combining electronic health records and insurance 

are given to help report the degree of causality 
between a medicinal product and an individual event, 
such as certainly, defi nitely, probably, possibly or 
likely related or not related. Other examples of termi-
nology in use are, reasonable possibility of a relation-
ship and plausible relationship; however, there is 
currently no standard international nomenclature. 

 There are a number of different methods used to 
judge causation which, broadly, fall into three catego-
ries  [23,24] :
1.     expert judgement and global introspection;  
2.     probabilistic methods (Bayesian approaches); and  
3.     use of algorithms.    

 Expert judgements are individual assessments 
based on previous knowledge and experience. These 
decisions are based on subjective judgement and 
suffer from poor reproducibility and differences of 
opinion between individual specialists  [25 – 29].  Prob-
abilistic methods are usually regarded as the most 
rigorous  [30].  The probabilistic approach is based 
on Bayes ’  theorem and makes it possible to assess 
the probability (or odds) of drug causation directly. 
However, these methods can also present diffi culties 
as information for assessing the probability (or odds) 
of drug causation is not usually available. Algorithms 
are sets of specifi c questions with an associated score 
for calculating the likelihood of a cause – effect rela-
tionship (e.g. the algorithm of Naranjo)  [31].  They 
are simpler to use and may lead to more consistency 
of assessment  [32,33].  

 As a result of problems with reproducibility and 
validity, there is still no method universally accepted 
for causality assessment of ADRs. Regardless of the 
method used, there are a number of factors that need 
to be considered (Box  11.10 ).   

 It is usual for the PV physician or specialist to use 
their experience, judgement and knowledge of the 

BOX 11.10    Factors to  b e  c onsidered in a  c ausality 

 a ssessment 

        •      The temporal relationship of the event with the 

administration of medicinal product  

   •      Effects of any dechallenge/rechallenge (stopping and 

restarting the medicine)  

   •      Past medical history or other personal risk factors  

   •      Other causes which may explain the adverse drug 

reaction (e.g. concomitant medications)  

   •      Previous experience with the medicinal product and 

background incidence of the reaction in the disease 

group     
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new medicine and is it still reasonable for a medicine 
to remain as a marketed product as new safety infor-
mation becomes available? These decisions are the 
responsibility of the sponsor company, the regulatory 
authority and, once the medicine is marketed the 
ultimate decision is taken by the prescriber and the 
patient. 

 Each group has a slightly different decision to 
make, but all must satisfy themselves that the benefi t –
 risk balance of the product is favourable. The 
company must see evidence that that the product 
meets an unmet need and will be desirable to patients 
and health care providers. In parallel, regulatory 
authorities have a public health remit. The decision 
of the regulatory authorities will be based on a desire 
to improve health care while protecting the public 
from harm. Regulators ’  considerations may include, 
for example, the health benefi ts to a segment of the 
population versus the potential damage if a medicine 
is used in ways that are not indicated by the prescrib-
ing information. Ultimately, the decision to allow 
marketing of the product rests with the regulator. If 
the product is approved, the fi nal decision for its use 
lies with the health care provider and the patient. This 
decision will be informed by the data provided by the 
company and the regulator and there is a growing 
interest on the part of companies and authorities 
in providing patients and health care providers 
with better information for patient specifi c decision 
making. 

 The unifying factor that drives all assessments is 
evaluation of evidence but there may be differing 
views on the relative importance of different pieces 
of information and as a result different conclusions 
may be reached. One proposed hierarchy of evidence 
has been put forward by Sackett  [34,35].  He places 
individual case reports below case – control studies 
with randomised controlled studies higher up and 
meta - analysis and systematic reviews at the top. Some 
view the place of meta - analysis in safety data evalua-
tion as more controversial and this is being consid-
ered by the ongoing CIOMS X Working Group.  

  Methodologies 
 To improve decisions and make them more trans-
parent there is an increasing focus on developing 
approaches to integrate benefi t and risk so that they 
can be compared more directly with one another. 
Many methodologies exist that are based on decision 
analysis theory. The usefulness of the approach is 
fi rst and foremost its framing. Ensuring that the 
right questions are being addressed in a clear and 

claims databases (designed for recording medical 
service payments) gives access to many millions of 
patient lives. This offers a rich data set to study the 
natural history of conditions, the use of drugs includ-
ing in special populations together with data mining 
of drug – event pairs for identifi cation or confi rmation 
of signals. This type of approach has the potential to:
    •      better understand diseases;  
   •      better understand how drugs are used;  
   •      evaluate off - label use;  
   •      evaluate signals detected elsewhere;  
   •      follow signals over time;  
   •      evaluate issues raised by regulatory authorities;  
   •      document compliance with risk reduction 
strategies.    

 Individual cases are seldom suffi cient to establish 
causality and this is refl ected in the evolution of 
signal detection approaches from individual to aggre-
gate case review. Approaches are now available to help 
guide proactive PV from the time of candidate selec-
tion through to the end of life cycle. The likely con-
sequences are more informed labelling and better risk 
management.   

  Benefi t –  r isk  e valuation 

  Context 
 Medicines development and marketing requires the 
ongoing evaluation of benefi t and risk as data accu-
mulate. CIOMS IV recognised this when it published 
its report in 1999. Is it appropriate to do a fi rst study 
in humans? Is it reasonable to enter full development? 
Is it appropriate to seek the marketing approval of a 

     Figure 11.2     A statistical approach to signal detection. A 

signal arises and is likely to need further evaluation if the 

event of interest is reported signifi cantly more frequently 

for the index drug [A/A + B] in comparison to the reporting 

frequency of the same event for all other drugs in the 

database [C/C + D].  

Event of

interest

All other 

Events 

Index Drug All other Drugs

A C

B D
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Personalised  medicines
 By its very nature new medicines development 
focuses on cohorts of patients to establish benefi t and 
to describe risk. In the classic randomised controlled 
trial, groups of patients are compared to establish 
statistical and clinical signifi cance. Adverse reactions 
for marketed products are also described in terms of 
frequency using the following CIOMS nomenclature; 
very common ( ≥ 1/10), common ( ≥ 1/100 to  < 1/10), 
uncommon ( ≥ 1/1000 to  < 1/100), rare ( ≥ 1/10,000 to 
< 1/1000) and very rare ( < 1/10,000). The limitation of 
this approach comes with establishing the relevance 
for an individual patient. Ideally, a patient needs an 
individualised benefi t and risk assessment. Genetics 
offers one method for learning more about the indi-
vidual response to medicines. Abacavir, a treatment 
for patients with HIV infection, provides a good 
example. The medicine is associated with severe 
and possibly fatal hypersensitivity reactions. The 
PREDICT  –  1 study helped to establish that the risk 
is predominantly in those with the HLA B * 5701 
genetic type  [37].  As a result treatment guidelines 
were changed and by avoiding treatment in HLA 
B * 5701 patients the number of reported cases of 
severe hypersensitivity reactions with abacavir has 
declined. This shows the success of one risk minimi-
sation approach. Further examples will no doubt 
follow but regardless of the scientifi c advances there 
are other dimensions to consider. Individual risk per-
ception will always be infl uenced by a number of 
social factors. Personal perception of risk, the experi-
ence of others and the infl uence of the media all have 
a role and cannot be ignored.   

Labelling and risk
management planning

Labelling
 The primary vehicle for communicating with pre-
scribers and patients is labelling. This consists of 
prescribing information, patient information and 
pack information. Companies draft a CCDS which 
states the company ’ s medical and scientifi c position 
regarding the safe and effective use of a product, 
active ingredient or device. The CCDS defi nes the 
following:
    •      Maximum effi cacy claims that can be made for a 
product in any market.  
   •      Minimum essential safety information that must 
be included in prescribing and, where applicable, 
consumer information worldwide. This is the real 

thoughtful manner is critical to getting valuable 
output from the analysis. The multicriteria decision 
analysis (MCDA) approach is one of three quantita-
tive approaches recommended in the Work Package 
2 report from the EMA Benefi t – Risk methodology 
project  [36].  As described in the report, MCDA uses 
scoring to measure the value of various options and 
swing weighting to ensure that the units of value are 
comparable in their relative importance to one 
another. In part it combines options into one overall 
evaluation so that the added value of benefi ts can be 
compared with the lost value of risks. The other 
methods recommended in the report are Bayesian 
statistics and decision trees and infl uence/relevance 
diagrams. Bayesian approaches allow prior informa-
tion to inform the user ’ s level of confi dence in the 
occurrence of future events. Decision trees and 
infl uence/relevance diagrams are decision analytical 
tools that allow users to map and quantitatively 
analyse the relationships between factors that are 
important in making a decision. Other approaches 
which set out to produce a single metric, or a series 
of metrics, in order to make it easier to integrate 
measures of benefi t and risk include various com-
parisons of proportions, such as absolute risk dif -
ference, relative risk reduction, benefi t - less - risk, 
benefi t   :   risk ratios, risk benefi t contours and number 
needed to treat/number needed to harm. Approaches 
that borrow from health economic benefi t measures 
using variations of the quality of life approach include 
Incremental Net (Health) Benefi ts and Quality -
 Adjusted Time Without Symptoms of Disease or 
Toxicity of Treatment (Q - TWiST). These methods 
provide the advantage of some weighting based on 
patient impact, but require access to the appropriate 
quality of life information. 

 To make the results easier to comprehend efforts 
are underway to produce visual representations of 
benefi t and risk. The PhRMA BRAT framework, for 
example, includes a forest plot visualisation of abso-
lute risk difference or relative risk with confi dence 
intervals for key benefi ts and risks. EMA are consider-
ing a similar plot of differences, as well as added value 
bar graphs showing benefi t and safety. 

 Work is ongoing in regulatory agencies and there 
are many collaborative efforts to evaluate appropri -
ate methods of benefi t – risk evaluation. One of the 
major challenges with all these methods is fi nding 
appropriate common units for events that may 
impact patients very differently in both timing and 
severity. In all likelihood there will be no  ‘ one size fi ts 
all approach ’ .  
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If an adverse reaction is included in the labelling then 
it becomes an expected event for the purposes of 
reporting and evaluation. Expected events are known 
about and recognised as something that can be 
caused by the medicine. Unexpected events are new 
fi ndings that are worthy of further evaluation. 

 Safety information which is included in Section 4 
of the European SmPC is broken down into the sub-
headings shown in Box  11.11 . The prescribing infor-
mation is then adapted using appropriate patient 
friendly language in order to create the patient infor-
mation leafl et as shown in Box  11.12 .    

world application of the CSI concept proposed by 
CIOMS III.  
   •      Supported dose forms    

 The CCDS is the primary source from which all 
country or regional product information must be 
derived and it is used as the basis for negotiation with 
regulatory authorities. Ultimately, the information 
provided with the product is that which has been 
negotiated and approved by the regulators and it may 
contain a more restricted indication than proposed 
by the company or additional safety information 
going beyond CSI if the regulator deems this neces-
sary for their market. To oversee the CCDS process 
many companies will have a senior company Label-
ling Governance Board which:
    •      validates the information proposed for inclusion in 
labelling;  
   •      applies specialist labelling knowledge to ensure that 
product information is as informative as possible to 
prescribers and patients;  
   •      ensures consistency of company labelling philoso-
phy across products and therapeutic areas for new 
and established medicines.    

 The CCDS is the platform for risk management 
activities and is the primary route for the PV function 
to communicate adverse reaction information. A new 
CCDS is created with the fi rst licence submission and 
subsequent updates to the label are made when safety 
issues are identifi ed during signal evaluation activi-
ties. Safety physicians and safety scientists alone or as 
part of a SMT propose information for inclusion in 
the CCDS. This is reviewed by the Labelling Govern-
ance Board and if accepted the new or revised CCDS 
is approved. This is then submitted to the regulatory 
authorities in each country where the product is mar-
keted. The CCDS is a living document which ensures 
that when new safety issues are identifi ed they are 
communicated consistently in all markets. 

 The labelling template in different markets may 
vary. For example, the package insert in the USA 
differs from the Summary of Product Characteristics 
(SmPC)  [38]  in Europe but each conveys information 
for the safe and effective use of the product. Certain 
sections focus on safety particularly Contraindica-
tions, Precautions and Warnings and Undesirable 
Effects (Adverse Reactions). Contraindications are 
situations in which the product should never be used. 
Precautions and Warnings describe specifi c measures 
that can be taken to monitor or reduce risk in all 
patients or in specifi c subgroups. Undesirable Effects 
(Adverse Reactions) describe events that have a rea-
sonable possibility of being caused by the medicine. 

BOX 11.11    The  c ontents of Section 4 of the 

European Summary of Product Characteristics 

(SmPC) 

4.1     Therapeutic indications  

4.2     Posology and method of administration  

4.3     Contraindications  

4.4     Special warnings and precautions for use  

4.5     Interaction with other medicinal products and 

other forms of interaction  

4.6     Fertility, pregnancy and lactation  

4.7     Effects on ability to drive and use machines  

4.8     Undesirable effects  

4.9     Overdose     

BOX 11.12    The  c ontents of the  p atient  i nformation 

 l eafl et 

        •      What the medicine is and what it is used for  

   •      (information you should know) Before you take the 

medicine

   •      How to take the medicine  

   •      Possible side effects  

   •      How to store the medicine  

   •      Further information (on the active substance and 

the packaging)     

Risk management planning
Minimising risk
 As the science of PV evolves, increasing focus has 
been placed on managing risk proactively. The sim-
plest form of risk management is the provision of 
traditional written prescriber and patient informa-
tion. It is clear this is not suffi cient for some products. 
Prescribers and patients may not read the complete 
information and if they do it may not be obvious to 
them what poses the greatest risk. As a result some 
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cally available summary. The new EU RMP contains 
the following section headings  [40] :
    •      Product Overview;  
   •      Safety Specifi cation;  
   •      Pharmacovigilance Plan;  
   •      Plans for Post Authorisation Effi cacy Studies;  
   •      Risk Minimisation Measures (including evaluation 
of the effectiveness of risk minimisation measures);  
   •      Summary of the EU - RMP;  
   •      Annexes.    
 The template for the EU RMP is available on the EMA 
website.  

Risk evaluation and mitigation strategies 
 The modern approach to risk management in the USA 
started with RiskMAPs. This was a strategic safety 
programme designed to meet specifi c goals and objec-
tives in minimising known risks of a product while 
preserving its benefi ts. REMS replaced RiskMAPs in 
March 2008. REMS carry sanctions for sponsors who 
are non - compliant. They focus particularly on risk 
minimisation activities and place less emphasis on the 
background and detail of risks. The goal of a REMS is 
to ensure that the benefi ts of a drug outweigh the risks. 
REMS can be required pre -  or post - marketing and 
each is tailored to address actual or potential risks 
using one or more of the following components:
    •      A Medication Guide (MedGuide) which is pro-
vided with the medication.  
   •      A more proactive Communication Plan.  
   •      Elements to Assure Safe Use (ETASU) and a plan 
for how these will be implemented. For example, edu-
cation, certifi cation, restricted use or registries.  
   •      REMS Assessments and a timetable for submitting 
these. Typically at 18 months, 3 years and 7 years or 
yearly if there is an ETASU.    
 Originally, medication guides were considered a com-
ponent of REMS but in the most recent guidance 
from FDA medication guides can be distributed sepa-
rately from a REMS. 

 It is important to note that REMS can be modifi ed 
at any time. If new safety information becomes avail-
able, the REMS components may be revised, which 
may include, but is not limited to, changes to materi-
als that are included as part of the REMS, modifi ca-
tions to the timetable for submission of assessments 
and elimination of elements of the REMS. 

 Regardless of the approach taken with a RMP in 
any market, the intention is simple. Benefi t should be 
optimised and risk should be identifi ed and mini-
mised by whatever practical method is most appro-
priate. Practicality should not be underestimated; an 

products need advanced risk management. There are 
two main approaches:
    •      Enhanced communication.  
   •      Guidance on or restriction of use.    

 Enhanced communication can be through general 
communication strategies including letters to doctors 
(Dear Healthcare Provider Letters), publications and 
advertising or by specifi c education and outreach 
programmes including patient medication alert 
cards. The second approach is by guidance on or 
restriction of use. This includes systems guiding 
prescribing, dispensing and use (e.g. medicines 
requiring a pregnancy test before use or liver function 
test monitoring). The more stringent approach is 
restricted access or distribution control often requir-
ing that doctors or pharmacists are specifi cally regis-
tered before they can prescribe or dispense a unique 
medicine. Commonly quoted examples of medicines 
with stringent risk management plans include 
clozapine, isotretinoin, thalidomide and, recently, 
natalizumab.  

European  risk management plans
 ICH E2E  [39]  provided the impetus for risk manage-
ment in 2004 and led to the requirement for com-
pulsory European Risk Management Plans from 
November 2005. In parallel the FDA developed Risk 
Minimisation Action Plans (RiskMAPs) and more 
recently Risk Evaluation and Mitigation Strategies 
(REMS). ICH E2E proposed a structure consisting of 
the Safety Specifi cation and the Pharmacovigilance 
Plan and included an Annex of Pharmacovigilance 
Methods. The purpose of the Safety Specifi cation is 
to provide a summary of the important identifi ed 
risks for a medicine, important potential risks and 
important information that is missing including 
potentially at - risk populations and situations where 
there is likely to be use of a product that has not been 
studied before licence approval. The Pharmacovigi-
lance Plan which follows was proposed to describe 
the routine pharmacovigilance practices that would 
be utilised by the MAH together with additional 
actions needed to address the specifi c identifi ed or 
potential concerns. The RMP is a living document 
which companies often begin preparing during the 
development phase. Once written the RMP needs to 
undergo regular review and updating as more infor-
mation becomes available. In Europe, ICH E2E was 
translated without much change into the EU - RMP 
but more recently with the new European Phar-
macovigilance Legislation the requirements have 
expanded to include an effi cacy section and a publi-
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results obtained from published decisional algorithms 
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of adverse drug reactions .  Eur J Clin Pharmacol . 

 1977 ; 11 : 75  –  8 .  

  27.       Karch   FE  ,   Smith   CL  ,   Kerzner   B  , et al.  Adverse drug 

reactions  –  a matter of opinion .  Clin Pharmacol Ther . 

 1976 ; 19 : 489  –  92 .  
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overly restrictive or bureaucratic risk management 
plan will discourage doctors and patients and may 
limit treatment options. Moreover, there needs to be 
an ongoing evaluation of the effectiveness of the 
methods employed so that adjustments can be made 
to continuously optimise the programme. Europe 
and the USA were the fi rst to implement RMPs but 
increasingly they are being requested in other 
markets, for example Australia, Brazil and Canada. 

 In the last few decades PV has evolved from its 
compliance based responsibilities. There is now more 
focus on benefi t and risk and on risk management 
and this will undoubtedly lead to enhanced public 
health as a result of the safer and more effective use 
of medicines.    
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12  Vaccines  
John Beadle
  PsiOxus Therapeutics Ltd, Abingdon, UK       

Vaccines:  history,  controversies and 
public health issues

 A vaccine can be defi ned as a biological agent that is 
deliberately inoculated into an individual in order to 
improve the immunological response of that subject 
to a specifi c pathogen or disease. In this respect the 
practice can be traced back to sixteenth century Indo -
 China, where the process of variolation (exposing 
non - immune subjects to the dried pus or scabs from 
smallpox victims) was broadly practiced and was later 
popularised in England by Lady Mary Wortley 
Montagu and in America by Cotton Mather, both in 
1721. Although Edward Jenner is usually acknowl-
edged as the father of modern vaccination, the delib-
erate inoculation of cowpox to prevent smallpox was 
apparently relatively common in some parts of south-
ern England before his experiments. However, it was 
Jenner who formalised and published the procedure 
in his 1798 publication Variolae Vaccinae . After some 
further refi nement to the techniques by Robert Koch 
and others, the smallpox vaccine was ultimately 
standardised as a glycerinated preparation of vaccinia 
infected calf  ’ s lymph and continued in use until the 
late twentieth century. 

 The smallpox vaccine was a live attenuated virus, a 
vaccine modality that has continued to be used for 
new vaccines through to the current day with rabies, 
tuberculosis (BCG), yellow fever, poliomyelitis (oral), 
measles, mumps, rubella, typhoid, varicella, cholera, 
infl uenza (cold - adapted nasal) and rotavirus all based 
upon this original principle and the most recent 
being introduced in 2006. Whole killed vaccines were 
fi rst introduced in 1896 with typhoid, followed by 

cholera, plague, pertussis, infl uenza, typhus, polio 
(injected), rabies, Japanese encephalitis, tick - borne 
encephalitis and hepatitis A. By 1923 the concept of 
using toxoids for vaccinations was introduced with 
diphtheria, followed 3 years later by tetanus. Polysac-
charide vaccines were introduced in the second half 
of the twentieth century with pneumococcal, menin-
gococcal,  Haemophilus infl uenzae  type b (HIB) and 
typhoid vaccines. Conjugate vaccines (which use cap-
sular polysaccharides conjugated to carrier proteins) 
have also been introduced in the twentieth and 
twenty - fi rst centuries and include meningococcal, 
Haemophilus infl uenzae  and pneumococcal vaccines. 
Other naturally derived protein or subunit vaccines 
introduced in the twentieth century include infl uenza 
(trivalent subunit), acellular pertussis and anthrax 
protective antigens. Recombinant hepatitis B surface 
antigen was the fi rst genetically engineered protein, 
followed by recombinant cholera toxin B and the 
polyvalent human papilloma virus vaccines. 

 The impact of these modern vaccines on global 
public health is almost impossible to exaggerate. Just 
200 years after Edward Jenner reported on the fi rst 
reliable smallpox vaccine the last reported case of 
smallpox was recorded in Somali in 1977 and 3 years 
later the World Health Assembly certifi ed that the 
world was free of naturally circulating smallpox. This 
is still the only medical intervention to have success-
fully eradicated a disease from the face of the earth. 
At least 11 other major diseases (poliomyelitis, diph-
theria, tetanus, yellow fever, pertussis,  Haemophilus 
infl uenzae , measles, mumps rubella, typhoid and 
rabies) have all been brought under some degree of 
control around the world. In the case of poliomyelitis, 
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tive vaccines in an attempt to achieve herd immunity 
and thus control disease spread, infection outbreaks 
or possibly even to eliminate the causative organism 
from the environment entirely. In order to vaccinate 
and thus protect this large percentage of the popula-
tion, it is also necessary to expose that same percent-
age of the population (often during the early years 
of their life) to any potential vaccine risks. It is thus 
likely that, even with exceptionally safe vaccines that 
have been rigorously studied, rare adverse events will 
occur in these large populations. Furthermore, if a 
signifi cant safety problem does arise with the vaccine 
(see the brief description of the Cutter Incident later, 
for example) then the implications of having vacci-
nated an entire birth cohort could be profound. 

 As an added complication, it should immediately 
be acknowledged that it is an over - simplifi cation to 
describe the target population for vaccination as 
 ‘ healthy ’ . This is because there will inevitably be a 
sizeable number of subjects within any large popula-
tion who will develop various forms of underlying 
occult disease or who may have a genetic predisposi-
tion towards a given adverse event. Outside of the 
clinical trial environment, it is unusual for any sig-
nifi cant level of pre - vaccination health screening to 
be conducted in order to identify those occult or 
underlying predispositions. This is particularly rele-
vant in developing countries, (which are of course 
prime targets for many vaccination programmes) 
where poverty, poor sanitation and other poor socio-
economic conditions may directly affect both the 
safety and effi cacy of vaccines in many individuals. 
Classic examples include underlying malnutrition, 
parasitic load and HIV infection. 

 This combination of factors creates an exquisite 
requirement for risk – benefi t analysis and pharma-
covigilance throughout the product life cycle of any 
vaccine. The pharmaceutical physician working with 
vaccines must be aware of the complex interplay of 
subject, environment, product and disease. More pro-
foundly, the practitioner must be aware that this 
interplay is in no way uniform or static. Risk – benefi t 
will vary from environment to environment and will 
also evolve over the life cycle of the product. 

 First, it must be acknowledged that risk – benefi t for 
vaccination against infectious diseases is profoundly 
affected by a number of underlying socioeconomic 
factors such as sanitation, nutrition and health care. 
Modern sanitation and housing may reduce the risk 
of infection occurring or spreading within a com-
munity, while good nutrition, supportive health care 
and the ready availability of specifi c antibacterial or 

globally recorded cases have been reduced by 99% 
and this is the next disease targeted for eradication by 
the World Health Organization. It has been suggested 
that, with the exception of clean drinking water, no 
other intervention has had a more profound impact 
upon human health  [1] . 

 Despite their undoubted successes, vaccines have 
been controversial from the time of Jenner all the way 
through to the current day. The formation of the 
British Anti - vaccine Society during Jenner ’ s own 
lifetime and the recent public scares surrounding 
measles, mumps and rubella (MMR) usage in the 
UK have common sociopolitical roots. Concerns 
about the safety of vaccines seem to be connected to 
a common, almost primal feeling that they somehow 
 ‘ disturb the natural order of things ’  and this, com-
bined with the undeniable political and ethical impli-
cations of compelling individuals (frequently infants 
and other minors) to be vaccinated for the  ‘ greater 
public good ’ , leads to a mixed and often very hostile 
public perception towards vaccination, which any 
practitioner in this area is advised to be aware of and 
sensitive towards. 

 There are a number of key characteristics that are 
unique to prophylactic vaccines when compared with 
other forms of medical intervention and these should 
be noted by the pharmaceutical physician. First, by 
defi nition, prophylactic vaccination is targeted at the 
healthy population. The aim here is not to treat a 
disease but to prevent the disease from occurring at 
some future time point. No matter how unpleasant 
or deadly the target disease may be, it is critical to 
remember that the target population will be largely 
healthy when vaccinated. 

 Secondly, prophylactic vaccination is aimed at pro-
viding lifetime or at least long - term protective cover. 
The intended protective effects are thus designed to 
be with the subject for many years and possibly 
throughout life. It must thus be borne in mind that 
any adverse effects might be similarly long - lasting or 
delayed. 

 Thirdly, since lifetime immunity is desired and 
because many vaccine - preventable diseases occur 
during childhood, vaccines are commonly adminis-
tered to infants, children and teenagers. The ethical 
and safety implications of treating otherwise healthy 
minors must be borne in mind at all times with par-
ticular attention to the issue of informed consent. 

 Finally, it is common practice in public health to 
conduct large - scale vaccination campaigns. Indeed, 
public health bodies often seek to vaccinate a high 
percentage of the entire birth cohort with preventa-
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efi ts of this new vaccine were expected to accrue 
in developing countries where rotavirus diarrhoea 
caused a far higher level of morbidity and mortality 
than in the USA (Figure  12.1 ). However, by July 1999, 
an unexpected complication was reported from post -
 marketing surveillance. Rotashield ®  was found to be 
associated with increased risk of intussusception in 
the fi rst 2 weeks after the initial vaccination (an esti-
mated occurrence of one in every 10,000 children 
vaccinated). The vaccine was immediately with-
drawn, based upon a revised risk – benefi t assessment 
for the US population, with its relatively low level 
of rotavirus related mortality and morbidity, rather 
than for the high morbidity and mortality in the 
developing world. After a further 7 years of research 
and development two second generation rotavirus 
vaccines were launched: Rotarix ® , an attenuated 
human vaccine developed by GlaxoSmithKline; and 
RotaTeq ® , a bovine - human pentavalent reassortant 
vaccine developed by Merck. Both second generation 
vaccines were shown to be effi cacious and both 
underwent extensive safety assessment in clinical 
trials with a combined total of over 130,000 subjects 
in order to demonstrate no association of these 
vaccines with intussusception. Since these second 

antiviral therapies may all signifi cantly reduce the 
morbidity and mortality associated with a given 
disease. Improvements (or other changes) in these 
factors will then affect the risk – benefi t for vaccina-
tion over time. For example, the UK annual mortality 
from measles in the fi rst decade of the twentieth 
century was nearly 10,000 but in the decade prior to 
the introduction of the measles vaccine this had 
already dropped to less than 100 (a 99% reduction), 
a change attributable almost entirely to improved 
socioeconomic conditions over this period. 

 These regional differences in risk – benefi t can have 
profound effects upon the development of vaccines. 
When Wyeth - Lederle launched RotaShield ®  for the 
prevention of rotavirus diarrhoea in the USA in 
August 1998 it was after 15 years of research and 
development. In clinical trials, the vaccine (a human -
 rhesus tetravalent reassortant vaccine) had been 
shown to be safe and very effective, preventing more 
than 90% of admissions for rotavirus diarrhoea in US 
children. It was immediately recommended for uni-
versal paediatric immunisation in the USA and was 
initially administered to over 600,000 infants in the 
fi rst 9 months of the programme. Of course, despite 
this promising US launch, the major life - saving ben-

Figure 12.1     Rotavirus disease burden and risk at the time of Rotashield ®  launch in 2006. Modifi ed  with permission from 

Glass RI et al . Rotavirus vaccines: current prospects and future challenges. Lancet 2006;368:323 – 32.  
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cines and potentially a drop in vaccination rates. This 
paradox can largely explain the recent history of per-
ceived risk – benefi t for MMR vaccines in the UK, 
where the perceived risk – benefi t was reversed for 
many people in the community, a perception then 
amplifi ed by pressure groups and elements of the 
mass media.   

 It is often thought that such changes in disease 
patterns due to the introduction of a new vaccine may 
be very gradual, occurring over many decades or even 
centuries. In this regard, people may be thinking of 
the time scales needed in the efforts to eradicate 
smallpox and polio. It is then often argued that the 
concurrent improvements in socioeconomic factors 
(e.g. clean water and improved housing) over the 
same protracted time period are then more impor-
tant than the vaccine in explaining the reduction in 
disease. However, more recent examples show that 
effective vaccines can produce relatively rapid changes 
in the disease profi le within a community if coupled 
with effi cient vaccination campaigns. In November 
1999, a meningococcal C conjugate vaccine was intro-
duced into the routine immunisation programme in 
the UK  [3] . Over a 2 - year period all children and 
adolescents under the age of 18 years were immu-
nised. In January 2002, the campaign was extended 
to include adults under 25 years of age. Following this 
meningococcal C vaccine campaign, the number of 
laboratory - confi rmed serogroup C cases fell by over 
90% in all age groups immunised. As a result of 
reduced carriage rates, cases in other age groups then 
fell by approximately two - thirds such that the total 

generation vaccines were licensed there has been a 
substantial reduction in the rates of hospitalisation 
and death from rotavirus in both developed and less 
developed countries. However, recent post - marketing 
surveillance suggests that the rate of intussusception 
associated with these vaccines may be very similar to 
the rates seen with the fi rst generation Rotashield ®  
vaccine. Nevertheless, a well - considered risk – benefi t 
analysis of this recent data suggest that in the Mexican 
population for example, vaccination with Rotarix ®  
would be expected to prevent 663 childhood deaths 
and 11,551 hospitalisations, while causing 41 excess 
hospitalisations and two additional deaths due to 
intussusception  [2] .   

 There is another important factor determining the 
fl uidity of vaccine risk – benefi t over time and that is 
the effect of the vaccine itself on the target disease 
within any given community. If a given vaccine (and 
any associated vaccination programme) are success-
ful in a community, then the actual incidence of the 
disease within the community will be reduced and 
the associated morbidity and mortality will fall. This 
results in the so - called vaccine paradox in public 
health, where the greater the success of a given 
vaccine, the less attractive the risk – benefi t for its use 
appears. This occurs because the impact of the target 
disease will diminish over time in tandem with 
increased vaccine coverage (Figure  12.2 ). As a result, 
the community comes to perceive little or no risk to 
the underlying disease but may perceive a higher level 
of risk for the vaccination (even if no such risk exists). 
This can result in a loss of public confi dence in vac-

Figure 12.2     The  ‘ Vaccine Paradox ’ . For a 

successful vaccine, as coverage rate 

increases so disease incidence will fall over 

time.  
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polio vaccine and the safety and effi cacy was tested in 
one of the largest clinical trials ever conducted with 
420,000 children receiving the vaccine, 200,000 
receiving placebo and 1.2 million receiving nothing. 
In 1955, the vaccine was licensed the day after the 
results of this clinical trial were announced and fi ve 
companies began the manufacture and distribution 
of the vaccine. However, one company, Cutter Labo-
ratories of Berkley California, failed to inactivate the 
polio virus effectively in the vaccine with formalde-
hyde. Thirteen days after the fi rst doses, reports 
started to appear of children developing polio. It is 
estimated that some 120,000 children were exposed 
to this risk and up to 200 were severely paralysed. Ten 
children died in the Cutter Incident as a lasting 
memory of the potentially devastating impact of 
vaccine safety if things go wrong. But of course, 
vaccine adverse events are not confi ned to manufac-
turing errors and uncommon but severe adverse 
effects are also seen, including acute encephalopathy 
with whole - cell pertussis vaccines, Guillain – Barr é  
syndrome after certain infl uenza vaccines and ana-
phylaxis in infl uenza or yellow fever vaccines (both 
due to egg proteins) for example. These are the sort 
of safety concerns that public health practitioners and 

number of laboratory - confi rmed serogroup C cases 
fell to only 10 in 2009. This contrasts to the seasonal 
pattern of meningococcal B cases, which remains vir-
tually unchanged throughout this period (Figure 
 12.3 ). It is clear that as a direct result of this highly 
effi cacious vaccination programme (the vaccine itself 
and the associated immunisation campaign) the risk –
 benefi t for meningococcal C conjugate vaccination 
has altered over less than a decade.   

 It should be acknowledged that the need for a high 
level of safety for vaccines is not always driven by 
rational analysis of data. Parents of a young child may 
be unwilling to accept a one in 10,000 risk of an 
adverse event from a vaccine for measles, but they 
(and their treating physician) are often willing to 
accept a much higher risk of side effects when treat-
ing the same child with antibiotics for otitis media. 
However, community fears of vaccines, although fre-
quently misguided, are not entirely without merit. 
While vaccines are one of the most important factors 
in determining life expectancy, there have also been a 
number of high profi le safety issues with vaccines. 
Perhaps the most famous example is the Cutter Inci-
dent. By 1954, Jonas Salk, funded by the March of 
Dimes, had developed his formaldehyde - inactivated 

Figure 12.3     Laboratory - confi rmed cases of meningococcal disease for England and Wales. Five weekly moving averages: 

1997 – 2009. Source: Meningococcal Reference Unit, Health Protection Agency (data for 2009 is provisional and 

unpublished).  Reproduced from the Green Book 2011, with permission from the UK Department of Health .  
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pharmaceutical physicians need to weigh up against 
the benefi ts of vaccination at any given time and in 
any given environment. Quite correctly then, any 
risk – benefi t analysis for vaccines must emphasise the 
importance of very well - characterised and very safe 
vaccines. A strict regulatory oversight should be 
applied to every step and aspect within the product 
development process and product life cycle.  

Vaccine  clinical trials

 Although vaccine clinical trials have much in common 
with the clinical trials conducted for small molecules 
and therapeutic biologics, there are a number of key 
differences that need to be considered. First, it is 
important to address three key defi nitions that are 
often confused when describing the endpoints for 
vaccine clinical trials. 

Vaccine  immunogenicity
 Here the clinical trial is asking the question  ‘ Does the 
vaccine have a relevant immunological effect? ’  It is a 
basic tenet of vaccinology that a vaccine induces 
immunity, and clearly immunogenicity is an impor-
tant element throughout the vaccine development 
process and will be measured in every clinical subject 
in all but the very largest clinical trials. However, the 
word  ‘ relevant ’  here is critical, because a vaccine can 
produce a profound immunological response without 
having any protective effect. Only a protective immu-
nological effect is going to be truly relevant to effi cacy, 
while certain immunological responses may even be 
tolerising and may thus produce a negative effi cacy. 
For novel vaccines, the immunological correlates of 
protection may be predicted from preclinical studies 
or through fi eld investigation of naturally infected 
individuals, but a true correlate of immunity for a 
novel vaccine can only be confi rmed in large - scale 
clinical trials. It is thus wrong to report (in clinical 
study reports or in publications and other communi-
cations) that a novel vaccine is  ‘ effective ’  on the basis 
of immunogenicity data alone. On the other hand, 
for follow - on or biogeneric vaccines, regulatory 
approval may possibly be granted on the basis of a 
clinical programme demonstrating non - inferiority to 
a registered vaccine using a well - established correlate 
of immunity. For example, the neutralising titre of 
anti - HBsAg (anti - surface antigen) immunoglobulin 
G (IgG) is a recognised correlate of protection for 
hepatitis B vaccines. 

 A thorough description of the immunological 
mechanisms involved in modern vaccinology is well 
beyond the scope of this overview chapter and is itself 
the subject of rapid change and advancement. One 
way of describing the immune system is to view it as 
a homeostasis between T - helper 1 (Th1) and T - helper 
2 (Th2) activity (Figure  12.4 ), with Th1 and Th2 cells 
directing different immune response pathways. Th1 
cells drive the type 1 pathway (cellular immunity) to 
fi ght viruses and other intracellular pathogens, elimi-
nate cancerous cells and stimulate delayed - type 
hypersensitivity skin reactions. Th2 cells drive the 
type 2 pathway (humoral immunity and mucosal 
immunity). Mucosal immunity is often important 
because many pathogens enter the body through 
mucosal surfaces. More recently, the innate (non -
 adaptive) immune system has also come to be seen as 
important in vaccinology. Clinical assays may thus 
be required to document humoral, cellular, mucosal 
and innate immune responses depending variously 
upon the underlying disease, the vaccine candidate, 
the route of administration and the inclusion of 
adjuvants.   

 While vaccine effi cacy is obviously critical, effi cacy 
in the absence of well - established immune correlates 
can create signifi cant diffi culty in gaining regulatory 
approval. Suffi ce it to say that the establishment 
of adequate clinical assays to measure immunogenic-
ity is a critical part of the vaccine development 
process. Assays should, wherever possible, not only 
seek to measure the magnitude of an immunological 
response, but also its nature and quality. Antibodies 
should be subtyped and T - cell responses should be 
characterised. Timing of the assays can also be very 
important, because immunogenicity can have quite 
variable kinetics with certain immunological varia-
bles (innate and early phase responses) emerging 
within days and weeks while others (memory 
responses) can take weeks or months to become 
established. It is also important to establish the dura-
bility of response, because certain immune responses 
have a tendency to wane more rapidly than others. A 
waning titre may indicate the need for higher doses, 
the addition of adjuvants or the introduction of more 
booster doses in order to establish longer lasting 
immunity.  

Vaccine  effi cacy 
 Here the clinical trial is asking the question  ‘ Does the 
vaccine prevent or reduce the disease in vaccinated 
individuals under ideal conditions? ’  Vaccine effi cacy 
(VE) is defi ned as:
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  Vaccine  e ffectiveness 
 Here the clinical trial is asking the question  ‘ Does the 
vaccine help to reduce the burden of the disease 
under real world conditions? ’  This question relates to 
the vaccine use within the context of a given public 
health policy and is thus the subject of phase IV and 
post - marketing surveillance studies  [4] . Although 
prospective effectiveness studies are possible, effec-
tiveness studies are usually very large retrospective 
case controlled or cohort studies. Such studies can 
examine the impact of vaccination policies, compli-
ance and herd immunity on the incidence of the 
disease within the larger community. For example, it 
has been shown in some studies that vaccinating chil-
dren against infl uenza can result in a decreased inci-
dence of infl uenza in the elderly. Such large real world 
studies are also the most likely to reveal very rare 
vaccine related adverse events.  

  Phase I  c linical  s tudies 
 As with other pharmaceutical products, phase I 
vaccine trials are principally conducted to demon-
strate the safety profi le of the vaccine in a small 
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  where ARU is the the attack rate in the unvaccinated 
population; ARV is the attack rate in the vaccinated 
population; ARU and ARV are calculated as 
ARV    =    CV/nV andARU    =    CU/nU, where CV and CU 
are the number of confi rmed cases in the vaccinated 
and unvaccinated groups, respectively, and nV and 
nU are the number of subjects in the vaccinated and 
unvaccinated groups, respectively. Note that VE will 
be 100% when ARV    =    0 provided that ARU does not 
also equal zero (in which case no vaccine effi cacy can 
be determined) and that VE will be zero if ARV    =    ARU 
(again assuming that ARU does not equal zero). 

 Although some potential indication of effi cacy 
may be obtained at phase II (particularly if a human 
challenge study is conducted), this is a question that 
can only really be answered at phase III, through 
adequately sized and controlled prospective ran-
domised clinical trials.  

     Figure 12.4     Basic immunological pathways involved in vaccination. Extracellular antigens, presented by the antigen 

presenting cell on MHC Class II, drive a T - helper (Th) 2 type response resulting in antibody - mediated immunity. 

Intracellular antigens, presented on MHC Class I, drive a Th1 type response resulting in cell - mediated immunity.  
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constituent may interfere with either the safety or the 
effi cacy of the others  [5] . 

 Immunogenicity is usually the primary endpoint 
in phase II clinical trials but for some diseases it is 
possible to conduct a human challenge study. In a 
vaccine challenge study healthy young adult subjects 
are fi rst vaccinated and after a suitable period in order 
to allow the establishment of protective immunity 
they are exposed to the pathogen, often in an attenu-
ated form in order to demonstrate a potential protec-
tive effi cacy. If successfully infected, subjects are 
allowed to develop the disease in order to measure 
both subjective and objective disease parameters. 
Often subjects will then receive some form of specifi c 
antibiotic or antiviral therapy before being discharged 
from the study. Such studies are often conducted in 
isolation units to prevent unintended disease spread 
outside of the study participants. Endpoints in these 
trials include various forms of disease monitoring 
depending upon the disease under investigation 
(such as culture confi rmed infection, presence of 
fever, symptom scores, stool count, stool volume, 
tissue counts, tissue weights) and any associated 
vaccine immunogenicity in order to establish an indi-
cation of effi cacy and to examine the immunological 
correlates of protection. The general schema for a 
challenge study is shown in Figure  12.5 . On fi rst 
examination, human challenge studies may appear to 
be a fl agrant violation of the Hippocratic oath, but 
these studies can be ethically justifi ed if there is a 
compelling need and rationale to investigate certain 
infections that are self - limiting in healthy young 
adults (even though they may be severe in children 
or the elderly) or infections that can be fully and 
easily treated with antibiotics or antivirals. Human 
challenge studies can be used as an early proof of 
concept and to select a dose and dose schedule before 
evaluation in much larger fi eld trials. Challenge 
models can thus prevent the unnecessary exposure of 
many thousands of human subjects to larger phase 
III fi eld trials by eliminating vaccines that do not 
demonstrate preliminary evidence of protection. 
Ideally, challenge studies will also give a good indica-
tion of correlates of protection prior to proceeding to 
phase III. Diseases where human challenge studies 
have been used recently include infl uenza  [6] , cholera 
 [7]  and malaria  [8] .   

 Phase II clinical trials may also be needed in special 
populations. Patients with compromised immune 
systems represent common subgroups for phase II 
vaccine trials because these subjects are often at 
increased risk to the infection but may have reduced 

number of closely monitored adult volunteer sub-
jects. If the ultimate target population for the vaccine 
is to be in infants or young children then the product 
is usually then tested in a stepwise progression from 
teenagers down through older children to younger 
children and ultimately, if required and if safe to do 
so, into infants. Immunological kinetics are very 
important (see the discussion on immunogenicity 
above) and it is normal to gain an initial indication 
of the immunogenicity of the vaccine in phase I 
vaccine trials. However, unlike small molecules and 
therapeutic biologics, it is unusual to require classic 
drug pharmacokinetics during clinical development 
but it may be necessary for certain vaccines to show 
adequate clearance of the product from the body. For 
example, it is common with live viruses to show 
whether the virus is shed (e.g. in the sputum, stool or 
urine) and if so for how long.  

Phase II clinical studies
 Again, as for other products, phase II vaccine trials 
are designed to assess safety in a larger group of 
patients and to identify an appropriate dose and dose 
schedule. Identifying an optimised dose schedule can 
be quite complex for vaccines given the frequent need 
for priming as well as booster doses and the lack of 
classic pharmacokinetic data for modelling purposes 
(which would anyway be poorly predictive of immune 
responses). The number and timing of booster doses 
can be dependent upon the disease, the vaccine, the 
route of delivery and the use of adjuvants. In certain 
cases repeat boosting is required early (weeks or 
months apart) in order to achieve an initially protec-
tive immune response. In other cases boosting is 
required years later in order to maintain or re -
 establish a protective titre. Given this complexity, 
dose schedules generally need to be empirically deter-
mined in phase II clinical trials using immunological 
surrogates with preclinical data used to provide initial 
guidance in trial design. In many cases, particularly 
for childhood vaccines and increasingly for teenage 
vaccines, it is necessary to fi t a new vaccine into an 
existing vaccine schedule and so it is important to test 
co - administration where appropriate, both for safety 
and immunogenicity. This can be further compli-
cated by the existence of differing vaccine schedules 
in different countries. For childhood vaccines it is 
increasingly necessary to combine different vaccines 
into a single product in order to overcome this 
problem and clinical studies with these products can 
have their own special problems since each vaccine 
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protective effi cacy of the vaccine, but phase III vaccine 
studies will typically run into several thousand 
subjects. 

 Secondly, the total safety database of subjects 
required will be very large in order to document and 
exclude any rare adverse events. Again, this is a func-
tion of the requirement that vaccines must have an 
exceptionally good risk – benefi t profi le. The required 
safety database may run into tens of thousands 
of patients for a new childhood vaccine (see the dis-
cussion on rotavirus vaccines in  ‘ Vaccine safety 
monitoring ’ ). 

 Epidemic or seasonal type diseases can make phase 
III fi eld effi cacy studies particularly challenging. For 
infl uenza for example it may be the case that an entire 
season is missed if the circulating strains of virus were 
poorly matched to the vaccine strains. Endemic or 
hospital acquired diseases may provide a more stable 
disease background for fi eld studies. 

 Operationally, these studies can provide some 
unique challenges. Unlike many therapeutic phase III 
studies with slow recruitment times, large vaccine 
fi eld studies can recruit subjects very rapidly, because 
it is not necessary to fi nd  ‘ patients ’  with a disease but 
to fi nd real world  ‘ volunteers ’  with relatively broad 
inclusion and exclusion criteria. A well - organised 
large vaccine fi eld study with well - established com-
munity involvement can thus accrue subjects surpris-
ingly rapidly. While this is benefi cial for development 
timelines, it can also create a number of signifi cant 
operational issues:

responses to the vaccine. Diseases such as HIV/AIDS 
and leukaemia may have an important impact upon 
vaccine effi cacy, but so do many other chronic dis-
eases such as renal failure. Specifi c studies in elderly 
patients are always required if they are a potential 
target population because the immune system alters 
signifi cantly with age and it is not possible to extrapo-
late from younger adults to older patients. Again, the 
elderly have a tendency to have an increased risk for 
infection but a reduced response to the vaccine, a 
phenomenon known as immunosenescence  [9] .  

Phase III clinical studies
 Confi rmatory phase III vaccine studies often need to 
be very large. There are two principle reasons for this. 
First, when considering effi cacy, it must be remem-
bered that (unlike the human challenge studies 
described above) not all subjects are likely to be 
exposed to the pathogen in question. Large numbers 
of individuals thus need to be vaccinated in both the 
active and the placebo group (or other appropriate 
control group) in order that a reasonable number of 
each arm of the study will be exposed to the disease 
so that a difference in protective effi cacy can be dem-
onstrated between control and the vaccine under 
observation (if such a difference does indeed exist). 
The powering of such studies in order to obtain a 
statistically signifi cant result will be a function of the 
expected attack rate of the disease in the study popu-
lation (taking account of such issues as seasonal vari-
ability and or epidemic risks) and the expected 

Figure 12.5     A typical human vaccine challenge study. CMI, cell - mediated immunity; Ig, immunoglobulin.  
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ity is the tendency of the vaccine to produce local 
reactions such as redness, tenderness, pain and swell-
ing. These are usually measured on a standardised 
scale as shown in Table  12.1 . Many common systemic 
and local adverse events following immunisation 
have been given standardised defi nitions in order to 
ensure comparability across different vaccines and 
across multiple clinical trials. These  ‘ case defi nitions ’  
have been codifi ed by the Brighton Collaboration, 
with each case defi nition categorised into three 
levels of diagnostic certainty where each level is 
defi ned by a set of clinical and/or additional diagnos-
tic criteria (Table  12.2 ). For each case defi nition there 
are also guidelines for data collection, analysis and 
presentation.   

 Although many vaccine - related adverse events do 
fall into these common categories, it is important 
to remember that novel vaccines may produce an 
entirely novel adverse event profi le. These adverse 
events may occur as a direct result of the chemical or 
biological nature of the vaccine constituents (e.g. pre-
servatives, adjuvants) but they may also be the result 
of the specifi c immune response to the vaccine or the 
adjuvant. The vaccine could for example induce a 
strong immune response to an antigen with a high 
degree of homology to a natural human antigen. The 
resulting auto - immunity could produce a range of 
adverse effects depending upon the nature and loca-
tion of the homologous human epitopes. Any such 
adverse event profi le could be signifi cantly delayed 
and or long lasting.  

    •      Can the randomisation and other data manage-
ment systems cope with the rapid increase of subjects 
and the associated data?  
   •      Can study monitors, pharmacovigilance groups 
and administrators manage the large workload?  
   •      Can the study sites manage the large amount of 
follow - up and documentation?  
   •      Is there a suffi cient time window for the Data Safety 
Monitoring Board to review interim safety data 
before too many new patients are recruited?    
 With appropriate forethought and planning these 
issues can be managed and newer technology such as 
electronic data capture can make the job far easier 
than in the past.   

Vaccine  safety monitoring

 The importance of vaccine safety was emphasised 
earlier in this chapter. Vaccine safety monitoring is 
thus of paramount importance throughout the clini-
cal programme and into the post - marketing surveil-
lance. Common systemic toxicities that need to be 
sought include pyrexia, rigors, headaches, joint pains, 
seizures, diarrhoea, nausea and vomiting. For vac-
cines delivered by one of the intramuscular, subcuta-
neous, intradermal or transdermal routes (whether 
with or without a needle), in addition to measuring 
systemic toxicity, it is also required to measure and 
record the reactogenicity of the vaccine. Reactogenic-

Table 12.1    Grading of vaccine injection site reaction 

   Local 
reaction  

   Mild 
 (Grade 1)  

   Moderate 
 (Grade 2)  

   Severe 
 (Grade 3)  

   Potentially 
life - threatening 
 (Grade 4)  

  Pain    Does not interfere 

with activity  

  Repeated use of non - narcotic 

pain reliever  > 24   h or 

interferes with activity  

  Any use of narcotic pain 

reliever or prevents 

daily activity  

  Emergency room (ER) 

visit or hospitalisation  

  Tenderness    Mild discomfort 

to touch  

  Discomfort with movement    Signifi cant discomfort 

at rest  

  ER visit or 

hospitalisation

  Erythema/

redness  

  2.5 – 5   cm    5.1 – 10   cm     > 10   cm    Necrosis or exfoliative 

dermatitis  

  Induration/

swelling  

  Mild 

 (Grade 1)  

  5.1 – 10   cm or interferes with 

activity  

> 10   cm or prevents daily 

activity  

  Necrosis  

 From :  Guidance for Industry: Toxicity Grading Scale for Healthy Adult and Adolescent Volunteers Enrolled in Preventive Vaccine 

Clinical Trials , US Department of Health and Human Services, FDA, CBER, September 2007. Reproduced with permission 

from US Food and Drug Administration. 
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 As has already been pointed out, it is important to 
remember that for prophylactic vaccines none of the 
clinical trial subjects are patients at any stage of the 
development pathway; however, neither are they truly 
volunteers in the classic sense of the word. In vaccine 
clinical trials the subjects are usually  ‘ otherwise 
healthy ’  and thus do have certain characteristics 
similar to volunteers. However, it is possible that 
phase I subjects may receive the intended benefi t of 
the vaccine: long - term protection against the disease 
and in this sense these  ‘ volunteers ’  have a benefi cial 
outcome similar to patients in other clinical trials. It 
is important to bear this duality in mind when 
addressing study design and particularly the issues of 
informed consent. Even from the earliest phase I 
clinical trial, the long - term health of trial subjects 
may be affected not only from the actual outcome of 
the intervention but from the perception of having 
been in a clinical trial. For example, subjects who have 
participated in a vaccine trial for a sexually transmit-
ted disease or a disease transmitted by recreational 
drug use may change their habits during or after the 
clinical trial because of a perception of protection. 
This changed behaviour could then increase their 
susceptibility to contracting the disease in the future. 
While this may affect the outcome of the trial (by 
potentially increasing the incidence of disease occur-
rence in the placebo group, for example), it may have 
more important long - term implications for the sub-
jects and their current or future sexual partners. Also, 
while some vaccine trial outcomes may be positive 
(long - term protection against the disease) certain 
diseases might even be exacerbated directly by the 
vaccination. One well - known case was in the use of 
a formalin - inactivated respiratory syncytial virus 
vaccine developed in the 1960s, where vaccinated 
children were later shown to have a worse prognosis 
when exposed to naturally occurring respiratory syn-
cytial virus, possibly through a form of immunologi-
cal pre - priming  [11] . 

 Unlike therapeutic interventions, which are largely 
focused upon the individual, vaccination also has 
important community and possibly even global 
health implications. This is important when consid-
ering the potential value of the vaccine under devel-
opment. Given the scale of vaccine fi eld effi cacy trials, 
whole communities (and sometimes even countries) 
may be involved in the set - up and conduct of the trial 
and it may even be necessary to seek consent at the 
community level before moving to the level of indi-
vidual consent. It is important for a community 
to realise that in a large - scale randomised placebo 

Table 12.3    An ethical framework applied to vaccine 

clinical research 

   Elements of 
ethical
research  

   Vaccine specifi c considerations  

  Value    Public health need 

 Scientifi c possibility 

 Social acceptability 

 Political will  

  Validity    Endpoints and measurement of effi cacy 

 Choice of control (such as placebo) 

 Randomisation 

 Feasibility of recruitment and follow - up  

  Fair subject 

selection

  Large numbers of healthy subjects, 

often including children 

 Participants in developing countries  

  Favourable 

risk   :   benefi t 

ratio 

 trials  

  Risks to individuals: 

     •      physical  

   •      social,  

   •      confi dentiality  

   •      future    

 Risk of no protection 

 Provisional benefi t to individual 

 Benefi ts to community and public good 

 Fair benefi t evaluations  

  Independent 

review  

  Familiarity with vaccine research 

 International settings  

  Informed 

consent  

  Misconceptions about vaccines 

 Cultural and social differences 

 Community permission  

  Respect for 

enrolled 

participants  

  Monitoring welfare 

 Right to withdraw 

 Treatment and / or compensation for 

vaccine - induced injury  

 Adapted from Christine Grady, Ethics of vaccine research, 

Nature Immunology 5, 465 – 468 (2004) with permission 

from Macmillan Publishers Ltd. 

Vaccinology  ethics

 On the one hand, the fundamental ethics of vaccinol-
ogy are essentially the same as for other branches 
of pharmaceutical medicine, but there are some 
important nuances that should be noted. Grady has 
suggested the application of a seven - part ethical 
framework to the practice of vaccine clinical research 
(Table  12.3 )  [10] . A full discussion of this framework 
is beyond the scope of this overview chapter, but it is 
worth noting a few key points and examples.   
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require additional preclinical and clinical testing to 
prove equivalence to the old vaccine. Regulatory 
oversight of such changes will thus be extensive. 

 The pharmaceutical physician responsible for mar-
keted vaccines must also be aware of the importance 
of the supply chain. Failure or contamination of 
vaccine supply at any point can result in signifi cant 
public health implications. A manufacturing plant 
that internally identifi es a fault or fails a regulatory 
inspection could be out of commission for many 
months, resulting in the disruption of national vac-
cination programmes which may never recover, 
because certain age cohorts of children may miss 
critical components of their vaccination schedule. 
Rapid and orderly re - establishment of supply with 
well - considered and consistent communication are 
the main objectives. This will involve close collab-
oration with the relevant regulators and health 
authorities, using relationships and channels of com-
munication that are ideally well established prior to 
any supply failure.  

The future of  vaccinology

 Vaccinology, through its close associations with 
immunobiology, molecular biology and biochemis-
try, has become a rapidly advancing fi eld in the 
twenty - fi rst century. Although vaccines can still be 
divided into two broad categories:  ‘ non - live ’  (killed, 
subunit, toxoid, peptide) and  ‘ live ’  vaccines, the 
range of strategies and approaches available for 
making novel vaccines is currently expanding within 
both categories exponentially. Novel technologies 
such as recombinant DNA technology and reverse 
genetics may be applied both to the development of 
entirely new vaccines and to new approaches for their 
manufacture and purity. A complete review of these 
technologies is again beyond the scope of this over-
view chapter but three important developments are 
likely to impact most pharmaceutical physicians 
working in vaccinology over the next decade or so. 

Adjuvants
 Adjuvants are modulators of immune response that 
are added to a vaccine to make it more immunogenic 
or to generate a more relevant and thus protective 
immune response. Many modern vaccines based 
upon purifi ed subunits, recombinant proteins or 
peptides have insuffi cient immune responses to 
induce protective effi cacy without the addition of an 
adjuvant, but until relatively recently only one adju-

controlled phase III fi eld effi cacy trial it is hoped that 
some of the vaccinated children (hopefully those 
receiving placebo) will in fact contract the disease and 
have a poor outcome. Without poor outcomes in the 
control arm clinical trials will fail to demonstrate 
improved benefi ts overall, but this is often an issue 
that is hard for both individuals and communities to 
understand within the context of informed consent. 

 The ethical validity of a vaccine might be brought 
into question when considering whether it is likely to 
provide protection against infection or protection 
from disease. This will be particularly important 
where asymptomatic carriers may possibly be created. 
For example, individuals who become protected 
against herpetic outbreaks but who still shed the 
herpes virus in their genital secretions could create a 
signifi cant public health problem for those in the 
community who are not protected. It is interesting to 
consider what degree of protection against either HIV 
infection or AIDS might be necessary in order to create 
a valid HIV vaccine. Again, how might that validity 
change from community to community or over time?  

Importance of vaccine
manufacturing and supply

 Nowhere in the fi eld of biologics is the phrase  ‘ the 
process is the product ’  more applicable than for vac-
cines, where apparently minor changes to the manu-
facturing process have repeatedly been shown to 
impact upon the immunogenicity and safety of the 
fi nished product. The addition, removal or variation 
of excipients either for their intended effects in the 
form of adjuvants or preservatives or because of 
process or supplier changes can all have profound 
effects upon the fi nal product that may signifi cantly 
alter the delicate risk – benefi t equation for any given 
vaccine. Added to this is challenge of manufacturing, 
controlling and characterising modern vaccines, 
which can be orders of magnitude more complex 
than for small molecules that are manufactured and 
characterised with a high degree of precision. For 
example, a typical virus - like particle may be more 
than 10,000 - fold greater in size than a small - molecule 
drug while the input materials themselves are often 
highly complex biological entities or media. This 
implies that any changes in manufacturing site, scale, 
supplier or process will require reassurance that the 
product has remained unchanged in terms of quality, 
safety and effi cacy. Bridging for such changes will 
involve extensive analytical characterisation and may 
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antibodies producing a more protective effect) while 
other adjuvants can drive the generation of a cell -
 mediated immune response. The mechanism by 
which this immune modulation occurs is complex 
but appears to involve the induction of specifi c 
cytokine patterns. For example, adjuvants that can 
stimulate the release of gamma - interferon from T 
cells are thought to drive a strong cell - mediated 
immune response and also an IgG2a isotype antibody 
response, whereas adjuvants such as alum appear to 
stimulate the release of interleukin - 4 and hence 
favour the production of an IgG1 isotype antibody 
response with a lower level of cell - mediated immu-
nity. Recent discoveries have shown that there is an 
important interaction between innate immunity and 
adaptive immunity and that certain adjuvants have a 
specifi c interaction with toll - like receptors (TLRs). 
Differentially targeting TLRs enables the specifi c 
manipulation of the adaptive immune response. For 
example,  Escherichia coli  lipopolysaccharide (TLR4) 
and fl agellin (TLR5) induce human dendritic cells to 
have a Th1 type immune response, whereas the syn-
thetic adjuvant Pam3Cys (TLR2/TLR1) induces a 
strong Th2 type response  [13].  

 Safe and effective adjuvants with well - defi ned 
mechanisms of action will become increasingly 
important in the fi eld of vaccinology as researchers 
try to address more and more challenging targets 
where the immunogenicity of the pathogens is natu-
rally low and diffi cult to stimulate or where adjuvants 
may help to produce much higher neutralising anti-
body titres and/or cell mediated immune responses. 
This will be particularly true of the emerging fi eld of 
therapeutic vaccines (see later) where vaccines will 
need to break tolerance and adjuvants are likely to be 
critical.  

Novel routes of delivery and formulations
 Although novel routes of delivery will increasingly be 
seen with new vaccines, various routes of delivery 
have in fact been well established for many years. 
While many vaccines have been safely and effectively 
delivered by needle and syringe (either intramuscu-
larly or subcutaneously), the original smallpox 
vaccination was most effectively delivered using scari-
fi cation with a bifurcated needle; the oral polio 
vaccine was developed in 1958 by Dr Albert Sabin; 
and the intranasal cold adapted live viral infl uenza 
vaccine (CAIV or Flumist ® ) was fi rst introduced by 
MedImmune in 2003. 

 It is important to recognise that the immune 
response to vaccines delivered by these various routes 

vant, alum (aluminium salts such as aluminium 
hydroxide or aluminium phosphate), has been 
broadly approved around the world for use in vac-
cines. The main reason for this slow uptake (or slow 
pace of regulatory approval) has been safety (or at 
least the perception of safety). The need for vaccine 
safety has been repeatedly stressed in this chapter 
and, as modulators of immune responses, adjuvants 
have the potential to signifi cantly alter the safety 
profi le of a vaccine. Almost inevitably an adjuvant 
will produce an enhanced reactogenicity when added 
to a vaccine and some may produce a longer term 
local granulomatous reaction. There is a concern that 
a potent adjuvant may also have the potential to 
induce an auto - immune response against tissues at 
the local injection site. Such reactions could poten-
tially have delayed and or long lasting adverse conse-
quences and might not be picked up even in large - scale 
pre - approval clinical studies. 

 As the only adjuvant available until recently, alum 
(which was fi rst discovered in 1926) has been used 
in a wide variety of vaccines including diphtheria, 
tetanus, acellular pertussis, HIB, hepatitis B and hep-
atitis A vaccines. In Europe, MF59 (a squalene oil 
emulsion) has been used in the annual infl uenza 
vaccine Fluad ®  but at the time of writing this has still 
not been approved by the FDA. More recently, Glaxo-
Smithkline have developed a number of  ‘ adjuvant 
systems ’  that combine mixtures of different adjuvants 
in order to achieve a specifi c range of attributes. 
These  ‘ adjuvant systems ’  include AS03 which is 
squalene, DL -  α  - tocopherol and polysorbate 80 and is 
used in the registered pandemic infl uenza vaccine 
Pandemrix ®  and ASO4 which is MPL plus alum and 
is used in the registered hepatitis B vaccine Fendrix ®  
and in the human papilloma virus vaccine Ceravix ® . 
Also being used in a range of experimental vaccines 
are the potentially more potent AS01 which is a lipo-
somal mixture with monophosphoryl lipid A (MPL) 
and QS21 (a water - soluble triterpene glucoside) and 
AS02 which is an oil - in - water emulsion containing 
MPL and QS21  [12] . 

 Novel adjuvant systems with increasingly diverse 
and yet more specifi c mechanisms of action are being 
developed and tested. With some of these adjuvants 
(or through a mixture of adjuvants as in the GSK 
examples above) it may be possible to fi ne tune the 
immunogenicity of a vaccine to achieve the desired 
vaccine effi cacy and safety. For example, it has been 
shown that certain adjuvants can infl uence the anti-
body isotypes generated after vaccination and thus 
affect the quality of the vaccination (higher affi nity 
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is trapped within the cell where it can go on to 
produce the encoded proteins required to achieve the 
immune response. 

 Perhaps the best way to deliver DNA vaccines is to 
use a viral vector (such as an adenovirus or a poxvi-
rus). Viruses have specifi cally evolved as vehicles for 
delivering their nucleic material into cells and geneti-
cally engineered viruses can be very effectively used 
as vaccine vectors. The main drawback of vaccine 
vectors is that humans have in turn evolved very 
effi cient mechanisms to generate immune responses 
to them, thus rendering these vectors useless (or at 
least signifi cantly reducing their utility). Current 
approaches to overcoming this problem include the 
use of non - human viral vectors (to which humans do 
not have a pre - existing immunity), using heterolo-
gous prime - boost regimens or coating the vectors in 
various forms of covering to hide them from the 
immune system ( ‘ stealth vectors ’ ).  

Therapeutic  vaccines
 This chapter ends with a departure from prophylactic 
vaccines to talk briefl y about the concept of therapeu-
tic vaccines. In simple terms, this is the use of vaccine 
techniques and technologies not to prevent the 
occurrence of a disease but to treat an active (usually 
chronic) disease within the individual. This concept 
is no longer a fantasy and the fi rst therapeutic vac-
cines are now entering the market with many others 
in development. Targets include chronic viral infec-
tions such as hepatitis C, HIV and human papilloma 
virus but also a very wide spectrum of cancers and 
auto - immune diseases. 

 In many ways therapeutic vaccines and their devel-
opment have far more similarity to other forms of 
therapeutic pharmaceuticals than to prophylactic 
vaccines. The clinical trials are conducted in patients 
and the endpoints are very similar to those of other 
therapeutics. For these products, risk – benefi t must 
account for the morbidity and mortality associated 
with the underlying disease such that safety (although 
clearly still important) is not as critical as for a pro-
phylactic vaccine. This means that  ‘ more potent ’  
immunological manipulations, which may have a 
 ‘ poorer ’  safety profi le, may be justifi ed. 

 Indeed, with therapeutic vaccines  ’ more potent ’  
interventions are usually required because almost all 
diseases that are targets for therapeutic vaccination 
represent some form of immunological failure. 
Chronic viral infections have usually defeated the 
immune system and established themselves within 
intracellular reservoirs. Cancers represent a failure of 

can in turn vary signifi cantly in terms of magnitude, 
quality and duration. Vaccines delivered by mucosal 
routes have been shown to have signifi cantly enhanced 
levels of IgA - mediated mucosal immunity. Intrader-
mally administered vaccines produce a particularly 
potent immune response (probably because of the 
very high density of professional antigen presenting 
cells at this site) such that intradermal vaccines can 
either produce a higher immune response with the 
same dose or the same response at a lower dose (a 
so - called dose sparing effect). Until recently, deliver-
ing vaccines into the exceptionally small intradermal 
space has been a signifi cant practical challenge (intra-
dermal injection by needle is something of an art as 
anyone who has conducted a Mantoux test can 
testify). Sanofi  Pasteur launched Fluzone Intrader-
mal ®  which is essentially the traditional trivalent 
subunit infl uenza vaccine delivered using a special-
ised intradermal system with an ultra - fi ne 1.5   mm 
long needle and contains only 9    μ g of the haemag-
glutinin antigen for each of three fl u strains in a 
0.1   mL dose, compared with 15    μ g per strain for con-
ventional fl u vaccines. Transdermal delivery using 
various patch systems has proven diffi cult when 
dealing with the relatively large antigen particles 
required in most vaccines but several groups are cur-
rently reporting early success using patches with a 
large number of  ‘ micro - tines ’  each coated with 
vaccine for direct intradermal delivery. 

 DNA vaccines (vaccines composed of plasmid 
DNA encoding one or more antigens of interest) ini-
tially presented a great promise to revolutionise the 
fi eld of vaccines, but their delivery into the nuclei of 
antigen presenting cells in humans (which is required 
for DNA vaccines to be effective) proved far more 
challenging than fi rst expected. A number of innova-
tive delivery techniques were developed, including 
novel formulations and a technology called the gene -
 gun whereby the DNA was coated on to gold beads, 
which were then delivered at near supersonic speed 
by a hand - held device into the dendritic cells of the 
epidermis. Currently, the technique of electropora-
tion looks particularly promising for DNA vaccine 
delivery. This technology uses two or more needles 
between which an electrical current can be delivered 
during or immediately after the administration of the 
DNA vaccine into muscle or skin. This current pro-
duces a temporary increased permeability in the cel-
lular membranes of the adjacent cells such that DNA 
can passively enter the cell. When the current is sub-
sequently stopped and the needles are withdrawn, the 
cell membranes recover their integrity and the DNA 
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immune surveillance and the establishment of an 
immune privileged site with a micro - environment 
dominated by immune - regulatory cells and cytokines. 
Overcoming these immune failures will require the 
therapeutic vaccine to  ‘ break tolerance ’  either for the 
virus or the cancer and in most cases therapeutic 
vaccines require a strong cell mediated immune 
component. This will typically require a potent com-
bination of various novel technologies (such as 
recombinant viral vectors, oncolytic viruses, virus -
 like particles), novel delivery systems, potent yet 
specifi c adjuvants and possibly more conventional 
therapeutic modalities such as cancer chemotherapy 
used in combination regimes  [14] . Understanding the 
interplay of these factors and designing clinical 
studies and immunological assays that correlate 
immunogenicity to effi cacy is key to successful thera-
peutic vaccine development. The pharmaceutical 
physician will need many of the skills of a vaccinolo-
gist to plan, manage and monitor the clinical pro-
grammes for these exciting new agents.   
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Introduction 

History
 The clinical use of drugs to control cancer began 
barely 60 years ago. Surgery and radiotherapy were 
the only therapies available for treating cancer until 
the mid - twentieth century. These modalities remain 
exceptionally important, especially in curative treat-
ment of those patients with disease that is locally 
confi ned at the time of diagnosis, but in many cases 
it is metastatic at presentation. It was not until the 
growing availability of cytotoxic drugs from the 1960s 
onward that systemic malignant disease such as leu-
kaemias and metastatic solid tumours could be con-
trolled, and in some cases cured. These chemotherapy 
drugs have activity against the dividing cell, and so 
are often described as cytotoxic or antimitotic. 

 The discovery of the fi rst cytotoxic drugs can be 
traced to the First World War, when nitrogen mus-
tards were deployed as a chemical weapon. In addi-
tion to causing mucocutaneous blistering, reversible 
leucopenia was noted with these agents. It was not 
until the 1940s that drugs in this class were fi rst used 
in clinical trials for the treatment of haematological 
malignancies  [1] , with promising results. Over suc-
ceeding decades the growing availability of cancer cell 
lines that could be passaged in culture allowed the 
systematic screening of compound libraries for 
further candidate drugs with antimitotic activity. The 
discovery of platinum conjugates, and especially cis-
platin  [2] , led to the breakthrough advance of cures 
in patients with advanced testicular cancer. The 
ability to safely combine multiple cytotoxics in com-
bination regimens further improved clinical activity, 

and was believed to represent a route towards coun-
tering the phenomenon of tumour resistance to 
anticancer therapeutics. Combination drug therapy 
began to make a major contribution to the treatment 
of many lymphomas, especially Hodgkin ’ s disease 
and acute lymphoblastic leukaemia. 

 The hope that further progress in a similar vein 
could be made against common epithelial tumours 
such as breast, colorectal and lung cancer led to the 
development of new classes of cytotoxic drug in the 
closing two decades of the twentieth century. 
However, in general the advent of a variety of new 
classes including taxanes and antimetabolites failed 
to deliver the expected advances, in part due to the 
ability of constantly evolving tumour cell populations 
to develop resistance mechanisms in most patients.  

Roles for systemic therapies 
 Cytotoxic drugs and newer targeted agents may be 
used as the mainstay of treatment in cancer patients 
either with radical or palliative intent. In some dis-
eases, in particular germ cell tumours, aggressive lym-
phomas and some acute leukaemias, chemotherapy 
as a radical single modality may be curative. Unsur-
prisingly, a characteristic common to these diseases is 
rapid proliferation and a high mitotic index. Unfor-
tunately, although the slower growing more common 
epithelial tumours such as lung, breast and colorectal 
cancers do respond to systemic treatment, cure is 
almost never achieved once these tumours become 
metastatic. The intent in this situation is therefore 
palliation (improvement in quality of life through 
control of symptoms), or extension of survival time 
despite a failure to cure. 
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and this is therefore the length of most cycles for 
chemotherapy administered in an intermittent 
schedule.   

 The unwanted effects on normal tissues mediated 
by these drugs are on - target toxicities, and these limit 
the dose that can be administered. It is regarded as 
desirable to administer cytotoxic agents at as high 
a dose as is tolerable, in order to maximise anti -
cancer effi cacy. Therefore traditional dose - fi nding 
studies for these drugs have been designed to reach a 
maximum tolerated dose, with the result that at 
approved doses these drugs and their combinations 
are usually associated with a narrow therapeutic 
index. In routine clinical practice this implies that 
careful assessment of fi tness and co - morbidities is an 
essential prerequisite of prescribing chemotherapy. In 
the context of clinical drug development, early phase 
trials are generally conducted in populations of 
cancer patients, rather than in healthy volunteers, 
because some compensation for toxicity by clinical 
benefi t is at least a possibility.  

Targeted  therapies 
 The last years of the twentieth century, and the fi rst 
decade of the twenty - fi rst, heralded a new era in 

 Advances in the palliative treatment of common 
cancers, including the advent of many new classes of 
targeted therapy, and in the selection of optimum 
therapy and treatment sequence in individual cases, 
have combined in the last decade to transform the 
outlook for many patients. It is now acknowledged 
that some people with incurable disease can expect to 
regard their diagnosis as a chronic disease that can be 
effectively controlled with a series of palliative thera-
pies, combining to dramatically improve both quan-
tity and quality of life. 

 Another application of systemic therapies is their 
use as an adjunct to support other treatment modali-
ties. Adjuvant therapy adds a meaningful reduction 
in risk of relapse, and therefore extends overall sur-
vival, following the surgical treatment of many early 
stage common cancers including breast, colorectal 
and lung. The rationale for this treatment is that even 
if anatomically confi ned to the organ of origin [as 
assessed using the most sensitive staging techniques 
including fl uorodeoxyglucose positron emission 
tomography (FDG - PET)] it is likely that in many 
patients micro - metastases are already present at the 
time of radical local therapy. The detection in patients 
with early stage cancers of circulating tumour cells, 
and of epithelial cells in the bone marrow, support 
this hypothesis. 

 Concurrent or sequential combination of systemic 
therapy with radiotherapy provides a level of effi cacy 
not achievable with either modality alone in some 
settings, in particular locally advanced head and neck, 
lung and some gastrointestinal cancers.  

Cytotoxic  drugs
 A broad class of cancer drugs interacts with some of 
the biological features of mitosis, a cellular process 
clearly essential to a proliferating malignant clone  [3] . 
This group includes agents targeting DNA structure, 
DNA synthesis and the tubulin - based cytoskeletal 
mitotic machinery. This diverse group is summarised 
in Box  13.1 . Targeting the mitotic cell has the inevi-
table consequence of normal tissue toxicity, with 
implications for all organs with a high level of cell 
turnover in health such as hair follicles, mucosal sur-
faces in the gastrointestinal tract and bone marrow. 
Haematopoietic lineages are affected by cytotoxic 
drugs in a chronological sequence dictated by their 
normal circulating half - life. Therefore it is circulating 
leucocytes that are depopulated fi rst, before platelets 
and red cells. The time taken for leucocytes to recover 
following a chemotherapy dose is approximately 3 
weeks in the absence of exogenous growth factors, 

BOX 13.1    Cytotoxic  d rugs 

    Agents targeting DNA structure:

    •      alkylation:  cyclophosphamide, temozolomide, 
melphalan

   •      platinum co - ordination cross - linking:  cisplatin
   •      double stranded cleavage via topoisomerase 2: 

   antibiotics:  doxorubicin, daunorubicine
  podophyllotoxins:  etoposide, teniposide

   •      single stranded cleavage via topoisomerase 1: 

topotecan, irinotecan
   •      intercalation blocking RNA synthesis: 

dactinomycin
   •      uncertain mechanism: 

bleomycin
 Agents targeting DNA synthesis: antimetabolites 

   •      pyrimidine analogues: 

5 - fuorouracil, capecitabine  (fl uoropyrimidines)    

   •      anti - folates 

methotrexate  (DHFR);  pemetrexed  (TS; DHFR)      

 Agents targeting tubulin 

   •      taxanes (stabilise microtubules): 

paclitaxel, docetaxel , novel taxoids    

   •      vinca alkaloids (inhibit tubulin polymerisation): 

vinorelbine, vincristine, vinblastine

     Abbreviations: DHFR, dihydrofolate reductase; TS, 

thymidylate synthase   
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mechanisms giving rise to these mutations are only 
partially understood. In some cancers there is clearly 
a role for chemical carcinogens (cigarette smoke in 
lung cancer). In others, oncogenic viral genes act to 
inactivate tumour suppressors in infected cells, exem-
plifi ed by E6 antigen expressed by human papilloma 
virus. E6 inactivates p53 and contributes to the 
increased incidence of cervical carcinoma in indi-
viduals infected by this virus. 

 Most commonly these genetic events occur in the 
somatic genome, but an inherited susceptibility to 
cancer is present in some relatively rare families. For 
example, a defective allele of the tumour suppressor 
genes BRCA1  or  BRCA2  is inherited by some patients 
with breast cancer. The requirement for a serial accu-
mulation of insults has been referred to as multistep 
tumorigenesis, and in part accounts for the fact that 
cancer is not more common in a large long - lived 
organism such as man. 

 Between 1000 and 10,000 mutations have been 
implicated as contributing to a single human cancer, 
the majority of which affect dominantly acting onco-
genes  [7] . Defects in a critical subset of genes must 
arise in a single cell in order to give rise to a malignant 
phenotype. Known as driver mutations, these are 
believed to make critical contributions to providing 
a survival advantage to the cancer clone, while a larger 
number are likely to be passenger molecular events 
arising in an increasingly unstable genome. This 
genetic instability gives rise to the multiple and het-
erogeneous clones characteristic of a mature cancer. 

 A huge expansion in understanding of these 
aspects of cancer biology has defi ned a large number 
of potential targets for new therapies, a number of 
which have been approved in the past decade.  

Signalling in health and malignant disease
 Cellular signalling pathways composed of extracel-
lular soluble ligands, transmembrane receptors and 
intricate intracellular kinase cascades are ubiquitous 
in nature. Their dysfunction accounts for many of the 
hallmarks of cancer pathophysiology. Physiological 
signalling in healthy tissues is frequently corrupted 
in cancer cells that in many cases owe their malig -
nant phenotype to defects in the genes encoding 
signalling components. The ErbB receptor family 
has been more extensively studied than any other 
signal transduction network. EGFR is a receptor tyro-
sine kinase member of this family, which consists 
of four members: EGFR (HER1/ErbB1), HER2 
(ErbB2), HER3 (ErbB3) and HER4 (ErbB4)  [8] . 
Ligand binding results in rapid receptor dimerisation, 
phosphorylation and activation of intracellular sig-

cancer therapeutics, with the advent of many new 
classes of drug with anticancer effects mediated via 
targets other than the mitotic cell. These drugs are 
often referred to as targeted therapies, or  ‘ novel ’  ther-
apies  [4] . Unlike chemotherapy, and because of their 
different mechanism of action, these newer drugs are 
often not associated with signifi cant myelosuppres-
sion. Nevertheless, on - target toxicities are often 
observed because targets for these agents have some 
physiological role, in addition to their aberrant func-
tion in the cancer cell. In general these targeted agents 
are associated with a higher therapeutic ratio than 
cytotoxic drugs, and in many cases signifi cant effi cacy 
has been observed at very well - tolerated doses.   

Biology of cancer

Cancer as a genetic disease
 Cancer is a genetic disease in that the malignant phe-
notype is driven by a series of genetic aberrations in 
a cell clone that evolves in Darwinian fashion to form 
a tumour. The fi rst recognition of a cellular origin for 
viral oncogenes was made in 1970. Proto - oncogenes 
exist in the normal genome and generally encode 
proteins that have an important role in regulating 
normal cell growth and development. These genes 
have the potential to contribute to tumorigenesis if 
dysregulated, as a result of their key function in regu-
lating proliferation  [5] . Tumour suppressor genes, 
with an antiproliferative effect in the normal cell, are 
another important group of genetic contributors to 
malignant cell behaviour. Tumour suppressor genes 
undergo genetic change such as deletion and mis-
sense mutation, resulting in loss of function in cancer 
cells. MicroRNAs are the products of genes that do 
not encode any protein. These short RNA sequences 
contribute to tumorigenesis by complementing the 
sequence of specifi c mRNAs and so preventing their 
translation. 

 Genetic insults to oncogenes and tumour suppres-
sor genes each contribute to tumour formation by 
affecting key aspects of cancer biology which have 
been called the hallmarks of cancer  [6] . For example, 
the action of oncogenes may lead to abnormal growth 
and proliferation in the absence of appropriate 
signals, failure of programmed cell death, upregu-
lated angiogenesis or unconstrained replication 
potential. Loss of tumour suppressor gene function 
can result in absence of normal signals controlling 
cell division. 

 There may be many hundreds of genetic changes 
to the germline genome in a single cancer cell. The 
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women with tumours expressing oestrogen receptor 
(ER + ), 5 years of adjuvant tamoxifen reduced the 
risk of recurrent disease, and reduced the risk of 
death by 34%  [11] . Tamoxifen has long been the gold 
standard of endocrine treatment in ER +  breast cancer 
but its use is associated with some signifi cant (but 
uncommon) adverse effects including endometrial 
cancer and thromboembolism. Furthermore, a sig-
nifi cant number of women receiving tamoxifen expe-
rience disease recurrence or progression, whether 
they are treated in the adjuvant or metastatic setting. 
There is a therefore a need for further agents to treat 
tamoxifen - resistant disease. 

 Several drugs in the aromatase inhibitor class have 
been developed and are active against ER +  breast 
cancer. Unlike tamoxifen, these drugs are not antago-
nists but block production of oestrogen by preventing 
the last step of oestrogen synthesis (Figure  13.2 ). 

nalling pathways, which in turn leads to cell growth, 
proliferation and differentiation  [9] . ErbB receptors 
undergo various types of alteration and dysregulation 
in human tumours (Figure  13.1 ) including gene 
amplifi cation, receptor over - expression, activating 
mutations, over - expression of receptor ligands and/
or loss of negative regulatory controls  [10] .     

  Rationally  d esigned  t herapies 

 Advances in the understanding of cancer biology 
have directly driven the identifi cation of new targets 
and the development of specifi c therapies directed 
against them. Examples include drug classes directed 
against ligands, receptors, intracellular signalling 
components and cellular machinery such as the pro-
teasome and chromatin (Box  13.2 ).   

  Ligands as a  t arget 
  Oestrogen 
 The growth of hormone - sensitive breast cancer is 
driven by the presence of circulating oestrogen ligand. 
This binds to and activates cytosolic receptors in 
tumour cells, expressed in approximately 75% of all 
breast cancers, which may therefore respond to oes-
trogen deprivation. Removing sites of oestrogen pro-
duction (ovarian surgery or irradiation), antagonising 
oestrogen activity or blocking oestrogen synthesis can 
all reduce available oestrogen. Tamoxifen is a selective 
oestrogen - receptor antagonist that blocks ligand 
binding, thus blocking tumour cell proliferation. In 

a) b)
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     Figure 13.1     Mechanisms of receptor tyrosine kinase 

activation in cancer.  ( a) Binding of upregulated ligand (L) 

to the extracellular domain, or presence of an activating 

kinase domain mutation (jagged arrow), leads to receptor 

dimerisation and autophosphorylation (P) of the 

intracellular kinase domain. Activation of downstream 

signalling events (open arrows) results in proliferation. (b) 

Over - expression of the receptor itself, for example as a 

result of gene amplifi cation in the tumour genome, results 

in inappropriate extracellular domain proximity, and again 

activates downstream signalling.  

 BOX 13.2    Targets for  a nti -  c ancer  t herapies  –  

 e xamples of  a pproved and  i nvestigational  d rugs. 

   •  ligands     steroid hormones:   

   AI s  

   abiraterone   

   VEGF :  

   bezacizumab   

   •  receptors     oestrogen:   

   tamoxifen   

   erbB:   

   cetuximab ,  trastuzumab   

   •  receptor tyrosine kinases  

       erbB:   

   erlotinib ,  gefi tinib ,  lapatinib  etc  

   VEGFR:   

   sunitinib ,  sorafenib , etc  

   •  intracellular kinases  

       BRAF:   

   vemurafenib   

   MEK; mTOR; PI3K   

   bcr - abl:   

   imatinib  etc  

   EML4 - ALK:   

   crizotinib   

   •  proteasome     bortezomib   

   •  chromatin     HDACs   

       demethylase inhibitors   

   PARP inhibitors   

     AI, aromatase inhibitors; HDAC, histone deacetylase; 

PARP, polyADPribose polymerase; VEGF, vascular 

endothelial growth factor; mTOR, mammalian target 

of rapamycin   
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on endothelial cells. Both the ligand and its receptor 
family are the target of rationally designed drugs  [14] . 
Agents targeting VEGF include the monoclonal anti-
body bevacizumab and the soluble VEGF binding 
protein afl ibercept. Bevacizumab has been approved 
for the treatment of a range of solid tumours includ-
ing colorectal, breast and lung cancer. Afl ibercept is 
an engineered soluble receptor from extracellular 
domains of VEGFR - 1 and  - 2. It binds to all isoforms 
of VEGF and has a higher affi nity than bevacizumab 
for VEGF A and B. 

 The VEGF receptor is a target for validated small 
molecular inhibitors  [15] . These multitargeted in -
hibitors include vandetanib, which inhibits EGFR 
and VEGFR - 2, as well as sorafenib, sunitinib and 
cediranib, which have broad specifi city for receptor 
tyrosine kinases including members of the VEGFR 
family. Sunitinib and sorafenib are both approved for 
use in advanced renal cell cancer, and sorafenib is also 
active in hepatocellular carcinoma. Unsurprisingly, a 
prominent toxicity of these agents is hypertension, 
because of the involvement of VEGF in blood pres-
sure homeostasis, although this toxicity is readily 
managed with careful blood pressure monitoring and 
early introduction of antihypertensives.  

Epidermal growth  factor receptor
 As described above, epidermal growth factor receptor 
(EGFR) is a receptor tyrosine kinase (RTK) and a 
member of the ErbB receptor superfamily.  EGFR
over - expression is associated with poorer outcomes 
in various human malignancies; pathways involved in 
EGFR signal transduction therefore represent prom-
ising therapeutic targets. Binding of extracellular 
growth factor ligands to the ErbB receptor family 
causes dimerisation of the receptors, forming 
homodimers or heterodimers. This stimulates their 
tyrosine kinase activity, initiating intracellular signal-
ling cascades. The central role of both EGFR and 

They are aromatase - specifi c and thus have little effect 
on the synthesis of other steroids or on the adrenal 
axis  [12] . The aromatase inhibitors anastrozole, letro-
zole and exemestane have all been compared with 
tamoxifen in randomised studies in the metastatic 
setting. In a large phase III randomized trial letrozole 
demonstrated superior outcomes when compared 
with tamoxifen. Based upon these results, studies of 
aromatase inhibitors in the adjuvant setting were also 
undertaken comparing effi cacy and toxicity with that 
of tamoxifen. In addition to replacing tamoxifen 
with an aromatase inhibitor as an initial adjuvant 
therapy, other strategies that have been investigated 
are switching between tamoxifen and an aromatase 
inhibitor, or the addition of extended adjuvant aro-
matase inhibition after 5 years of tamoxifen.    

Androgen 
 Prostate cancer at presentation is an androgen -
 dependent cancer that responds to either surgical or 
hormonal withdrawal of circulating androgen, until 
the disease enters an inevitable castration - refractory 
phase. There is good evidence that this phase is driven 
by upregulation of androgen receptor, leading to 
increased sensitivity to even low levels of circulating 
and intratumoural ligand. Abiraterone specifi cally 
inhibits the adrenal synthetic enzymes 17 alpha -
 hydroxylase and C17,20 - lyase, is able to signifi cantly 
decrease testosterone production in castration -
 refractory prostate cancer, and is associated with 
marked effi cacy in this disease  [13] .   

Targeting  receptors 
Vascular  endothelial growth  factor and its receptors 
 Vascular endothelial growth factor (VEGF) is a key 
component of a pathway regulating tumour angio-
genesis. Tumour - derived VEGF is the ligand for a 
group of three receptors, VEGFR - 1, 2 and 3 (also 
known as Flt - 1, KDR and Flt - 4, respectively) expressed 

Figure 13.2     Aromatase inhibition. The 

mechanism of action of aromatase 

inhibitors is specifi c for the last step in the 

oestrogen synthetic pathway.  
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targeted tumour, and this drug is approved in both 
these diseases where HER2 is upregulated. In patients 
with HER2 - positive breast tumours, trastuzumab is 
associated with marked survival superiority in both 
the metastatic  [19]  and adjuvant settings.  

CD20
 An early advance in the antibody therapy of human 
cancers was the development of rituximab, an IgG 
antibody specifi c for CD20. This target is ubiqui-
tously expressed in lymphocytes of B - cell lineage, and 
the addition of rituximab signifi cantly improves the 
effi cacy of chemotherapy of aggressive B - cell lym-
phomas  [20] , and has also found a role in the therapy 
of follicular lymphoma.  

Other targets 
 The complexity of signalling networks in the malig-
nant cell is refl ected in the growing diversity of path-
ways that have been targeted to date in clinical trials. 
In addition to the ligands and receptors outlined 
above, many others have been studied including 
inhibitors and antagonists of RTKs and other recep-
tors such as cMet, IGF1R and FGFR  [10] . Targets of 
small molecules inhibiting intracellular kinases 
include mTOR, Akt, PI3K, BRAF and MEK (Figure 
 13.3 ). Some cancers are driven by unique fusion 
kinases resulting from translocations in the cancer 
genome, targets for specifi c inhibitors. Examples 
include inhibition by imatinib and other drugs of the 
fusion kinase encoded by  BCR - ABL  on the Philadel-
phia chromosome resulting from a balanced translo-
cation in most cases of chronic myeloid leukaemia 
(CML; see later), and targeting with crizotinib of the 
EML4 - ALK  fusion gene product present in about 5% 
of non - small cell lung cancers (NSCLC).   

 Some tumour suppressor gene products are 
degraded by the proteasome and so this intracellular 
protein complex is an attractive target for cancer 
therapy. Bortezomib has established activity in mul-
tiple myeloma  [21] . The structure of chromatin, and 
hence the expression of genes controlling the malig-
nant phenotype, can be modulated by histone 
deacetylase or demethylase inhibition  [22] . Therapy 
targeting mechanisms maintaining the integrity of 
the cancer genome itself, especially poly - ADP - ribose 
polymerase (PARP), have proven clinically effective 
especially in tumours occurring on a background of 
germline heterozygosity for DNA repair genes such as 
BRCA1  and  BRCA2 , discussed further below  [23] . 
Such tumours become more dependent on parallel 
DNA repair pathways than are surrounding normal 

HER2 in the development of many malignancies 
explains the considerable clinical impact of therapies 
targeting these two receptors. The past two decades 
have seen the development of both monoclonal anti-
bodies and tyrosine kinase inhibitors (TKIs) specifi c 
for ErbB family members. 

 Erlotinib and gefi tinib are small molecule reversi-
ble inhibitors, showing selectivity for the intracellular 
tyrosine kinase domain of EGFR  [16] . These orally 
bioavailable drugs prevent ATP binding and auto-
phosphorylation of the EGFR tyrosine kinase. Trials 
in unselected patient populations resulted in response 
rates of 10 – 19% (reviewed in  [17] ). Modest improve-
ment in overall survival was observed in comparison 
with placebo in randomised trials with these agents. 
Further analyses from these studies reported varia-
tions in effi cacy according to clinical characteristics 
and molecular biomarkers. Therefore, these clinical 
characteristics and, more recently, molecular analysis 
may have the potential to predict response to the fi rst 
generation EGFR inhibitors (see section on patient 
selection later). 

 Cetuximab is a chimeric immunoglobulin G (IgG) 
monoclonal antibody against the extracellular 
domain of EGFR, approved for use in colorectal, head 
and neck, and lung cancers. The use of receptor - tar-
geted antibody therapies offers two potential mecha-
nisms of action, adding the potential for activation of 
immune mechanisms to the signalling inhibition also 
seen with small molecules. All antibodies approved 
for cancer therapy belong to the IgG subclass, and as 
such are able to recruit cells such as NK expressing 
Fcγ  receptor, which in turn can have cytotoxic or 
phagocytic effects on the tumour cell. Several current 
and future strategies in the development of antibody 
therapies are directed at improving or broadening the 
affi nity of these molecules for their receptors on 
immune effector cells.  

HER2
 Binding of ligand to the extracellular domain of RTKs 
induces receptor dimerisation, both between the 
same and different (heterodimerisation) receptor 
subtypes. Heterodimerisation is assumed to be of 
particular signifi cance for HER2  [18] , for which no 
endogenous ligand has been identifi ed.  HER2  ampli-
fi cation can lead to constitutive proliferative signal-
ling in the absence of ligand, and has been detected 
in a wide range of tumour types including those 
originating from breast and stomach. The effi cacy of 
the anti - HER2 monoclonal antibody trastuzumab 
appears to depend on HER2 over - expression in the 
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inhibitors (erlotinib, gefi tinib; see later). Other 
biomarkers predictive of toxicity are polymorphisms 
in the patient ’ s somatic genome  [24] . 

  Lung  c ancer and   EGFR    m utations 
 Approximately 90% of NSCLC cases are associated 
with tobacco exposure. Cancers in the remaining 10% 
have long been recognised as occurring with relatively 
greater frequency in younger, female, non - smoking 
patients, most often with a particular histology (ade-
nocarcinoma). It is now recognised that these clinical 
characteristics are a surrogate for a distinct underly-
ing biology that drives the malignant phenotype in 
these cases. This biology is associated with upregula-
tion of EGFR signalling, and in particular mutations 
in the tyrosine kinase domain of this receptor. 

 Sensitivity to EGFR inhibition with TKIs such as 
geftinib and erlotinib is associated with activating 
 EGFR  mutations  [25 – 27] .  EGFR  kinase domain 
mutations are found in four exons  [18 – 21]  which are 
in close proximity to the ATP - binding pocket. In -
 frame deletions in exon 19, and an exon 21 substitu-
tion (L858R), are the most common mutations, 
together representing 85 – 90% of all  EGFR  mutations 
found in NSCLC. The location of these mutations 

cells, allowing targeting of DNA repair that is highly 
selective for tumour cells through a process that has 
become known as synthetic lethality. 

 Other approaches showing promise are immuno-
therapies including vaccines, antisense technology, 
oncolytic viral therapy and antibody conjugates 
(selectively delivering cytotoxics, radioisotopes or 
cytokines).    

  Pharmacogenetics, 
 p harmacogenomics and  p atient 
 s election for  t reatment 

 Specifi c somatic alterations in the cancer genome 
have been described that serve as biomarkers predic-
tive for clinical benefi t with some anticancer drugs. A 
number of these may in retrospect seem predictable 
given a drug ’ s mechanism of action, an example being 
the use of the HER2 - specifi c trastuzumab only in 
those patients with  HER2  amplifi cation in their 
tumour. Other predictive somatic genetic events 
include the  BCR - ABL  chromosomal translocation in 
CML sensitive to imatinib, and  EGFR  mutations 
in non - small cell lung cancer responding to EGFR 

     Figure 13.3     Some targets for novel anticancer therapies. Drugs that have completed phase III trials or are approved are 

shown as examples. Drugs specifi c for numerous further targets, including MEK, PI - 3 - kinase, histone deacetylase and 

VEGFR, are in clinical development..  
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of effi cacy in an individual case then it is clear that 
harm may result despite the best therapeutic inten-
tions. Some of the variation in clinical outcome 
between individuals results from genomic polymor-
phism. For example, patients carrying one of four 
variants in the  DPYD  gene encoding dihydropyrimi-
dine dehydrogenase, present in 5% of the UK popula-
tion, experience signifi cant toxicity to 5 - fl uoruracil 
 [31] . Similarly, the number of dinucleotide repeats in 
the promoter of  UGT1A1  is associated with increased 
toxicity of irinotecan because of reduced metabolism. 
Testing for these predictive mutations prior to therapy 
has been proposed, so that dose reduction or alterna-
tive therapy may be offered. Such personalised strate-
gies are already being successfully used in other health 
disciplines, for example to optimise the effi cacy of 
azathioprine treatment of patients with infl amma-
tory bowel disease. The application of therapeutic 
drug monitoring, as used in the routine prescribing 
of oral anticoagulation and post - transplant immuno-
suppression, also theoretically has a role but this 
approach has not been adopted routinely in 
oncology.   

Resistance mechanisms

 Heterogeneity in resistance mechanisms provides 
part of the explanation for variation in effi cacy of 
systemic therapies between patients, even those with 
the same histological diagnosis. Some drug resistance 
is present  de novo , but this may also be acquired as a 
result of the selection pressure of the therapy itself. 
These mechanisms can be described as either phar-
macokinetic or genetic. 

 A number of pharmacokinetic resistance mecha-
nisms are driven by membrane transporter proteins, 
especially members of the multidrug resistance family 
such as MDR1, also known as P - glycoprotein (Pgp). 
These proteins can drive ATP - dependent effl ux of 
drugs from cancer cells  [32] . Some other resistance 
mechanisms arise from somatic genetic events in the 
cancer genome that alter the structure of the drug 
target. 

BCR-ABL mutations and resistance to 
imatinib
 A translocation between chromosomes 9 and 22 gives 
rise to expression of the fusion kinase BCR - ABL in 
most cases of CML. Imatinib is a small molecule 
inhibitor specifi c for this fusion kinase, with a high 
therapeutic ratio because the target is expressed 

leads to an alteration in the catalytic site, resulting in 
enhanced affi nity for the competitive TKI relative to 
ATP substrate. Retrospective analyses show superior 
outcomes including response rates of up to 75% 
in patients with activating mutations treated with 
EGFR - specifi c TKIs. The value of  EGFR  mutations in 
the selection of lung cancer patients for treatment 
with these drugs has recently been validated in a 
series of randomised trials  [28,29] . These trials com-
pared fi rst - line TKI treatment with platinum - based 
chemotherapy, long the standard of care in this 
setting. In patients with  EGFR  mutations, time to 
disease progression was superior for fi rst - line gefi t-
inib or erlotinib when compared with chemotherapy. 
Results from these studies suggest that therapy for 
NSCLC should be tailored according to mutation 
status in order to improve patient outcome.  

BRCA1, BRCA2 mutation and PARP inhibition
  PARP is an enzyme activated by damage to the 
genome and involved in DNA repair. PARP1 acts at 
DNA single strand breaks via the mechanism of base 
excision repair (BER). PARP synthesises ADP - ribose 
polymers, which protect the strand break and provide 
a scaffold for assembly of the DNA repair complex. 
BRCA1  and  BRCA2  are tumour suppressor genes 
encoding proteins critical for DNA repair and 
genomic stability. BRCA - defi cient cells are dependent 
on BER because alternative repair mechanisms are 
inactivated. PARP inhibition can induce synthetic 
lethality in cells where  BRCA1  or  BRCA2  are mutated, 
by inhibiting the alternative BER repair pathway. In 
patients with BRCA protein loss due to hereditary 
mutation of one  BRCA  allele, and somatic loss of the 
other allele in their tumour, inhibition of PARP func-
tion creates irreparable damage to tumour DNA. By 
contrast, normal tissues heterozygous for BRCA 
function are unaffected. The predicted combination 
of effi cacy and tolerability has been confi rmed in 
patients selected for genomic  BRCA  mutation  [23] . 

 PARP inhibition may also have a critical role in 
tumours presenting features of  ‘ BRCAness ’   [30] , in 
which other genetic changes occur in sporadic 
tumours to create a phenotype similar to that of 
BRCA  mutation carriers. These tumours may also be 
vulnerable to PARP inhibitors in combination with 
DNA damaging agents. Biomarkers useful for patient 
selection in this setting are yet to be identifi ed.  

Prediction of  toxicity 
 Anticancer drug therapy can be associated with sig-
nifi cant toxicity. If this occurs in the context of lack 
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of EGFR, which perhaps unsurprisingly predicts lack 
of benefi t in colorectal cancer  [38] . 

 Several approaches are being developed to over-
come the limitations of associated resistance to fi rst 
generation TKIs, including the development of novel 
inhibitors with (i) broader specifi city with increased 
potency for multiple receptor targets, and (ii) irre-
versible (covalent) binding at the active site. 

Multiple targets 
 Cancer development and progression is driven by a 
variety of complex biological processes. The molecu-
lar signalling pathways in a tumour are adaptable and 
redundant  [9] , exemplifi ed by the ErbB receptor 
family members. This allows HER2, which has no 
identifi ed ligand, and HER3, which has no kinase 
activity, to become actively involved in signalling. 
This combination of complexity and redundancy in 
the cancer cell implies that therapy focusing on a 
single target may be unlikely to achieve adequate 
long - term disease control for many patients. Target-
ing multiple receptors with a single agent can poten-
tially overcome resistance driven by molecular 
heterogeneity, and hence improve effi cacy. Lapatinib, 
a reversible inhibitor of both EGFR and HER2, is 
active in HER2 - positive metastatic breast cancer, a 
disease in which inhibitors of EGFR alone are not 
active. It is approved for use in combination with 
capecitabine chemotherapy  [39] . This approach is 
analogous to the class of multitargeted  ‘ dirty ’  drugs 
that owe effi cacy in inhibiting angiogenesis to their 
ability to inhibit multiple pathways activated by 
VEGF and related ligands, including VEGFR - 1 and 
 - 2, platelet derived growth factor  α  and  β , c - Kit, and 
fms - like tyrosine kinase 3.  

Irreversible  binding
 The acquisition of resistance mutations in the  EGFR
gene, such as T790M described above, interferes with 
reversible erlotinib and gefi tinib binding at the active 
site, and suppresses the inhibition of EGFR signalling 
in NSCLC. An attractive feature of a number of novel 
second generation inhibitors of ErbB receptors is 
irreversible binding to the target receptor. In preclini-
cal studies these irreversible inhibitors effectively 
inhibit EGFR signalling even in gefi tinib - resistant cell 
lines harbouring the T790M mutation. Prolonged 
suppression of EGFR kinase activity results from 
covalent elimination of kinase activity until the syn-
thesis of new receptors. Therefore the irreversible 
covalent binding of novel ErbB inhibitors may poten-
tially overcome resistance to fi rst generation inhibi-
tors associated with the T790M mutation. A number 

in malignant cells only. Complete haematological 
response was seen in 53 of 54 patients treated at doses 
of  ≥ 300   mg  [33] . The rational design and spectacular 
effi cacy of this TKI ensured that imatinib became 
widely recognised as the paradigm for a new genera-
tion of targeted therapies. However, resistance can 
occur through selection for a further genetic event 
affecting the structure of BCR - ABL. Second genera-
tion inhibitors (nilotinib and dasatinib) are active in 
patients resistant to imatinib, so that patients can be 
treated sequentially with these drugs according to 
emergent resistance mutation. However, even these 
newer drugs are inactive against one  BCR - ABL  muta-
tion, namely T315I  [34] . A further generation of 
agents with activity against T315I is in development.  

Molecular markers of  resistance
to EGFR inhibition
 Acquired resistance inevitably develops in patients 
benefi ting from EGFR inhibition, even in patients 
with activating  EGFR  mutations. A number of mech-
anisms, in particular second  EGFR  mutations, are 
associated with the development of resistance to TKI 
therapy following initial response. Approximately 
40 – 50% of acquired resistance to fi rst generation 
EGFR inhibitors can be accounted for by the T790M 
mutation, the most common resistance event, in exon 
20 of the  EGFR  kinase domain  [35] . This mutation 
results in the insertion of a bulky methionine residue 
at the active site and is analogous to the T315I gate-
keeper mutations seen in CML. A molecular analysis 
of circulating tumour cells from TKI - na ï ve patients 
with metastatic NSCLC found the T790M mutation 
in 38% of patients. The presence of T790M even 
before patient exposure to TKI was associated with a 
signifi cantly shorter progression - free survival com-
pared with patients who did not have detectable levels 
of T790M  [36] . This is therefore a resistance mecha-
nism waiting to happen when driven by TKI selection 
in some cases. Other less common  EGFR  mutations 
can also lead to resistance. Alterations in parallel sig-
nalling pathways may also overcome the effects of 
TKI therapy, such as  MET  amplifi cation  [37] . 

 The presence of mutations in other signalling com-
ponents may be associated with intrinsic resistance 
and the lack of sensitivity to TKI therapy. An activat-
ing KRAS  mutation is present in 15 – 25% of lung 
adenocarcinomas and is associated with  de novo  lack 
of sensitivity to EGFR TKIs. Similarly, selection of 
patients for treatment with monoclonal antibodies 
specifi c for EGFR, such as cetuximab, is informed by 
the presence of activating mutation in the  KRAS
oncogene, encoding a downstream signalling partner 
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More recently, with the advent of better tolerated tar-
geted agents, initial dosing in healthy volunteers is 
more commonly undertaken, especially where the 
toxicity profi le is predictable from other drugs in the 
same class. For example, single dose administration 
to explore initial pharmacokinetics can often be best 
conducted in this way. This strategy reduces the risk 
of exposing cancer patients to sub - therapeutic doses. 

 The most common dose escalation scheme remains 
the traditional  ‘ 3 + 3 ’  design, in which three patients 
are fi rst treated at a given dose, with a further three 
added if a single dose limiting toxicity (DLT; as pre -
 defi ned for each study) occurs. If no DLT is seen in 
the fi rst three patients, or in no more than one of six 
patients in an expanded cohort, then dose may be 
escalated for the next cohort. A dose at which two or 
more DLTs occur is regarded as intolerable, and a 
dose level below this is likely to be explored as 
maximum tolerated dose (MTD). There is no statisti-
cal basis to this trial design, but it has proved practical 
and informative in the development of countless 
drugs. Nevertheless, newer strategies including accel-
erated dose escalation and the continuous reassess-
ment method are becoming more widely adopted 
 [41] . Continuous reassessment, based on Bayesian 
statistics, aims to adjust dose increments and cohort 
sizes by taking into account emergent toxicity data, 
and has the potential for reducing the time and 
sample number required in a dose escalation trial. 

 The usual pharmacokinetic parameters such as 
Cmax ,  t1/2  and AUC are collected in cancer phase I 
studies, and may inform key decisions including dose 
escalation and dosing schedule. These data answer 
the fundamental question of whether drug can circu-
late at adequate concentrations to allow therapeutic 
effect, as predicted from target plasma concentration 
established in preclinical models. 

 Whether drug delivered to tumour can accumulate 
there and exert a biological effect requires on - treat-
ment tumour biopsy, allowing pharmacodynamic 
analysis such as Western blotting of phosphoproteins 
in a study of a kinase inhibitor. Serial sampling of 
tumour is preferred to collection of surrogate tissues 
such as skin or peripheral blood mononuclear cells. 
This is because drug penetration of normal tissues 
may differ from that in tumour, where abnormal vas-
culature and hypoxia may give rise to very different 
localised pharmacokinetics. In general, patients par-
ticipating in phase I cancer trials are perhaps surpris-
ingly willing to undergo these procedures. Further 
insight into the effect of drug on tumour may be 
provided by functional imaging, for example evaluat-
ing tumour perfusion or vessel permeability using 

of new generation TKIs in this class are undergoing 
clinical investigation  [17] .    

Cancer drug discovery and 
preclinical  development

 Traditional cancer drug discovery relied heavily on 
screening large compound libraries for activity 
against cancer cell lines in culture, initially murine 
leukaemias, and later human cancer cell lines. Many 
of these compounds were originally natural products, 
such as the vinca alkaloids (derived from the periwin-
kle) and taxanes (including paclitaxel, originally 
available only by extraction from the pacifi c yew). 
More recently, small molecular pharmaceuticals are 
rationally synthesised with reference to target crystal 
structures and optimised via  in silico  modelling and 
combinatorial chemistry. Of course, structural mod-
elling techniques may be rational, but they offer no 
guarantee that a resulting lead compound will have 
desirable pharmaceutical properties, which may 
require optimisation using traditional preclinical 
pharmacology approaches. 

 An early step in the validation of novel target and 
therapy combinations is assessment of effi cacy in 
cancer cell lines, which since their fi rst use in the 
mid - twentieth century have now been derived from 
all common human cancer types. Widely used  in vivo
preclinical models in rodents include xenografts 
(immunocompromised animals bearing tumours 
derived from other species including human) and 
transgenic animals. Transgenics null for tumour sup-
pressor genes in some cases spontaneously develop 
tumours; conditional knockouts can allow tissue -
 specifi c gene targeting and tumorigenesis. 

 The importance of preclinical toxicity testing for 
modern rationally designed targeted drugs has 
recently been revisited. Non - human toxicity data 
might be informative for a new cytotoxic which is 
expected to target mitosis in any mammalian cell, but 
the exploration in animals of on - target toxicity for 
precisely targeted agents, especially species - specifi c 
monoclonal antibodies, may be falsely reassuring  [40] .  

Clinical trials in oncology

Phase I trials
 There is a long tradition of conducting phase I oncol-
ogy trials in patients with advanced cancer as opposed 
to healthy volunteers. This has been because of the 
low therapeutic ratio expected for cytotoxic drugs. 
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a life - threatening diagnosis to placebo, or to no treat-
ment, in indications where there is no standard care. 
Response rate (RR) was an obvious endpoint to focus 
on when most agents studied were cytotoxic, and 
expected to shrink tumours if active. RR in these 
phase II trials is compared with historical controls, if 
available. Multiple experiences of promising phase II 
activity followed by a negative phase III trial, as well 
as a shift to studies of targeted agents, have led to a 
renewed emphasis on randomisation in phase II trials 
 [48] . Evidence - based treatment options in many 
cancers have expanded over recent years, so compara-
tors for control arms are more likely to exist, although 
in some settings placebo control may still be appro-
priate. Strategies for reducing exposure to placebo are 
discussed below. 

 Another endpoint commonly used for effi cacy 
assessment in phase II trials of cancer drugs is pro-
gression - free survival (PFS, time from randomisation 
to disease progression), which may be a more mean-
ingful surrogate of clinical benefi t. PFS is also likely 
to allow a more appropriate assessment of effi cacy of 
newer drug classes with mechanisms of action likely 
to block proliferation rather than induce apoptosis 
and tumour shrinkage. 

 Assessment of disease status in solid tumours is 
generally performed using computed tomography 
(CT) scanning, and reproducible quantifi cation of 
this is essential for determination of RR and PFS. An 
arbitrary but widely accepted technique for evaluat-
ing disease status is provided by the response evalu-
ation criteria in solid tumours (RECIST) in which the 
long axis of selected target lesions is summed to 
provide a total measurement  [49] . Progression of 
disease is defi ned as an enlargement of the RECIST 
measurement by more than 20%, and conversely 
reduction by more than 30% represents a partial 
response (complete response if no assessable disease 
remains). RECIST disease assessment has, however, 
been widely criticised as being cumbersome and mis-
leading, and some have argued for the use of RECIST 
to be  ‘ resisted ’   [50] . Nevertheless, RECIST criteria 
have led to a useful international standard. 

 Additional imaging modalities such as PET and 
functional MRI are also frequently used in phase II 
trials to assess effi cacy and explore mechanism of 
action  [51] . In some patients, measurable disease by 
radiological imaging is not present and other meas-
ures of tumour burden are being evaluated as inter-
mediate endpoints of clinical benefi t, for example 
circulating tumour secreted proteins (tumour 
markers), tumour cell counts and circulating plasma 

magnetic resonance imaging (MRI) techniques. 
However, few such imaging endpoints are validated 
for making go/no - go development decisions. 

 As in other areas of experimental therapeutics, the 
primary objectives of a phase I oncology trial are to 
study the safety profi le of the drug and to establish a 
recommended phase II dose (RP2D). Traditionally, 
dose is escalated to the MTD, but for drugs with 
known mechanism of action and available assays to 
demonstrate target inhibition an alternative is to 
determine an optimal biological dose  [42] . This end-
point may appear better suited to trials of rationally 
designed targeted therapies where activity might be 
expected below the MTD, but nevertheless it has not 
become established as a standard  [43] . This is because 
of concern that a reliance on the demonstration of 
pharmacodynamiceffect in tumour may increase the 
risk of selecting an RP2D below maximal clinical 
activity, which might occur if the drug ’ s mechanism 
of action is incompletely understood, or biomarkers 
of effi cacy are misleading in samples from heteroge-
nous tumours  [44] . Ideally, randomised phase II trials 
should compare biologically active doses with the 
higher MTD. If escalation to MTD is not possible, as 
with some new well - tolerated non - cytotoxic agents, 
RP2D may be selected based on pharmacokinetic and 
pharmacodynamic parameters. 

 The likelihood of effi cacy is clearly an important 
metric when discussing trial participation with 
patients. Assessment of response is never a primary 
objective in a phase I trial, but where seen this is of 
course extremely encouraging. There is evidence, in 
the current era of rationally designed drugs and with 
many trials combining novel agents with more estab-
lished therapies, that on average 11% of phase I 
patients experience a partial response  [45] . Protocols 
should preferably be written to allow enrichment 
with patients whose tumours express biomarkers 
believed to be predictive of response, and this can 
accelerate progression into late phase trials in the 
appropriately targeted population  [46] .  

Phase II trials
 Compared with other disciplines, phase II trials in 
oncology have often been conducted as single arm 
(non - randomised) studies with response rate as the 
primary endpoint. Two - stage designs incorporating 
early stopping rules in the event of lack of effi cacy are 
widely used for ethical purposes to minimise the 
numbers of patients treated on an ineffective agent 
 [47] . Lack of randomisation in cancer studies may 
have arisen from a reluctance to allocate patients with 
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QALY (quality - adjusted life year), so that greater 
value is attached to a year ’ s extra survival at a perfect 
level of fi tness than to the same period at an impaired 
level of function  [55] . 

 Phase III trials are large undertakings including 
sometimes thousands of patients treated at hundreds 
of centres, and are therefore costly to conduct. It is 
self - evident that measures should be taken to maxim-
ise the chances of success, but in the era of targeted 
therapies this has not always occurred. In fact oncol-
ogy drugs are less likely to progress successfully 
through clinical development than most other clini-
cal disciplines, with only 5% of cancer drugs awarded 
investigational new drug status going on to gain mar-
keting approval  [56] . By contrast, some of the most 
important phase III results with novel agents have 
been obtained through careful selection of patients 
with tumours expressing the target, as in trials of 
trastuzumab in HER2 +  breast cancer, or EGFR inhi-
bition in  EGFR  - mutated NSCLC  [19,28] . It is impor-
tant to note that the predictive value of biomarkers 
such as  HER2  amplifi cation or  EGFR  mutation can 
only be defi nitively confi rmed in a randomised trial 
because this is the only way to exclude a purely prog-
nostic effect of these markers. 

 The inclusion of a placebo arm in an oncology trial 
can be problematic and may impair recruitment 
because of patients ’  negative perceptions of this 
design. A number of strategies have been proposed 
for minimising exposure to placebo, including 
weighted randomisation and crossover design. Cross-
over is particularly suitable if overall survival is not 
the primary endpoint, and allows patients on the 
placebo arm to receive experimental treatment upon 
progression. Interim analyses conducted by a robust 
data monitoring committee help to keep the sample 
number to a minimum and so minimise exposure to 
placebo in the control arm. Finally, the randomised 
discontinuation design (Figure  13.4 ) allows all sub-
jects to be treated with the experimental agent before 
a randomisation is conducted only in those who 
neither respond (who continue on study drug) nor 
progress (who discontinue)  [57] .     

Current  issues in oncology clinical
drug development

Improving the  odds of success
of phase III trials
 There is evidence that the clinical development of 
new agents for the treatment of cancer is less effi cient 

nucleic acids. Prostate - specifi c antigen is shed into 
the plasma in proportion to tumour burden, and cri-
teria for prostate - specifi c antigen change in response 
to trial therapies have been agreed  [52] . Phase II trials 
provide an opportunity for development and initial 
validation of novel biomarkers to inform patient 
selection for future studies. This is especially impor-
tant for therapies with a defi ned target where market-
ing approval may not be granted in the absence of a 
companion diagnostic to maximise effi cacy in a 
defi ned patient population.  

Phase III trials
 As in other disciplines, phase III trials in oncology are 
randomised studies and wherever possible are 
designed so that both patient and investigator are 
blind to the treatment allocation  [53] . The control 
arm may be placebo if there is no currently available 
evidence - based active treatment, or may be a stand-
ard treatment. Blinding may not be possible if, for 
example, an oral therapy is being compared with 
another administered parenterally. Key eligibility cri-
teria include histological diagnosis, stage, prior thera-
pies and performance status (an important measure 
of fi tness and symptom burden)  [54] . Upper age 
limits are rarely appropriate, but older patients have 
historically been signifi cantly under - represented in 
phase III oncology trials, clearly an undesirable situ-
ation when most common cancers are more common 
in older patients. An accepted primary endpoint for 
phase III oncology trials is overall survival, which has 
the advantages of a lack of ambiguity or bias. However, 
as the treatment armamentarium expands in many 
tumour types, this endpoint is increasingly likely to 
be confounded by post - study therapies. As a result, 
PFS is increasingly accepted for registration trials. 
RECIST measurements in serial CT scans are gener-
ally used to assess this endpoint. PFS has clinical rel-
evance in many cases because disease progression in 
metastatic cancer often causes worsening symptoms 
and deterioration in quality of life (QoL). 

 Prospective assessment of QoL is desirable in phase 
III trials. This is especially the case in oncology where 
any improvements in symptoms, overall survival or 
PFS need to be counterbalanced by consideration of 
potentially considerable toxicity. The UK National 
Institute for Health and Clinical Excellence (NICE) 
analyses measures of effi cacy including QoL and takes 
into account drug pricing when evaluating cost - effec-
tiveness for use of new therapies in the National 
Health Service. NICE uses a measure of benefi t that 
corrects survival improvement for QoL, called a 
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preclinical data may be falsely reassuring as occurred 
in a phase I study of an immuno - stimulatory anti -
 CD28 antibody agonist. Despite acceptable toxicity 
fi ndings in non - human primates, the fi rst six patients 
treated in a phase I clinical trial all experienced life -
 threatening cytokine storm resulting from uncon-
trolled T - cell activation  [58] . The best available 
preclinical exploration of safety should of course 
continue to be required, but for the development 
of highly specifi c agents such as antibodies the 
use of conventional animal studies, especially those 
in primates, should not be mandated where infor-
mation relevant to human use is unlikely to be 
forthcoming. 

 Improvements in study design are required, as dis-
cussed earlier, to reduce the rate of failure at the stage 
of late phase trials of new drugs for cancer, but there 
is also a pressing need to address the regulatory 
burden placed on those conducting clinical studies in 
cancer, as in other disciplines  [59] . Such changes are 
likely to reduce delays in the development of new 
treatments for diseases where a high level of unmet 
need remains, without materially compromising the 
safety of trial participants. 

 One aspect of new drug regulation that has evolved 
to provide earlier patient access to new agents is accel-
erated approval  [60] . Here, interim approval is 
granted on the basis of results of early clinical trials, 
on the understanding that post - approval studies will 
be completed. This approach allows for drug approval 
based on the use of surrogate endpoints  ‘ reasonably 
likely to predict clinical benefi t ’ , response rate being a 
typical surrogate in oncology. Accelerated approval is 
especially appropriate where dramatic clinical benefi t 
is demonstrated in early phase trials conducted in 
patients selected for expression of the drug target, as 

than for many other indications  [56] . In recent years 
this has at least in part been due to the failure of many 
phase III trials. This might seem paradoxical in the 
era of rationally designed drugs now designed to hit 
targets known to drive human cancer, but disappoint-
ingly few late phase trials have been conducted in 
patient groups defi ned by expression of the target in 
their tumour. In the absence of this patient selection, 
effi cacy in a subset of patients is likely to be diluted 
by the absence of benefi t in the majority where the 
target is absent, with consequent failure to show sta-
tistically and/or clinically meaningful difference in 
median outcomes. The preferable strategy is to adopt 
a patient selection approach from late phase I, assum-
ing an appropriate biomarker is available. This opti-
mises the chance of demonstrating effi cacy (or lack 
of it) early on in clinical development, and of begin-
ning the validation of a companion diagnostic along-
side the new therapy. 

 The explosion of new knowledge in cancer biology, 
and the associated plethora of new potential thera-
peutic targets, places an additional pressure on the 
clinical drug development community, namely how 
to prioritise and pick winners early. Careful design 
and conduct of studies in appropriate patient popula-
tions allows the possibility of establishing proof of 
mechanism, and evidence of effi cacy, prior to initia-
tion of costly phase III trials. 

  Regulation of  c ancer  d rug  d evelopment 
 The standards of preclinical safety assessment 
required for the new generation of targeted therapies 
are the subject of ongoing debate. Conventional tox-
icity studies in animals may provide limited infor-
mation relevant to human use in the context of 
potent species - specifi c novel agents  [40] . Indeed, 

     Figure 13.4     Randomised discontinuation 

trial design. All patients are exposed to 

study drug for a run - in period after 

recruitment. This reduces exposure to 

placebo for patients who benefi t 

signifi cantly. It also increases the 

homogeneity of the sample prior to 

randomisation, increasing study power.  
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achievable as this technology becomes rapidly more 
cost - effective. 

 For reasons associated with the practicalities of 
clinical drug development, new anticancer agents are 
studied fi rst in patients with advanced disease, and 
some of the signifi cant advances made in the treat-
ment of many of these patients groups have been 
described above. While many of these therapies have 
succeeded in delivering extended periods of good 
QoL, long - term survival is still not expected in meta-
static cases of the common malignant diseases. This 
is largely due to resistance mechanisms, some of 
which are themselves becoming better understood at 
a molecular level. By contrast, the use of systemic 
therapies in the adjuvant setting is already proven to 
increase the chances of cure in several common 
cancers if treated when still at an early stage, and the 
clinical benefi ts of newer therapies will be amplifi ed 
in this setting  [62] . 

 The cost of cancer care continues to escalate, and 
it has been projected that by 2020 spending in the 
USA will have risen in real terms by 600% in 30 years 
 [63] . This problem is amplifi ed in less developed 
nations, where already limited resources are chal-
lenged by rapid increases in the incidence of cancer. 
This in turn is driven by factors including the effects 
of increased longevity resulting from improved 
control of infectious diseases, and the rapid acquisi-
tion of lifestyle choices associated with cancer risk, 
such as tobacco consumption and dietary change. 
Initiatives such as careful patient selection based on 
predictive biomarkers, and changes to clinical trial 
design to allow earlier go/no go decision - making, will 
become increasingly important in controlling drug 
costs. The combination of rational therapy design, 
and careful biomarker - driven patient selection, 
provide the opportunity to make step changes in 
clinical outcomes to contrast with the modest incre-
ments made with many previous advances  [64] .  
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14  Ethics of  h uman  e xperimentation  
Jane Barrett 
  The Barrett Consultancy, Gawsworth, UK       

Introduction 

    “ The ethical basis of all [medical] research is 
that information gained from one patient ’ s 
experience should, where feasible, be used to 
help others and to reduce suffering. ”  

 British Medical Association  [1]    

 This chapter reviews the origins of modern human 
experimentation, the ethical issues stemming there-
from, and situations today where such a statement 
should be unchallenged.  

Principles of ethical
biomedical research 

 Ethical research involving humans has its basis in 
four principles, fi rst described for the wider fi eld of 
biomedical ethics in 1979 by Beauchamp and Chil-
dress  [2]  (similar principles are described in the 
Belmont Report  [3] , written concurrently by Beau-
champ and others):
    •      benefi cence;  
   •      non - malefi cence;  
   •      autonomy; and  
   •      justice.    

 Benefi cence  [4]  in this context means that research-
ers must balance the benefi ts of treatment against any 
potential risks. People should expect that doctors 
have a positive duty to do good things to them. In the 
research scenario, benefi cence at patient level might 
not be apparent in a placebo - controlled study, where 

those receiving placebo cannot benefi t from any 
effects of the treatment under investigation. Here one 
could argue that there is benefi cence (potentially) to 
humanity if a new treatment will be proved effective. 
That is, the aim should always be for net benefi t over 
harm in a clinical research setting. The concept of 
equipoise is also relevant here; if one does not know 
whether or not a treatment will be effective, compari-
son with placebo is generally held to be acceptable. 

 Non - malefi cence means the avoidance of harm; 
patients must not be deliberately harmed by their 
doctors. While all treatments have the potential to 
harm some individuals, potential harm and potential 
benefi t should not be out of balance. 

 Individual autonomy accepts and respects the fact 
that adults of sound mind have the right to decide 
what happens to their own bodies  [5,6] . Some doctors 
treating patients withhold full information because it 
might distress them; this paternalistic attitude can be 
said to represent benefi cence. In a research setting, 
however, this benefi cence would be misplaced, as it 
confl icts with autonomy. 

 Justice, or rather distributive justice, in the context 
of clinical research means that everyone, of either 
gender, any race, nationality or age, has an equal right 
to have medicines tested for them and on them. Risk 
and benefi t should be evenly distributed among all 
groups. The exclusion of certain patient groups such 
as children, women and the elderly from research may 
stem from a desire to protect, but in fact more often 
has the opposite effect, and can indeed put them at 
greater risk. In other words, those deliberately 
excluded from research without sound reason are 
denied distributive justice.  
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ceuticals for Human Use (ICH)  [14] , the World 
Health Organization Good Clinical Practice Guide-
lines (WHO GCP)  [15]  and the European Union 
Clinical Trials Directive 2001/20/EC  [16]  (see Appen-
dix  3 . In this context Appendix  2  Agreements and 
Guidelines for Implementation of Clinical Trials is 
also relevant). 

History

 The statement of these principles was not the fi rst 
description of necessary ethical considerations for 
research in humans; issues about consent in such cir-
cumstances preceded them by a century. In the latter 
part of the nineteenth century, human research, espe-
cially in infection, was very active, with scien  tifi c 
methodology much discussed. In 1900, the fi rst docu-
ment addressing the ethics of human experimenta-
tion that specifi cally recognised the need to protect 
patients was published; the Prussian Direc  tive  [7] . 
It stated that the human subject must be excluded 
if  ‘ underage or on other grounds    . . .    not fully capa -
ble ’ , and that he or she must give  ‘ consent in an un -
ambiguous manner ’  after  ‘ the explanation has    . . .    
covered all possible consequences resulting from the 
intervention ’ . 

 In 1939, because of publicity and criticism of 
unethical research practices, the German Reich Min-
ister of the Interior issued further guidance. These 
guidelines distinguished between therapeutic and 
non - therapeutic research, described patient auton-
omy and a legal doctrine of informed consent, and 
stated:

  New therapy may be applied only if consent or proxy consent 

has been given in a clear and undebatable manner following 

appropriate information. New therapy may be introduced 

without consent only if it is urgently required and cannot be 

postponed because of the need to save life or prevent serious 

damage to health. 

 Reichsministerium des Innern  [8]    

 To this day, these guidelines are the only ones expressly 
to forbid trials in the dying. Yet, after the Second 
World War, when those involved in atrocious human 
experimentation were charged with war crimes and 
crimes against humanity at the Nuremberg War 
Trials, they attempted to excuse themselves by saying 
that there were no clear rules in Germany to govern 
medical research  [9] . From these  ‘ Doctors ’  Trials ’  
 [10]  came the infl uential Nuremberg Code (see Box 
 14.1 )  [11] .   

 The central message of the Nuremberg Code is 
that voluntary consent of the subject is absolutely 
essential. It forms the basis for all later codes of prac-
tice, most notably the Declaration of Helsinki (see 
Appendix  1 )  [12] , the Council for International 
Organization of Medical Science (CIOMS)  [13] , 
the International Conference on Harmonisation of 
Technical Requirements for Registration of Pharma-

BOX 14.1    The nurenberg code 

1.     The voluntary consent of the human subject is 

absolutely essential  

2.     The experiment should be such as to yield fruitful 

results for the good of society, unprocurable by 

other methods or means of study, and not random 

and unnecessary in nature  

3.     The experiment should be so designed and based 

on the results of animal experimentation and a 

knowledge of the natural history of the disease or 

other problems under study that the anticipated 

results will justify the performance of the 

experiment  

4.     The experiment should be so conducted as to 

avoid all unnecessary physical and mental 

suffering and injury  

5.     No experiment should be conducted where there 

is an a priori  reason to believe that death or 

disabling injury will occur; except perhaps in those 

experiments where the experimental physicians 

also serve as subjects  

6.     The degree of risk to be taken should never exceed 

that determined by the humanitarian importance 

of the problem to be solved by the experiment  

7.     Proper preparations should be made and adequate 

facilities provided to protect the experimental 

subject against even remote possibilities of injury, 

disability or death  

8.     The experiment should be conducted only by 

scientifi cally qualifi ed persons. The highest degree 

of skill and care should be required through all 

stages of the experiment of those who conduct or 

engage in the experiment  

9.     During the course of the experiment the human 

subject should be at liberty to bring the 

experiment to an end if he has reached the 

physical or mental state where continuation of the 

experiment seems to him to be impossible  

10.     During the course of the experiment the scientist 

in charge must be prepared to terminate the 

experiment at any stage, if he has probable cause 

to believe in the exercise of the good faith, 

superior skill and careful judgement required of 

him that a continuation of the experiment is likely 

to result in injury, disability or death to the 

experimental subject     
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increasingly seen as merely needed for medicolegal 
reasons, both in treatment and research  [20] . 

Competence
 All adults are assumed to be mentally competent until 
proved otherwise  [21] . Competence (or capacity) has 
several essential features: the capacity to make a 
choice about an action; an understanding of risks, 
benefi ts and alternative treatments; an understanding 
of the voluntariness of participation; and an under-
standing that consent can be withdrawn. In the UK 
the Department of Health (DH) guidelines 2009 state 
that:

  In research, capacity is normally implied by the act of con-

senting to participate in a study. However, it is important 

to avoid the possibility that compliance is wrongly taken to 

imply consent. Demonstrable steps should be taken to 

ensure that the respondent is able fully to comprehend or 

retain information about a research study. 

 Department of Health  [22]    

 However, capacity is not static. A previously com-
petent adult rendered unconscious by an accident or 
illness lacks capacity until regaining consciousness. A 
patient with early dementia will have periods when 
he or she can make informed decisions. A child with 
a long - term illness, although legally lacking compe-
tence to consent to treatment or research, may have 
relevant knowledge and understanding that many 
adults do not. 

 Lack of competence is further discussed later in 
this chapter.  

Necessary information
 Much has been written about what constitutes the 
right amount of information in clinical research. It is 
clearly impossible to share with a potential research 
subject all that is known (and all that is yet to be 
learnt) about a drug in development. Yet clearly, it 
is right to give the subject enough information for 
him or her to make a decision about participation in 
the study, and this is scrutinised by ethical review 
committees. 

 The amount of information considered necessary 
is usually greater for research than for treatment, and 
although this has not come before the English courts, 
a Canadian ruling held that there would need to be 
 ‘ full and frank disclosure of the facts ’  before consent 
to take part in clinical research could be valid  [23] . It 
can be argued that in a research setting, the subjects 
are not receiving help  from  the doctor, but rather are 

 Of these, the Declaration of Helsinki, fi rst pub-
lished in 1964 and now in its sixth version (2008) (see 
Appendix  1 ), is accepted internationally. It describes 
the safeguarding of research subjects, informed 
consent, the minimisation of risk and the need to 
adhere to an approved research plan or protocol. It is 
widely regarded as a fundamental element in the 
ethics of health care research, although it  ‘ has only 
limited legal authority but    . . .    considerable moral 
authority ’   [17] . 

 The CIOMS guidelines are effectively an adapta-
tion of the Declaration for research in less - developed 
countries, and address the needs of the community 
and the obligations of sponsors (points 20, 21). The 
WHO GCP guidelines are similarly focused. ICH, on 
the other hand, arose from the need to answer the 
scientifi c and ethical requirements of regulatory 
authorities and pharmaceutical companies in world-
wide drug development, and the EU Clinical Trials 
Directive sought to enshrine in law the principles of 
ICH, although it differs from them on some specifi c 
points. 

 All codes accept the need for and value of human 
experimentation, while also accepting the inevitable 
loss of some of the patients ’  fundamental right to 
self - determination  [18] , but the central element of all 
ethical research is informed consent.  

Informed consent

 There are several elements necessary for a subject to 
provide informed consent, and these are summarised 
in an earlier version of the CIOMS guideline, which 
states that it should be:

  given by a  competent individual  who has received the 

necessary information ; who has  adequately understood
the information; and who, after  considering the infor-
mation , has arrived at a  decision  without having been sub-

jected to  coercion, undue infl uence or inducement, or 
intimidation

 CIOMS  [19]  (The bold type is mine, 

to emphasise the most relevant points.)   

 The concept of informed consent is an ethical and 
legal minefi eld, both with respect to treatment of 
patients and research in patients and healthy research 
subjects. The quality and quantity of information 
given varies enormously between investigators, and 
little attention is given to fi nding out just what 
patients have understood. In a world where patient –
 doctor litigation is becoming so common, consent is 
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and biological weapons on so - called volunteers at 
Porton Down, the research subjects were unable to 
refuse participation because they were armed service 
personnel. In the Tuskegee syphilis study, deprived 
African - American men were denied treatment for 
syphilis in order that its natural progression could be 
monitored. They received free medical examinations 
and funeral expenses, but were never told the purpose 
of the research. 

 Coercion can also be subliminal. Study acronyms 
that appear to have prejudged the study results, such 
as CURE, HOPE, HELP, can entice a subject to give 
consent  [31] . In a study, acronyms were scored by 
 ‘ pleasantness ’  or  ‘ meaningfulness ’ , and the authors 
concluded that such subliminal enticement could be 
deception or undue infl uence. In some societies, 
women may not give consent for themselves in either 
health care or research. While it is vital that women 
should be included in research (distributive justice), 
researchers must be convinced that it is the woman ’ s 
own choice to consent.   

Children in  research 

 Children have traditionally been specifi cally excluded 
from clinical research, as they were considered too 
vulnerable, with the result that reliable evidence 
about the effi cacy and safety of drugs used to treat 
them is limited or lacking  [32] . Legislation is now in 
place in the USA  [33]  and the European Union (EU) 
 [34]  to facilitate and encourage research in children, 
and indeed to mandate testing on children the new 
drugs that they may need. Both pieces of law describe 
in detail how consent should be sought, as children 
are not able in law to give consent. Parents, or those 
with parental responsibility, must give consent, but it 
is strongly recommended that the child is also asked 
for his or her opinion  [35] . This  ‘ assent ’ , which does 
not have true legal standing, is none the less encour-
aged in the EU Paediatric Regulation, which says that 
the child is to be given information about the trial 
 ‘ according to his capacity of understanding ’   [36] . 

 Parents consenting to treatment are held to act in 
the child ’ s  ‘ best interests ’   [37] , but it can be argued 
that to put a child into a study without a guarantee 
that the child ’ s best interests will be served, for 
example a placebo - controlled study, does not refl ect 
best interests. However, research generally benefi ts a 
population rather than the individual, and it is this 
argument that supports the consent, ethically if not 
strictly legally.  

offering their help  to  the doctor, and so the need for 
a greater commitment to consent is present  [24] . 
It is impossible to defi ne how much information is 
 ‘ necessary ’ ; it will vary between the phases of drug 
development, and with the type of patient and disease 
studied  [25] .  

Adequate understanding 
 This, too, is impossible to defi ne once for all situa-
tions. It will vary with the type of disease under study, 
and the age and level of education of the subject. But 
the key word is  ‘ adequate ’ . The understanding shown 
must be suffi cient for the situation.  

Considering the information
 This is inevitably linked with understanding, but it 
includes the element of being able to retain the infor-
mation, to process and make sense of it, and to be 
able to reach a decision. However, an online survey of 
study subjects revealed that one in seven claimed not 
to have even read the informed consent form  [26] .  

Making a decision
 Deciding to participate in medical research may seem 
irrational. However, adults who have full mental 
capacity have an absolute right to make their own 
choices, even if these do not seem rational to others 
 [27] . They cannot, of course, give valid consent to 
anything certain to cause harm, so even freely given 
consent would not have made the experimentation 
on trial at Nuremberg legally or ethically acceptable.  

Lack of coercion,  undue infl uence or 
inducement, or  intimidation
 All patient information documents and informed 
consent forms must state clearly that the choice to 
take part in research is solely with the participant, but 
there is evidence that consent is given for reasons 
other than free choice. In one study  [28] , 74% of 
subjects interviewed said that they had taken part in 
a study because they thought it was their only chance 
of a cure, and 62% also recognised wanting to help 
their doctor as a factor. (I witnessed a cancer patient 
being told by her consultant,  ‘ I would like you to go 
into this study. ’ ) Other signifi cant elements include 
better or more frequent access to the medical team by 
being in a study. While this is probably of more rel-
evance in less developed or poorer communities, 
similar studies in the USA found that access to better 
treatment was a factor for 52 – 75% of patients  [29] . 

 Other studies illustrate undue infl uence and 
inducement  [30] . In the experiments with nerve gas 



290 Chapter 14 

anonymised data at predetermined time points to 
check the balance of harm and benefi t.  

Who should seek consent?

 The Declaration of Helsinki 2008  [12]  clause 24 states 
that  ‘ the physician or another appropriately qualifi ed 
individual must then seek the potential subject ’ s 
freely - given informed consent, preferably in writing ’ . 
In slight contrast, the European Directive on clinical 
trials  [16]  says that the investigator ( ‘ a doctor or 
person following a profession agreed in the Member 
State for investigations ’ ) responsible for conduct of 
clinical trial should give the patient  ‘ the opportunity, 
in a prior interview with the investigator or a member 
of the investigating team, to understand the objec-
tives, risks and inconveniences of the trial ’  (Article 
2(b)). There is no mention of who actually takes 
consent from the patient. ICH  [14]  states:  ‘ Before 
informed consent may be obtained, the investigator, 
or a person designated by the investigator, should 
provide the subject    . . .    ample time and opportunity 
to inquire about details of the trial and to decide 
whether or not to participate in the trial ’  (ICH E - 6, 
Section 4.8.7). Then, in Section 4.8.8,  ‘ Prior to a sub-
ject ’ s participation in the trial, the written informed 
consent form should be signed and personally dated 
by the subject    . . .    and by the person who conducted 
the informed consent discussion ’ . Interestingly, the 
only legally binding document of these three does not 
specify who should take the consent. Nevertheless, it 
is encouraging to note that the wording has changed 
from earlier documents from  ‘ obtaining ’ , to  ‘ seeking ’  
consent.  

Research Ethics Committees 

 The procedures and legalities of research ECs are 
further discussed in Chapter  32 . 

Establishment of committees
 Before the Nuremberg Code of 1947, human research 
was mostly self - regulated by researchers. The code 
established that ethical consideration and review are 
vital, and Helsinki noted that research protocols 
should be reviewed by an independent committee 
prior to initiation. Three years after the publication 
of the fi rst Declaration of Helsinki, in 1967, the 
Royal College of Physicians in the UK called for the 

Adults unable to give consent

 Adults may be unable to consent because of sudden 
or gradual causes. It is not in accordance with dis-
tributive justice that no research is done into their 
condition; if no research is done, no advances can be 
made. This was illustrated by the CRASH study  [38] . 
From the late 1960s intravenous corticosteroids were 
used to treat head injury, without controlled trials to 
prove benefi t. After 30 years of such treatment, a 
large - scale international study began, with ethical 
arguments for and against, as consent would not be 
possible from unconscious patients. The data moni-
toring board stopped the study because, compared 
with placebo, the 2 - week mortality from all causes 
was higher in the group allocated corticosteroids 
(21.1% vs  17.9%; relative risk 1.18;  p   =  0 · 0001). Prob-
ably thousands of patients had died worldwide over 
the 30 years because of such unproven treatment 
rather than because of their injuries. 

 The argument for entering patients unable to 
consent was derived from the  ‘ best interests ’  principle 
 [39] , by which doctors can treat patients unable to 
consent, in order to save their lives. A doctor takes 
responsibility to treat an unconscious patient, so 
would similarly take responsibility to enter him or 
her into the study. There was full ethical review at 
all centres taking part, some countries allowing 
consent waiver and others consent from a legal 
representative. 

 There are many patients with long - term conditions 
rendering them unable to give consent to treatment 
or research. Research or treatment without consent is 
prima facie  assault, yet if no research is done, progress 
is compromised. The various international guidelines 
and laws all support the concept of research into such 
patients, with certain major provisos. The situation 
must be serious or genuinely life - threatening (e.g. 
head injury); available treatments are unproven or 
unsatisfactory (e.g. CRASH study); the research must 
be impossible to conduct in patients able to consent 
[protocols frequently come to ethics committees 
(ECs) where this condition is not met]. Approval of 
an EC is mandatory, proxy consent by a relative or 
nominated person should be sought according to 
national law and the subject must be given the oppor-
tunity to give or refuse consent to continue with the 
study on regaining capacity. (Consent cannot be 
given retrospectively, only for continuation.) The 
study must offer the prospect of benefi t, if not to 
the individual, certainly to the wider group, and an 
independent data monitoring board should analyse 
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function, as described in the Declaration of Helsinki, 
ICH, the EU Directive and many other documents, is 
to safeguard the rights, safety and well - being of trial 
subjects, and to facilitate good, well - planned and 
well - executed scientifi c research. They need to keep 
in mind the requirements of distributive justice, and 
to stay free from political, institutional or market 
infl uences  [45] . They must consider the risk – benefi t 
balance of the study; if this is not straightforward the 
investigator can attend an EC meeting to explain. 

 If the study will be conducted in children or adults 
unable to give consent, the committee must clarify 
that it is impossible to perform the study in consent-
ing adults, and particular attention will be paid to 
patient information and consent forms.  

Finances
 The fi nancial side of the study is also considered. 
Some countries demand that any payment to investi-
gators in sponsored studies must be revealed in the 
patient information. Any payment to subjects receives 
particular attention. Most commonly, payment is to 
healthy volunteers, and is to compensate for their 
time and expenses, as such studies are usually early 
phase and may require some days confi ned to the 
research unit. The payment is categorically not 
regarded as commensurate with the potential risk 
involved. 

 However, in some cases patient - subjects receive 
money for their participation. This is usually com-
pensation for travel costs and food, and it may be 
compensation to a daily paid worker for a day ’ s work 
lost, so that taking part in a study is cost - neutral. In 
the USA, payment for taking part  per se  is common, 
although contentious  [46] . (Payment to research sub-
jects in Europe does not yet seem to be common, or 
indeed much discussed.) The FDA accepts that 
money can be an inducement to participate, and has 
expressed concerns about payments that are  ‘ coercive 
or present undue infl uence ’   [47] . There can be no set 
rules about the level of payment, as the demands of 
studies vary greatly, but ECs need to assess whether 
or not the level of payment might obscure the risk 
perception of potential subjects. It is important that 
payment is for each study visit completed, and not 
contingent on the entire study being completed; it is 
important that subjects can withdraw at any time. In 
the less developed world the offer of free treatment, 
as discussed earlier, may also be a type of payment, 
as drugs and treatment have value. 

 Patient recruitment is the rate - limiting step of any 
clinical study. Therefore faster recruitment, perhaps 

establishment of formal committees to oversee the 
conduct of medical research. 

 In the USA, the National Research Act of 1974 
established the National Commission for the Protec-
tion of Human Subjects of Biomedical and Behavio-
ral Research. This commissioned the Belmont Report 
to make clear the ethical principles on which human 
research should be based. In 1981, the Department of 
Health and Human Services and the Food and Drug 
Administration (FDA) issued regulations based on it. 
The Department of Health and Human Services 
issued the Code of Federal Regulations Title 45 
(public welfare), Part 46 (protection of human sub-
jects), and the FDA issued Code of Federal Regula-
tions Title 21 (food and drugs), Parts 50 (protection 
of human subjects) and 56 (Institutional Review 
Boards). ICH and other GCP guidelines all state the 
need for ethical review by an impartial committee, 
known in some countries as Institutional Review 
Boards. 

 In the UK, as in other countries, the development 
of ECs from the late 1960s was rather  ad hoc   [40] . The 
DH issued guidance for the formation of local ECs in 
1991, and for multicentre ECs, able to give ethical 
approval for studies at multiple sites, in 1997. In 2001, 
the National Research Ethics Service published Gov-
ernance Arrangements for Research Ethics Com-
mittees  [41] , and allowed for the streamlining of 
applications. This was updated in 2011  [42] . Further 
guidance on ECs ’  responsibilities has been published 
by the Royal Colleges of Physicians, Paediatrics and 
Child Health, and Psychiatrists, and the Medical 
Research Council. 

 Other countries developed their own guidance and 
legislation, and the EU Member States have been 
bound since 2004 by the European Clinical Trials 
Directive (Article 3 2a, Article 6)  [16] , which super-
seded earlier guidance. The transposition into 
national law in different Member States resulted in 
some differences in requirements for ECs, identifi ed 
and quantifi ed by the European Forum for Good 
Clinical Practice. The Forum ’ s report  The Procedure 
for the Ethical Review of Protocols for Clinical Research 
Projects in Europe and Beyond , updated in 2010, quan-
tifi es these differences  [43] , and the  Report on Data 
on Research Ethics Committees in Seven Countries 
Outside Europe  gives similar information on non - EU 
countries  [44] .  

Ethics
 The major responsibility of research ECs is to assess 
the ethical aspects of a study protocol. Their prime 
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performance of routine physical or psychological examina-

tions or tests  [49] .   

 Perhaps a more useable defi nition is that  ‘ a risk has 
ceased to be minimal where there is a risk that makes 
one stop and think ’   [50] .  

Conclusions

 True informed consent is the cornerstone of ethical 
research. The need for this understanding emerged 
from the unacceptability of unethical experiments on 
humans that was passed off as research, experiments 
that were not limited to war crimes. Subjects entering 
a clinical trial are inevitably taking a certain amount 
of risk, and it is the responsibility of the investigator 
to ensure that they make their decision using all the 
information they need. 

 Yet  ‘ fully informed consent ’  is a misnomer. The 
best that is possible is  ‘ adequately informed consent ’ , 
and that will vary hugely; from phase to phase, in age 
groups, in type of illness. The amount of information 
given to a patient with hypertension, who can be 
given a week to consider it, is very different from that 
given to the parents of a sick baby, for whom speed 
of treatment is vital. What is clear is that research 
without consent is assault or trespass, so the very best 
attempts of those involved must be made. 

 However, a survey of junior doctors found that 
82% denied having any formal training on legal 
aspects of obtaining consent  [51] , and this may be 
one reason behind some inadequacies of obtaining 
consent  [52] . There are concerns over the quality and 
effi cacy of consent for research; coercion is a particu-
lar anxiety. 

 Another concern around consent is that there 
are no defi ned processes to ensure that the research 
subjects have understood the information. They sign 
and date a consent form, and this is checked by audi-
tors and monitors, but these merely signify that 
somebody has signed their name. Various guidelines 
on seeking consent have been published (one of the 
clearest is for nurses in the UK  [53] ), but standardised 
checking for understanding is lacking (as indeed it is 
for treatment). 

 Nevertheless, the protection of patients must be at 
the centre of ethical conduct and review of human 
research, and the process by which this is achieved 
must be transparent and able to withstand public 
scrutiny. Research in children and adults unable to 
give consent will always be among the most sensitive 

achieved by payment of subjects, will allow a new 
drug to reach market faster, perhaps saving many 
more lives. However, the counter argument will 
always be that money may infl uence a patient to give 
consent to a study against his or her real wishes. 

 The insurance provided for research subjects and 
the indemnity in place to cover the investigator ’ s team 
is also reviewed by ECs.  

Documentation
 Under the EU Clinical Trial Directive, documentation 
required by the EC is well defi ned. It includes the 
study protocol, the investigator ’ s brochure, the infor-
mation given to the patient and the informed consent 
form. The latter two must be written in a style and 
language suitable for the target population, and ECs 
also look carefully into the planned process for 
seeking consent. If it is intended to advertise for par-
ticipants, the advertisements must be submitted for 
approval. No part of the study can start before 
approval is given by the relevant EC.  

Conduct of study
 The committee must give attention to the investiga-
tors, and consider their qualifi cations and facilities. 
They must review the study progress at intervals, and 
receive copies of certain adverse events reported to 
the sponsor and any publications related to the 
outcomes.   

Assessment of risk

 The potential risk in human research occurs most in 
volunteer phase I studies. Here there is the potential 
danger of taking a substance tested only in animals, 
without the potential benefi t that can accrue to 
patients with an illness. These early phase studies are 
discussed elsewhere in this book (see Chapter  4  in 
particular). Before March 2006, when six men in a 
phase I trial of the anti - CD28 monoclonal antibody 
TGN1412 at Northwick Park Hospital in London 
were admitted to intensive care following an unan-
ticipated cytokine storm  [48] , even phase I was not 
widely considered to pose much risk. 

 The balance needed is that of personal risk against 
benefi t to society. The term widely used is  ‘ minimal 
risk ’ , which is defi ned by the FDA in the USA as being 
when:

  the probability and magnitude of harm or discomfort antici-

pated in the research are not greater in and of themselves 

than those ordinarily encountered in daily life or during the 
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ethical areas, but in all human research the words of 
the Declaration of Helsinki apply:

  It is the duty of [those] who participate in medical research 

to protect the life, health, dignity, integrity, right to self -

 determination, privacy, and confi dentiality of personal 

information of research subjects.   

 Our priority as researchers must always be the protec-
tion and well - being of the subject.  
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History and milestones of paediatric
drug development

 Although smallpox and rabies vaccination was dis-
covered in the eighteenth and nineteenth centuries, 
most drug development in paediatrics has taken place 
in the last century with the concept of the randomised 
clinical trial introduced from the latter half of the 
twentieth century. Several of the milestones that 
impacted on paediatrics have their origins in other 
disciplines (e.g. the discovery of antibiotics starting 
with sulphonamides in Germany). 

Off label drugs and dire  consequences   In general, few 
drug development studies are carried out in children. 
As a result children can be considered as  ‘ therapeutic 
orphans ’   [1]  and paediatricians have to extrapolate 
from adult drugs  –  on several occasions this approach 
had serious consequences. One such example was 
mortality from exposure to drug excipients such as 
diethylene glycol in sulphanilamide  [2].  Another was 
toxicity of chloramphenicol in neonates which was 
fi rst recognised in 1959 following the report of three 
neonates who died without explanation during treat-
ment with chloramphenicol  [3].  Subsequently a trial 
of prophylactic antibiotics in prolonged rupture of 
membranes  [4]  showed that the group treated with 
chloramphenicol had mortality of 60% while mor-
tality was 18% in the placebo group. Later studies 
showed that elimination of chloramphenicol is 
reduced in preterm infants compared with older chil-
dren and adults and its accumulation leads to the grey 

baby syndrome  [5].  More recently, in 1998 lactic aci-
daemia and bradyarrhythmia seen in a child sedated 
with propofol was thought to be related to the for-
mulation rather than the active drug itself  [6].   

Delayed consequences   Drug - related adverse effects 
may only become apparent long after exposure. For 
example, maternal treatment with diethylstilbestrol 
to prevent preterm birth was associated with the 
occurrence of adenocarcinoma of the vaginas in 
young women whose mothers received diethyl-
stilbestrol during their pregnancies.  

Delayed implementation of proven  therapies   Even 
when paediatric and neonatal clinical studies have 
shown benefi t, implementation of proven therapies 
into clinical practice is often delayed. For example, 
the development of surfactant replacement therapy 
for respiratory distress syndrome in preterm newborn 
infants, spanned more than 50 years after Kurt von 
Neergaard in 1929 showed experimentally the impor-
tance of surfactant and its relevance to the fi rst breath 
of a newborn baby  [7].  Clinical trials during the 
1980s showed that surfactant replacement therapy 
almost halved the mortality from respiratory distress 
syndrome but the type, dose and indication for 
therapy remain uncertain  [8].     

Regulatory milestones in paediatrics
US paediatric regulation
    1902  [9] : Biologics Control Act resulted after many 
children died from tainted diphtheria antitoxin and 



296 Chapter 15 

clinical trials in children. An International Confer-
ence on Harmonisation (ICH) guideline  [16]  was 
agreed with goals to encourage and facilitate timely 
paediatric medicinal product development interna-
tionally, and to provide an outline of critical issues 
in paediatric drug development and approaches 
to the safe, effi cient and ethical study of medicinal 
products.  
  2002: ICH guideline became the European guideline 
Note for guidance on clinical investigation of medicinal 
products in the paediatric population  (ICH Topic E11) 
 [17].   
  2001 – 2004: The Directive (2001/20/EC) on Good 
Clinical Practice for Clinical Trials was adopted in 
April 2001, and came fully into force in May 2004. 
This Directive takes into account some specifi c con-
cerns about performing clinical trials in children, and 
in particular it lays down criteria for their protection 
in clinical trials.  
  2006: The EC released the document on  Ethical con-
siderations for clinical trials performed in children
intending to contribute to their protection as the 
subject of clinical trials as well as to facilitate a har-
monised approach to clinical trials across the EU 
Member States  [18].   
  2007: The EU Regulation on Paediatric Medicines 
was initiated in 2001 but adopted on 12 December 
2006 and came into force on 26 January 2007  [19].  
The Regulation established a legislative framework to 
allow increased availability of medicines specifi cally 
adapted and licensed for use in the paediatric popula-
tion and improved quality of research in children. 
Similar to the US legislation there were fi nancial 
incentives and market exclusivity was given along 
with a system of requirements. Further information 
about the regulation is discussed later.       

Need for clinical drug studies
in paediatrics

 The need for more studies to obtain age - appropriate 
information for medicines used in children is now a 
matter of consensus on a global basis. The  ‘ Make 
Medicines Child Size ’  campaign by WHO and 
UNICEF highlights that issues with children ’ s medi-
cines are a global problem  [20].  Some of the reasons 
behind the campaign are highlighted below:
    •      Helps guide clinical care for children.  
   •      Most medicines given to children have not had 
a formal review under the licensing process. Up to 
90% of neonates and 36% of children in a general 

contaminated smallpox vaccine. The law gave respon-
sibility for regulation of vaccines and antitoxins to the 
Hygenic Laboratory, which later became the National 
Institutes of Health.  
  1938  [10] : Elixir Sulfanilamide disaster of 1937, when 
105 deaths occurred because of diethylene glycol used 
as an excipient for the fi rst sulfa antibiotic. This 
resulted in the Federal Food, Drug and Cosmetic Act, 
which required proof of safety before the release of a 
new drug.  
  1962  [11] : Kefauver – Harris Amendments to the 
Food, Drug and Cosmetic Act required that drug 
approval be evidence - based not only on safety but 
also on effi cacy as demonstrated in well - controlled 
clinical trials. This resulted from the well - publicised 
thalidomide tragedy when thousands of children 
were born with limb defects after their mothers took 
thalidomide for morning sickness.  
  1994  [12] : The Pediatric Labelling Rule, issued by 
Food and Drug Administration (FDA), required drug 
manufacturers to review existing literature and other 
data to determine whether the drug label needed to 
be modifi ed, through an application to FDA, to add 
paediatric information. However, this resulted in only 
11 labelling changes rather than the 70 promised by 
the sponsors.  
  1997  [13] : FDA Modernisation Act offered pharma-
ceutical companies a voluntary incentive of 6 months 
of added  ‘ paediatric exclusivity ’  when studies are per-
formed in children .  This resulted in over 100 product 
labelling changes.  
  2002  [14] : FDA Modernisation Act was reauthorised 
as the Best Pharmaceuticals for Children Act 2002 
which allowed the study of on -  and off - patent drugs 
in children, establishing a programme for paediatric 
drug development further improving labelling of 
drugs in children.  
  2003  [15] : Pediatric Research Equity Act mandates 
pharmaceutical companies to submit a paediatric 
assessment for each age group in medicines fi led for 
regulatory approval unless a deferral or waiver is 
granted.  
  2007: The Best Pharmaceuticals for Children Act 
Reauthorization of 2007 provided additional patent 
exclusivity for currently on - patent drugs that are 
being tested for paediatric use.     

EU paediatric regulation
 In Europe, there were similar discussions and regula-
tions to those in the USA.
   1998: The European Commission (EC) supported the 
need for international discussion on undertaking 
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One example of a positive effect is opioid replace-
ment therapy used in neonatal opioid withdrawal 
syndrome where prolonged absorption will help in 
weaning and prevent withdrawal symptoms. 

 Most drugs in older paediatric patients are given 
orally. Generally, the rate at which drugs are absorbed 
is slower and the time to achieve maximum plasma 
concentrations is more prolonged in infants than 
older children. Developmental differences in the 
activity of intestinal enzymes and effl ux transporters 
can affect bioavailability but this area is poorly under-
stood and requires more research.  

Distribution   The two important variables to take into 
account in paediatrics are the body composition and 
binding capacity related to circulating plasma pro-
teins. Relative to body weight, the total body water 
content in neonates is markedly higher (80 – 85%) 
than in infants (60 – 65%) or adults (60%). Similarly, 
the body fat content is lower in neonates (10%) and 
increases to 15 – 20% in infants and 20 – 25% in adults. 
These changes will affect the distribution of lipophilic 
and hydrophilic drugs. For example, a lower dose of 
propofol (a lipophilic drug) is required to achieve 
plasma peak concentration in neonates similar to that 
of adults. In contrast, a higher dose of paracetamol is 
required in children to obtain plasma concentrations 
similar to those of adults. 

 Competitive binding at albumin sites between a 
drug and endogenous compounds such as bilirubin 
can result in increase in free bilirubin; high free 
bilirubin levels are cytotoxic and potentially result in 
kernicterus in neonates.  

Metabolism   Cardiovascular collapse associated 
with grey baby syndrome in neonates administered 
chloramphenicol is probably the most common 
cited consequence of not recognising developmental 
immaturity. The maturation of hepatic enzymes can 
contribute to extensive interindividual variability and 
increased risk of adverse reactions. CYP3A4 activity 
is low at birth and increases to 50% adult levels by 1 
year of age. During infancy, CYP3A4 activity is actu-
ally slightly higher than that of adults. Drugs such as 
carbamazepine whose clearance is dependent on 
CYP3A4 require to be administered in higher doses 
in children than adults  [25].   

Elimination   At birth the glomerular fi ltration rate is 
2 – 4   mL/min/1.73   m 2  in term neonates but it can be as 
low as 0.6 – 0.8   mL/min/m 2  in preterm infants. Adult 
values of 6   L/hour/70   kg are achieved by 1 year of age. 

paediatric ward are receiving medications in an unli-
censed and off - label manner  [21,22].   
   •      Evidence from paediatric studies is critical in 
understanding developmental variations in the way 
the body affects a drug (pharmacokinetics) and how 
the drug affects the body (pharmacodynamics).  
   •      Information from paediatric studies increases 
understanding of the effi cacy, short - term and long -
 term safety, and pharmacokinetics of a drug in chil-
dren of different ages.  
   •      The general lack of information and appropriate 
pharmaceutical formulations to support the admin-
istration of many medicines in children may expose 
them to unwanted side effects or under - dosing 
without the expected effi cacy.  
   •      The results of drug studies in children may differ 
from the results of adult studies and may have a dif-
ferent profi le of adverse events.  
   •      Studies may guide dosing adjustments which are 
often more complicated than simply scaling down 
adult doses.  
   •      Certain diseases are unique to children.  
   •      Specifi c consequences of medical interventions 
may be seen in children and may only appear long 
after exposure.     

Developmental pharmacology –
differences  between adults,  
children and  neonates and 
implications for research 

 Although the concepts of clinical pharmacology 
apply to children and neonates, the characteristics of 
this population require a tailored approach and have 
implications for research. Improving our knowledge 
in developmental physiology and pharmacology can 
improve our approach to treating various disorders 
and diseases  [23,24].  Adjustment in dosing is often 
more complicated than simply scaling down the dose 
determined for adults on the basis of weight as 
human growth is not a linear process and age associ-
ated changes are dynamic. 

Pharmacokinetics
Absorption   Developmental changes in absorptive 
surfaces infl uence the bioavailability of a drug. For 
example, in neonates the intravenous route is often 
preferred as there is a wide variability in absorption. 
Delayed gastric emptying in neonates results in a 
longer time to achieve maximum plasma concentra-
tion. This can have both positive and negative effects. 
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 Paediatric studies are often challenging. Children 
are not just one group but actually include newborns, 
infants, toddlers and adolescents. As highlighted 
above, each group may have different dosing needs, 
different responses to medications and different 
adverse reaction profi les, and may need different 
dosage forms for safe and accurate administration. 
These further add to the cost and complexity of clini-
cal trials in these populations, making paediatric 
trials unattractive for pharmaceutical companies. 
With a small market and lack of incentives, clinical 
trials in paediatrics are usually considered not cost -
 effective. The unforeseeable nature of some clinical 
responses and long - term effects, compounded with 
diffi culty in predicting dose – response relationships 
by extrapolation of adult data further hinders paedi-
atric clinical research. In the UK there are few paedi-
atric clinical trials units; therefore, most paediatric 
research and all neonatal research are conducted in 
clinical wards, which often have limited resources or 
equipment for effi cient conduct of the studies. For 
example, there may be little if any research nurse 
support for the clinical staff which makes errors and 
protocol violations more likely and electronic data 
capture is often not available, so that data must be 
transcribed on to case record forms manually. 

 There are specifi c ethical issues concerning clin -
ical trials in paediatric populations. Clinicians and 
parents may be reluctant to enrol a child in a trial, 
especially a placebo - controlled trial, when the trial 
medication is already approved for marketing to 
adults and thus available for off - label use. Pharma-
cokinetic studies in children often require adaptation 
as there are specifi c guidelines for the amount of 
blood that can be taken in children. As a result of 
these factors many medications given to children 
today are off - label, often without adequate under-
standing of the appropriate dose, safety or effi cacy.  

Ethical considerations for  paediatric
clinical drug trials

Risk–benefi t  assessment
 The most important ethical question is whether the 
benefi t of the knowledge gained from research is 
reasonable in relation to the risk posed to the par-
ticipating children. It is important that this vulnera-
ble group is protected against the risks of research but 
at the same time this should not deny children the 
benefi ts of research and improve the treatments avail-
able to them. As highlighted above, there is a need to 

As renal clearance in neonates is completely depend-
ent on glomerular fi ltration rate, there is a prolonged 
elimination half - life of drugs cleared predominantly 
by this route.   

Developmental pharmacodynamics
 Maturation of the biologic systems can impact on the 
potency, effi cacy or therapeutic range of drugs. Some 
examples include the following:
    •      Neonates have more mu opioid receptors and 
hence are more sensitive to morphine, which can 
result in adverse effects such as an increased fre-
quency of apnoeas  [26].   
   •      There is a higher incidence of hypotension with 
paracetamol in adults than neonates  [27].   
   •      Immature norepinephrine and serotonin neuro-
transmitter systems may explain the lack of effi cacy 
of some antidepressants in children.  
   •      GABA receptors that switch from an excitatory to 
inhibitory mode during early development help to 
explain paradoxical seizures experienced by infants 
after exposure to benzodiazepines.    
 Unfortunately, there are only limited data on the 
infl uence of growth and development on drug effects 
and further research is needed.    

Diffi culties of  performing clinical
trials in children 

 Thankfully, most children in developed countries are 
healthy but the relatively low incidence of illness 
amongst children from developed countries has 
major consequences for drug development for chil-
dren. If a drug candidate is developed to treat a 
disease that has high prevalence in adults, such as 
hypertension, Alzheimer ’ s disease or cancer, there are 
many adults to enrol in these trials and also a wide 
market for these drugs once approved. For children 
there are fewer cases with a specifi c diagnosis making 
clinical trials diffi cult. Therefore multiple trial sites 
and a longer period of recruitment are usually needed 
to achieve an adequate sample size, which increases 
complexity and makes paediatric trials expensive. In 
addition, the limited pool of patients available for 
clinical research fosters competition amongst studies. 
As a consequence paediatric studies tend to be smaller 
than studies in adults, the fi ndings are less likely to be 
confi rmed in additional studies and therapies may be 
introduced into practice or rejected without a suffi -
cient evidence base. 
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carry out clinical trials in children but a child ’ s inter-
ests must always prevail over those of society and 
science. 

 A fundamental principle of paediatric research is 
the ethical principle of scientifi c necessity; that is, 
children should not be subjected to research that 
is not relevant to child health. A corollary is that 
children should not be enrolled in studies that are 
duplicative or unlikely to yield important knowledge 
applicable to children about the product or condition 
under investigation. The risks should be considered 
along with the severity of the condition or diseases, 
age of the child and the risks and benefi ts of alterna-
tive treatments. For example, in oncology trials, the 
adverse reactions tolerated would be higher than 
those for an antibiotic to treat a urinary tract 
infection. 

 All paediatric research must meet certain ethical 
standards and this applies to all human research as 
covered by EU and US legislation. The research ethics 
committees in the European states and the institu-
tional review boards in the USA were created under 
regulations aimed at ensuring that research is con-
ducted ethically and that the rights and welfare of 
research participants are protected thus conforming 
to the terms of Good Clinical Practice as specifi ed 
by the International Committee on Harmonisation 
(Box  15.1 )  [28] . The guidance also discourages enrol-
ment in multiple clinical trials, as may happen when 
a condition is rare in childhood. There is a confl ict of 
interest policy to protect the integrity of research 
from bias arising from the fi nancial relationships of 
the investigators. Regulatory groups Medicines and 
Healthcare products Regulatory Agency (MHRA) in 
UK and FDA in the USA also conduct inspections 
and audits to ensure the scientifi c and ethical integ-
rity of clinical trial data. Sponsors have a legal respon-
sibility to select appropriate investigators and to 
monitor the conduct of the research studies.   

 Risks are grouped into three categories as shown 
in Box  15.2 . Minimal risk is defi ned as  ‘ a probability 
of harm or discomfort not greater than that ordinar-
ily encountered in daily life or during the perform-
ance of routine physical or psychological testing ’   [29].  
This risk can be quantifi ed as similar to that of a 
single car trip across town during a rush hour, which 
is considered to pose approximately a one in 100,000 
chance of death in a child.   

 Benefi t can be defi ned as  ‘ progress in treatment, 
diagnosis or prevention for the individual or group ’ . 
This could be seen as an increase in effi cacy, a better 
safety profi le or an alternative to an existing treat-

BOX 15.1    Determinations of  r esearch  r isks and 

 p otential  b enefi ts (From Field and Boat  [46] . 

Reprinted from Field and Boat  [46]  with  p ermission 

from the National Academies Press, Copyright 2012, 

National Academy of Sciences.) 

        •       Are risks to research participants minimised  by using 

procedures that are consistent with sound research 

design and that do not unnecessarily expose 

participants to risk and, whenever appropriate, by 

using procedures already being performed for 

diagnostic or treatment purposes?  

   •       Are risks to participants reasonable  in relation to 

anticipated benefi ts to participants and to the 

importance of the knowledge reasonably anticipated 

from the research?  

   •       Is the selection of research participants equitable , 

taking into account the purposes of the research, its 

setting and the special problems of research 

involving vulnerable populations, such as children?  

   •       Are appropriate provisions for monitoring participant 

safety made?

   •       Are appropriate provisions for protecting privacy and 

confi dentiality made?

   •       Does the research meet the regulatory criteria for 

studies involving children , including those requiring 

parental permission and, as appropriate, child 

assent?     

BOX 15.2    Risk  c ategories and  e xamples. 

(Reproduced from Sammons  [29] , with  p ermission 

from  BMJ  Publishing Group Ltd.) 

   Risk category     Procedures  

  Minimal risk    History, examination, blood 

pressure, ultrasound, single 

venepuncture  

  Minor risk over 

minimal risk  

  Multiple venepuncture, 

peripheral venous line, 

nasogastric tube  

  Greater than minor 

increase over minimal 

risk  

  Sedation, anaesthesia, 

surgery  

ment such as a better route of administration, 
decreased frequency of dosing, reduced treatment 
duration, a more relevant age - appropriate formula-
tion or an improvement in relation to potential medi-
cation errors. Categories of research approvable for 
paediatrics are summarised in Box  15.3 .    
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tionship and the doctor ’ s attitude to clinical research 
will also infl uence whether a parent is likely to 
consent to their child ’ s participation in clinical 
research  [35].  

 It is a requirement of ethics committees and regu-
latory authorities that parental permission for a 
child ’ s participation in research is obtained and, 
when appropriate, assent from participating children 
should be sought using age appropriate information. 
Consent is a dynamic and continuous process and 
there is a need for periodic checks and documenta-
tion at repeat visits as stated in the EU guidance  [29].  
Article 4(d) of the EU directive states that there 
should be no fi nancial inducement to enrol a child in 
a trial, either for the parents or the child, unless this 
is an offer of compensation for the family ’ s time and 
expenses. It is also good practice for the investigator 
to take consent rather than the treating physician 
unless it is an emergency situation.  

International clinical trials
 With globalisation of research and the increasing 
numbers of international studies, there have been 
concerns about the adequacy of the oversight of 
the international trial sites especially whether ap -
propriate protections are in place for children and 
their families  [36,37].  Maintaining the quality of 
research data across all trial sites is critical for good 
quality international research, as discrepancies in 
data at different sites will bias results. There may 
be confl icts of interest and inappropriate induce-
ments for parents to permit their children ’ s participa-
tion in research as these drugs may not be available 
without research. Furthermore, there is the risk that 
trial medications and medical care may stop when 
the trial is fi nished. In addition, there is concern 
that any new medications arising from the research 
will be limited to wealthier countries as the new 
drugs will be unaffordable in the poorer countries. 
Further discussion about international trials ethics is 
given in the Nuffi eld Council on Bioethics  [38] . It is 
recommended that in a multinational study each 
country should carry out its own research ethical 
review.  

Trial  design and methodology
 Paediatric trials need to be designed by those with 
experience both in clinical trials and children ’ s medi-
cines  [29].  An adult pharmacokinetic (PK) study will 
involve numerous blood tests and this is inappropri-
ate in children. Pain, fear, distress and parental sepa-
ration are unique in paediatrics and need to be taken 

Consent and assent
 One of the key elements of clinical trials is that there 
is informed consent and this could be seen to be a 
signifi cant impediment to clinical trials in children 
 [30].  The lack of legal ability to consent has implica-
tions for the design and analysis of clinical trials and 
the comparators used in trials. It is desirable to 
involve children in research discussions and decisions 
(assent), thus respecting their emerging maturity and 
helping them prepare for participation in research, 
but there is uncertainty and disagreement about the 
concept of assent and its meaningfulness in actual 
research settings when a child ’ s parents favour par-
ticipation  [31].  There is limited information about 
this issue but it is likely that practices concerning 
assent vary in paediatric trials  [32,33].  Financial 
inducements can infl uence parental consent; for 
example, there is a correlation between rates of 
consent, the offer of free medication and lower family 
income  [34].  The strength of the doctor – patient rela-

BOX 15.3    Categories of  p aediatric  c linical  r esearch 

 t hat  a re  a pprovable  [29,46]  

1.     Clinical investigations that have minimal risk with 

benefi t to individual or group  

2.     Clinical investigations that involve greater than 

minimal risk but directly benefi t individual subjects 

such that: (a) the risk is justifi ed by the anticipated 

benefi t to the subjects; and (b) the relation of the 

anticipated benefi t to the risk is at least as 

favourable as that presented by available alternative 

approaches  

3.     Clinical investigations involving greater than 

minimal risk and no prospect of direct benefi t to 

individual subjects, but increase knowledge about 

the subjects ’  disorder or condition and 

(a)     the risk represents a minor increase over 

minimal risk  

(b)     the intervention or procedure presents 

experiences to subjects that are reasonably 

commensurate with those inherent in their 

actual or expected medical, dental, 

psychological, social or educational situations  

(c)     The generalisable knowledge is of vital 

importance for the understanding or 

amelioration of the subjects ’  disorder or 

condition    

4.     Clinical investigations not otherwise approvable 

that present an opportunity to understand prevent, 

or alleviate a serious problem affecting the health 

or welfare of children as agreed to by the ethics 

committee.     



Drug development in paediatrics and neonatology 301

in consideration. Age - appropriate formulations are 
recommended to reduce the risk of adverse reactions 
(e.g. younger children choking on tablets) and the 
risk of dosing errors because of inaccuracy. Parental 
consultation and patients from the age groups 
included in the trial are paramount. Ethics commit-
tees now have a parent advisory board member. 
Design methods are optimised to allow for the least 
number of patients to be recruited to give a statisti-
cally and clinically signifi cant result. The burden of 
repeated blood sampling in PK studies may be over-
come by the population PK approach using non -
 linear mixed effect modelling as the statistical solution 
to sparse data  [39].  This potentially decreases the 
number of patients that need to be recruited. Timing 
of samples should coordinate as far as possible with 
therapeutic sampling. Local anaesthetics and indwell-
ing catheters should be used whenever possible. Non -
 invasive sampling methods such as urine or breath 
testing  [40]  should be considered. 

 Placebo - controlled trialsPlacebo - controlled trials 
are usually regarded as the gold standard but this may 
mean that effective treatment may be withheld. An 
example of this is the trial in children with asthma 
comparing the effi cacy and safety of three doses of 
budesonide with placebo in children aged 4 – 8 years 
who had been receiving regular inhaled steroids as 
standard treatment  [41].  The EU guidance states that 
the placebo should not be used if effective treatment 
will be withheld. Off - label treatments can be consid-
ered for use as a comparator drug in a trial if they are 
considered to be standard of care.  

Safety monitoring
 With evolving knowledge during the conduct of the 
trial clinical risk may change so it is essential that 
monitoring takes place. A review of paediatric ran-
domised controlled trials from 1996 to 2002 showed 
that very few (13%) paediatric trials had a data safety 
monitoring committee  [42].  EU and US guidance 
recommends that an independent data safety moni-
toring committeewith appropriate expertise is used. 
When not appropriate, for example, in certain small 
PK studies, this should be justifi ed.  

Special populations
Healthy children 
 The role of the healthy child in research is still not 
clearly defi ned. In principle, children should not be 
enrolled as healthy volunteers within the EU  [43].  
The exceptions are palatability testing of a new medi-
cine. PK studies in healthy children are generally 

ruled out as they are considered to pose a risk greater 
than the acceptable background risks of ordinary 
activity (risk of death of one in 100,000)  [44].   

Neonates
 This is the most vulnerable paediatric subgroup. 
Informed consent can be challenging especially in 
emergencies and there may be limited time to obtain 
consent  [45].  Limits for trial - related blood loss are 
recommended  [43].  This equates to 2.4   mL/kg for the 
3% limit over a 4 - week period, that is, less than 2   mL 
in a very low birth weight preterm.  

Adolescents
 Research can be challenging in this age group, as, 
although they belong to the paediatric age group, they 
have the capacity to make adult decisions. The need 
for assent and appropriate patient information, as 
already discussed, is paramount  [29].  There needs to 
be protection of confi dentiality, and the disclosure of 
information to parents and other health professionals 
needs to be transparent to the adolescent concerned 
at the start of any trial to which they assent. An ado-
lescent may cease to be a minor and become legally 
competent during a prolonged trial. This must be 
recognised and informed consent must be sought as 
soon as possible when this occurs.    

Regulatory requirements 

 The shortage of paediatric drug studies (Figure  15.1 ) 
and the delayed initiation and completion of pae-
diatric studies compared to studies in adults, has 
prompted many regulatory changes and guidelines 
over the last decade to promote further studies in 
paediatric populations, as highlighted in the regula-
tory milestones earlier.   

The carrot and the  stick
 The two US paediatric legislations, FDA Modernisa-
tion Act and Pediatric Research Equity Act, are often 
described as the carrot and the stick as they combine 
mandatory requirements to carry out appropriate 
drug studies in children with a reward in the form of 
market exclusivity. Similarly, the EU Paediatric Regu-
lation (EC No 1901/2006) has introduced regulatory 
procedures in Europe.  

Paediatric  investigation plan
 The paediatric investigation plan (PIP) is a develop-
ment plan aimed at ensuring that the necessary data 
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 As some diseases do not affect children (e.g. Par-
kinson ’ s disease), the development of medicines for 
these diseases should not be performed in children. 
In these cases, a PIP is not required and it will be 
 waived .  

  Paediatric  i ncentives 
     •      For new products and certain changes to the mar-
keting authorisation for products still covered by 
patent protection, a 6 - month extension of the sup-
plementary protection certifi cate if information aris-
ing from a completed PIP is incorporated into the 
Summary of Product Characteristics.  
   •      For orphan medicinal products a 2 - year extension 
of market exclusivity if information arising from a 
completed PIP is incorporated into the Summary of 
Product Characteristics.  
   •      For off - patent products a new category of market-
ing authorisation called the paediatric use marketing 
authorisation will be associated with a 10 - year period 
of data and market protection.     

  UK  s trategy  d ocument on  m edicines 
for  c hildren 
 The MHRA and Department of Health have pro-
duced a strategy document on medicines for children 
along with accompanying questions and answers 
(Figure  15.2 ).     

are obtained through studies in children, when it is 
safe to do so, to support the authorisation of a medi-
cine for children  [16].  Pharmaceutical companies 
submit proposals for PIPs to the European Medicines 
Agency ’ s Paediatric Committee. This Committee is 
responsible for agreeing or refusing the plan. The 
Paediatric Regulation requires these plans to be 
submitted to the Agency early wherever possible, in 
contrast to US requirements which require submis-
sions at a much later date although the development 
plan can be modifi ed at a later stage, as knowledge 
increases. 

 PIPs should include the following:
    •      A description of the studies and of the measures to 
adapt the medicine ’ s formulation to make its use 
more acceptable in children, such as use of a liquid 
formulation;  
   •      Cover of the needs of all paediatric age groups, 
from birth to adolescence;  
   •      Examination of the timing of studies in children 
compared to adults.    

 In some cases, studies can be  deferred  until after the 
studies in adults have been conducted. This ensures 
that research in children is carried out only when it 
is safe and ethical to do so. Even when studies are 
deferred, the PIP will include details of the paediatric 
studies and their timelines. 

     Figure 15.1     Paediatric medicines not studied.  
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Magazine;  1981 . Available from:  http://www.fda.gov/

AboutFDA/WhatWeDo/History/ProductRegulation/

SulfanilamideDisaster/default.htm  (accessed 8 Novem-

ber 2012).   

     3.       Sutherland   JM  .  Fatal cardiovascular collapse of infants 

receiving large amounts of chloramphenicol .  AMA J Dis 

Child .  1959 ; 97 ( 6 ): 761  –  7 .  

     4.       Burns   LE  ,   Hodgman   JE  ,   Cass   AB  .  Fatal circulatory col-

lapse in premature infants receiving chloramphenicol . 

 N Engl J Med .  1959 ; 261 : 1318  –  21 .  

     5.       Weiss   CF  ,   Glazko   AJ  ,   Weston   JK  .  Chloramphenicol in 

the newborn infant. A physiologic explanation of its 

toxicity when given in excessive doses .  N Engl J Med . 

 1960 ; 262 : 787  –  94 .  

     6.       Cray   SH  ,   Robinson   BH  ,   Cox   PN  .  Lactic acidemia and 

bradyarrhythmia in a child sedated with propofol .  Crit 

Care Med .  1998 ; 26 ( 12 ): 2087  –  92 .  

     7.       Von   Neergaard   K  .  Neue auffassungen uber einen grund-

begriff der atemmechanik. Die retraktionskraft der 

lunge, abhangig von der oberfl achenspannung in den 

alveolen .  Z Gesamt Exp Med .  1929 ; 66 : 373  –  94 .  

     8.       Halliday   HL  .  Overview of clinical trials comparing 

natural and synthetic surfactants .  Biol Neonate . 

 1995 ; 67 ( Suppl 1 ): 32  –  47 .  

     9.       Junod   SW  .  Biologics centennial: 100 years of biologics 

regulation . Update from the food and drug law institute. 

Silver Spring, MD;  2002 .  

Conclusions

 Paediatric drug development is especially challenging 
as it poses considerations and requirements over and 
above those required for drug development in adults. 
Developmental differences between children and 
adults mean that drug pharmakoinetics and phar-
macodynamics cannot be extrapolated from adult 
data. In addition, there are unique ethical dilemmas, 
such as the investigators ’  duty to safeguard the best 
interests of the child, the requirement of parental 
consent and the provision of age - appropriate infor-
mation and inclusion in the consent process of com-
petent minors. Recent government directives and 
regulations represent signifi cant and important steps 
forward in testing new and established off - label drugs 
for children.  
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16  Due  d iligence and the  r ole of the 
 p harmaceutical  p hysician  

Geoffrey R. Barker
  Independent Consultant in Pharmaceutical Medicine; Board Member, Trustee and Registrar, Faculty of Pharmaceutical Medicine of
The Royal Colleges of Physicians, UK       

Introduction 

 Due diligence for a drug development project refers 
to a risk - based evaluation of data in anticipation of a 
proposed business deal, initially represented by a 
draft term sheet. For any investment or partnership 
to proceed, a thorough investigation of all available 
data, both proprietary and non - proprietary, by a 
team of experts (including the pharmaceutical physi-
cian) proceeds with the intention of predicting future 
events, such as the probability of success and a fore-
cast of sales. 

 An interested investor or potential corporate 
partner uses due diligence to assess the risks and and 
future value - generating milestones of a product or 
portfolio of products. Such milestones typically 
include establishment of proof of concept or regula-
tory approval. Services may also form part of the 
transaction. The risk - adjusted net present value of a 
product or transaction needs to be determined before 
a contract can be fi nalised. 

 The basis for the entire diligence process relies on 
the mutual exchange of confi dential information by 
the parties within the confi nes of a confi dential dis-
closure agreement. This exchange of data is often 
conducted by electronic means by use of a virtual 
data room (VDR) in which the seller may easily 
control and track the use of data by the buyer. 
However, the use of a VDR does not obviate the need 
for face - to - face meetings at which issues can be clari-
fi ed and often resolved. 

 Due diligence is not a one - sided activity by the 
potential buyer. The seller simultaneously needs to 
establish that the buyer has the appropriate fi nancial 
resources to complete the transaction and, in a part-
nering situation, has the clinical and fi nancial where-
withal to maximise the future value of the asset. 

 Due diligence is a complex process with interaction 
at different levels and involving signifi cant interper-
sonal skills. The pharmaceutical physician is a key 
member of the due diligence team, being charged 
with ensuring that questions have been fully and 
frankly answered. Where the data are complete, this 
can be a relatively straightforward process but more 
often the data are preliminary and are presented as 
work in progress, making it diffi cult to make reliable 
prediction of success. Sometimes the picture can be 
resolved by understanding the specifi c molecule or 
drug properties and placing these alongside the 
current regulatory requirements. In others, such as 
with preclinical or early clinical assets, it may be 
impossible for the team to render a judgement on the 
likelihood of success, which may lead to abandon-
ment or postponement of the transaction. 

 Often, due diligence proceeds initially with the 
research and development (R & D) team, and later, 
when the actual product profi le is ascertained, the 
commercial risk assessment is made. The probability 
of success, as well as the commercial sales forecast are 
ultimately judgement calls largely based on experi-
ence and personal intuition. The overall manner in 
which data have been presented needs to be carefully 
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apeutic expertise and training may be called upon to 
render clinical judgements; and  
   •      supplying data on behalf of the vendor.    

 Whether representing the buyer or the vendor, 
the role of the pharmaceutical physician frequently 
involves acting as a leader, communicator and driver 
of the process, as well as providing clinical or medical 
support to the team. 

 Ultimately, as a senior member of the team, the 
physician may be the presenter of the fi nal report to 
the governing board and may subsequently be tasked 
with transmitting the board ’ s decisions, whether 
negative or positive. 

 The pharmaceutical physician may be required to 
evaluate small - molecule compounds, biologics or 
medical devices. Increasingly, advanced technologies 
and technology - derived products, such as targeted 
oncologics, biomarkers, biosimilars are on the table 
for potential marketing and licensing deals. These 
require the support of established identifi able data on 
quality, effi cacy and safety, suffi cient to support regu-
latory submission of an investigational new drug 
(IND) and/or later a new drug application (NDA) or 
marketing approval. Individual pharmaceutical phy-
sicians may themselves specialise in different areas:
    •      R & D of small molecules or biopharmaceuticals, 
vaccines or cell therapy;  
   •      pharmaceutical products  –  prescription, over - the -
 counter, branded and generics;  
   •      consumer products  –  health, hygiene;  
   •      medical devices;  
   •      diagnostics; and  
   •      food technology  –  nutraceuticals, minerals and 
vitamin supplements.    

 The situation is different for a physician work -
ing within the venture capital arena from that of 
one working within an established pharmaceutical 
company. Most venture capitals are interested in a 
product - based investment so that the physician, 
along with the rest of the due diligence team, must 
evaluate the fi ndings, not only scientifi cally but also 
for their impact on the preliminary fi nancial deal 
terms and how these terms may be amended to miti-
gate any increased exposure risk. After the term sheet 
is agreed, the physician may be called upon to ensure 
that appropriate contractual protection is provided 
for the buyer. 

 In a life science industry transaction, the seller, 
who is anxious to achieve the optimal return, may 
have a number of options, including mergers, acqui-
sitions, sale of chosen assets or out - licensing of a 
technology. In addition, seeking venture capital 

considered. One must be wary of bias and attendant 
risk when, for example, a single spectacular result is 
presented by an over - enthusiastic discoverer or 
founder. Such a result may often need to be con-
fi rmed and validated. A realistic estimate of the time -
 frame needed for this is important because of the 
impact of future competition, period of intellectual 
property protection and the potential for regulatory 
exclusivity. 

 By the nature of the businesses and the myriad of 
potential return scenarios involved, the process of 
due diligence is highly variable. Of course, the mag-
nitude of the deal is relevant with a low value transac-
tion usually requiring a smaller team than for bigger 
deals. Whatever the size, due diligence requires hard 
work, is often more time - consuming than originally 
anticipated and frequently involves revisions of draft 
term sheets. Not every avenue can be fully explored; 
therefore the team must spend time determing which 
are the items with the greatest impact and focusing 
on those. 

 Social media and other networking websites 
and facilities allow participants in clinical trials to 
freely and publically express their views. Although 
these views are not subject to the usual rigous of 
clinical trial data they are being increasingly recog-
nised as an early way of  ‘ assessing ’  the possible 
potency and side effect profi le of a compound. 
Although the trial designs still remain blinded, the 
subject may be infl uenced by information spread by 
these social media websites and feel that their experi-
ence does not match up to others in the trial. Thus, 
reporting of an individual ’ s data of their own clinical 
trial may be infl uenced for and or against their own 
assessment. This could potentially call into question 
the validity of a trial and needs to be taken into 
consideration.  

Role of the pharmaceutical physician

 The role of the pharmaceutical physician in the due 
diligence process may include:
    •      a top - level review looking only at aggregate data;  
   •      a deep level review of individual patient data (e.g. 
adverse events and/or serious adverse events) or a 
small number of specifi c events (e.g. Hy ’ s law cases), 
which may be critical in determining the risk – benefi t 
ratio of the product;  
   •      a review of a portfolio of products in various stages 
of development within multiple therapeutic classes, 
in which case, several physicians with particular ther-
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Scope of due diligence

 The timing and extent of the due diligence is defi ned 
by the deal term sheet, the magnitude of the proposed 
deal and the degree of risk aversion of the investor or 
buyer. The scope of the due diligence is defi ned by the 
parameters set in the term sheet and embraces those 
factors that will infl uence the pay - back mechanisms 
(e.g. probability and timing of achieving milestones 
or sales forecast if royalties are involved), usually 
ranked in order of importance. 

 Drug discovery, identifi cation of lead compounds, 
lead optimisation pharmacokinetics in animals, safety 
pharmacology and toxicology through to exploratory 
clinical development to proof of concept are hazard-
ous activities in their own right. They may also be at 
the mercy of available capital and often compete for 
funding. Cash constraints in smaller companies may 
delay execution of key studies or result in them being 
left incomplete or even overlooked altogether in the 
rush to demonstrate human proof of concept and 
effi cacy. This is where due diligence becomes a critical 
and logical step to track, review and verify the data 
available in the key areas required for commercial 
success.  

Process of  due diligence

 The pharmaceutical physician must have adequate 
knowledge of the clinical features and mechanism of 
the relevant disease process. This may be achieved by 
fi rst gaining a general overview and then using key 
opinion leaders, for discussions with investigators 
and, for biotech proposals, often with the scientifi c 
advisory board members. Permission and direction 
must usually be obtained from the vendor as there 
can be signifi cant commercial advantage or disadvan-
tage to interested parties if any of these discussions 
were leaked to outsiders. 

 Depending on circumstances, the physician may 
need to undertake the clinical review away from the 
main review team and as such may require suitable 
facilities and relevant data in order to assess the safety 
and effi cacy issues as well as subject risk and the 
relevance of the clinical application in the light of 
current practice and the known pathophysiology of 
the disease mechanism. 

 As a fi rst step it is usual to appoint a leader or point 
person whose responsibility is to assess the proposal, 
and communicate and coordinate a logical evalua -
tion from the initial data provided by the business 

funding or public offerings of equity are areas for the 
seller who will be anxious to achieve the best return. 
The buyer may be looking to invest, take over or 
otherwise acquire an interest in the seller and both 
parties may well have different priorities and 
timelines. 

 Increasingly, smaller companies are turning to 
contract research organisations to help them fund 
clinical development, offer additional expertise or 
strategy, and thereby offer evidence of greater value 
for their product. The pharmaceutical physician may 
therefore fi nd involvement in so - called partnering 
solutions which seem to offer solutions previously 
available only within the pharmaceutical industry. 
After a transaction is completed, a pharmaceutical 
physician may become part of a Joint Development 
Committee which will involve a voice, but not neces-
sarily a vote, at the drug development table. 

 No matter what the specifi c context, due diligence 
is an ongoing review process leading to a fi nal report 
to be used by management to support and under-
stand the deal risks. For simple deals or those involv-
ing a smaller amount of capital (e.g. $1 – 5 million) 
this can be the work of one or two individuals. With 
more complex deals, no single individual is able to 
cover all the necessary areas, which often include 
preclinical, clinical pharmacology, clinical develop-
ment, regulatory affairs, commercial, sales forecast-
ing, intellectual property, chemistry, manufacturing 
and controls, supply chain, etc. A team may often be 
supported by external experts and consultants. The 
due diligence process, which includes writing and 
collating the fi nal report, must be carefully and effi -
ciently managed so that it does not delay the deal 
process which can entail signifi cant fi nancial 
penalties. 

 The reader and end user of the fi nal report should 
be able to fi nd a summary (see  ‘ Writing and assem-
bling the due diligence report ’ ) of the various special-
ist teams ’  fi ndings, an overall team judgement on the 
probability of success for a predefi ned milestone and 
a sales forecast. The report should contain adequate 
referencing to the source data and to the views of key 
opinion leaders. In addition, the identifi ed risks relat-
ing to the product, including potential delays in regu-
latory approval for insuffi cient or incomplete or 
negative safety or effi cacy data, should be highlighted. 
Known regulatory areas of concern, such as off - target 
toxicity, should be fully addressed along with esti-
mates of additional data that might be needed. Such 
an analysis may be presented as a Risk Evaluation and 
Mitigation Strategies programme.  
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agree on the site where the data are to be made 
available (e.g. the physical or VDR) as well as the 
availability of key personnel familiar with the data. 
For the R & D evaluation, essential data includes the 
regulatory fi les, correspondence with the regulatory 
authorities, the product development plan, any clini-
cal trial data and the proposed manufacturing 
process. Enquires should be made about the format 
of the data and requests for electronic copy for ease 
of use and search of key words. It may also be neces-
sary to discuss and obtain consent for the removal of 
data from the data room (or VDR) for further analy-
sis. Other documents that should be requested for 
review are listed in Box  16.2 .   

 The scope of the due diligence process may require 
discussion on the intellectual property rights, struc-
ture of the company and its previous corporate 
history, its fi nancial solvency, manufacturing ability, 
research and development facilities and capabilities, 
reference checking on staffi ng and advisory board 
members. 

 Patentability and enforcement patents are essential 
elements of a proposed pharmaceutical business deal. 
Strong patent protection is a necessary part of drug 

development teams to determine the composition of 
the possible future due diligence teams. This person 
is usually referred to as the project leader and is 
typically a doctoral level professional who can con-
verse in the language most comfortable to all team 
members, including the pharmaceutical physician. 

 Checklists should be developed and can be fol-
lowed by a Request for Further Information. This will 
require the signing of confi dential disclosure agree-
ments, which should take place alongside legal con-
sultation to determine any legal or commercial 
responsibilities or confl icts of interest arising from 
obtaining these data, especially for publicly traded 
companies. At this stage in the due diligence process 
it should be possible to estimate the need for infor-
mation on such areas as shown in Box  16.1 .   

 Budget, resource evaluation, availability of key 
personnel, an in - house secure document storage/
tracking process and head count have to be deter-
mined. Arrangements should be made to select and 

BOX 16.1   Areas  r equiring  d ue  d iligence 

        •      Preclinical results  

   •      Clinical pharmacology  

   •      Toxicology  

   •      Chemistry  

   •      Manufacturing and controls  

   •      Regulatory and regulatory correspondence  

   •      Comparison of the target and actual product profi le 

as well as an overview of the competition from a 

label standpoint  

   •      Clinical trial supplies  

   •      Clinical trials (including the Integrated Summary of 

Safety)  

   •      Pharmacogenomic data  

   •      Thoughts of key opinion leaders/payers  

   •      Statistical analysis (including Statistical Analysis 

Plans)

   •      Sales and marketing (with assumptions behind the 

sales forecast)  

   •      Primary or secondary research  

   •      Payer research  

   •      Product valuations  

   •      Labelling and leafl ets  

   •      Distribution  

   •      Finance  

   •      Intellectual property including the potential for 

regulatory exclusivity  

   •      Legal  

   •      Competitor information (from commercial)  

   •      Product/brand development  

   •      Supply chains     

BOX 16.2    Other  d ocuments for  r eview 

        •      Correspondence fi les of regulatory authorities and 

the availability of formal letters, meeting minutes, 

telephone logs and fi ling agreements  

   •      Minutes and/or notes of planned pre - investigational 

new drug, or pre - investigational device exemption, 

end of phase II meetings and new drug application 

discussions

   •      Up - to - date information on all ongoing preclinical 

and clinical trials to determine their status and likely 

fi nish times  

   •      Carcinogenicity assessment meetings completed or 

planned

   •      All clinical protocols and clinical monitor reports to 

assess the well - being of the trials and any 

investigator feedback  

   •      All information concerning reported adverse events 

and their analysis, periodic safety update reports and 

internal safety summary data  

   •      Confi rmation of regulatory reporting requirements 

to national agencies  

   •      Company drug product/device/technology 

development plans covering preclinical  

   •      Clinical, chemistry manufacturing and control issues  

   •      Proposed marketing strategy plans;  

   •      Drug master fi les and if so how this may be assessed     
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   •      Desirable courses of action in relation to the 
product development.  
   •      Market assessment opportunity of the product.  
   •      A commercial review.  
   •      Sales and marketing forecast.  
   •      Any additional data that would be relevant to the 
decision - making process.  
   •      The proposed investment memo and term sheet.    

Executive summary
 This should be brief and slanted to the needs of its 
audience and the end - user. Not everyone reading 
the report will have the same level of expertise, but 
all will want to see, in a well - presented and readily 
accessible format, the scope of the proposal and the 
relevant product information along with market 
analysis and projections. It is important to state 
clearly the risks and benefi ts of the proposal as identi-
fi ed by the due diligence process and term sheet (or 
fi nal contract, if available). Where possible, outline 
solutions should be offered to negative fi ndings. 
Because users are involved at different levels in the 
decision process it is often helpful to offer the con-
sensus view of the due diligence team because the 
members have been closely involved with the data 
and the members of the selling organisation and thus 
have a good idea of the ambience surrounding the 
deal and the scope for possible future successful 
collaboration.  

Due diligence summary
 The process of due diligence requires an assessment 
of a vast quantity of data and it is not appropriate 
simply to paginate and present these data. Data have 
to be edited, summarised and put into perspective. 

 The investors want to see the critical factors for and 
against the proposal and to be able to understand 
how these factors have been generated. Referenced 
access to the original data should be provided. Both 
the advantages and disadvantages of the new pro-
posed product should be listed and some indication 
given as to where this product will fi t into the current 
market and the possible competitors is critical at this 
stage. The advantages and disadvantages of the new 
proposed products should be listed. 

 The key due diligence fi ndings can be grouped 
under the general headings of quality/manufacturing 
and controls, effi cacy, safety and intellectual property 
issues and should be presented with special reference 
to the proposed product profi le. The current stage of 
clinical development should be summarised and a 

development, especially for new chemical entities and 
specialty areas. It is important that only a patent 
attorney or patent agent experienced and currently 
up - to - date in the worldwide pharmaceutical patent 
laws, rules and regulations be in charge of the patent-
ing process. Some of the best patent attorneys have 
chemistry backgrounds and may have even worked 
on the generic side of the business in order to under-
stand workarounds and blocking techniques utilised 
by pharmaceutical companies. The laws, rules and 
regulations vary on a country - by - country basis and 
are constantly changing. Case law continues to be 
developed in patentability and patent infringement. 
It is also important to consider at an early stage 
having access to team members with expertise in 
patent preparation and prosecution as well as patent 
infringement litigation. Information can be found on 
websites and from other sources that are useful for 
patentability (e.g. FDA ’ s Orange Book), available 
patent protection, descriptions of the patent laws, 
rules and regulations and patent infringement litiga-
tion. However, it requires an experienced individual 
who is currently active and experienced in the scien-
tifi c fi eld of the therapeutic application and chemical 
entity of the drugs to apply this information to a suc-
cessful business deal. It is not a role to be undertaken 
by the pharmaceutical physician. 

 It is possible that the deal can be completed solely 
on the information provided at this stage in the dili-
gence process without more intensive due diligence 
because the team ’ s overall fi ndings support the deal. 
Conversely, the initial review may not support the 
deal and no further action may be required.  

Writing and assembling the due
diligence report

 There is no uniformly accepted set of guidelines or 
regulatory mandates for the preparation of a due dili-
gence report. The format chosen will refl ect the style 
of the user company and should be presented in line 
with any approved in - house format. The specifi c con-
tents vary on a case - by - case basis but should include 
information that can be conveniently assembled 
under the following headings:
    •      An executive summary.  
   •      An overview of the due diligence process and fi nd-
ings in summary format.  
   •      An assessment of the product under consideration.  
   •      Current regulatory status.  
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the deal and will differ for new chemical entities from 
that for established marketed products or  ‘ me - too ’  
products. This will require analysis of summary basis 
of approval of competitor products (if available) to 
place matters into context.  

Commercial  review
 There are several important aspects to commercial 
review. These involve the market opportunity for the 
product. In order to estimate this, it is often necessary 
to go directly to physicians and conduct interviews 
with high prescribing physicians and infl uential key 
opinion leaders in order to gauge their reception to 
the properties of the new product which must be 
disguised and described in somewhat general terms 
(e.g.  ‘ Product X ’ ) to prevent commercial advantage 
being lost. 

 Depending on the therapy area and the competi-
tive marketplace, introducing a new product can be 
expensive and requires a dedicated team. For many 
small companies, their ability to compete is not suf-
fi cient to achieve optimal sales and revenue and often 
the strategy is to develop early products and sell them 
on later (or outlicense them) for additional clinical 
development and/or launch. 

 As part of the market opportunity, commercial 
assessment experts are needed to cost out a launch 
and to confi rm that the proposed product profi le will 
be competitive and can be achieved by the proposed 
clinical development plan within the timespan needed 
for commercial success. The commercial view must 
also blend with the known fi ndings of the regulatory, 
manufacturing, non - clinical and clinical effi cacy 
experts. For example, if the product has a bitter taste 
or can only be made as an intravenous injection or 
requires 10 large pills per dose, the market projections 
will need careful appraisal and evaluation by both the 
sales forecast and commercial teams. Increasingly, it is 
advisable to discuss with potential payers (through 
primary research, such as interviews) the likelihood 
for reimbursement and then work backwards. 

 Depending on the life cycle stage of the product 
under consideration, it may be necessary to review all 
promotional material and important documents 
carefully, such as the investigator ’ s brochure, to 
ensure accuracy with the available data sets. The 
impact of cautionary labelling based on observed 
adverse drug reactions or absence of specifi c sub-
populations in trials must be carefully appraised with 
regards to the marketed label and the potential for 
decreased potential market share.  

brief list of future studies thought to be necessary to 
achieve IND and or NDA/marketing authorisation 
application (MAA) submission status. Timelines of 
proposed studies are critical. Potential delays should 
be clearly described.  

Product  assessment
 This will depend on the stage of the product, and may 
be limited to animal data for proof - of - concept 
opportunities. Human data may not be present and, 
due to the time lag associated with medical writing, 
fi nal study reports of these data often are not yet 
available. University academic institution develop-
ment programmes do not always fulfi l the require-
ments of the regulatory authorities and care must be 
taken to ensure that data and study design have been 
interpreted and performed in accordance with Good 
Laboratory Practice (GLP) and Good Manufacturing 
Practice (GMP). 

 Sometimes, the initial development and product 
profi le have not been tailored to the potential market-
ing opportunity and as a result the studies provided 
may not yet adequately support the proposed indica-
tion or provide adequate competitor challenges. Early 
work is often carried out by a contract organisation 
and the quality control needs to be carefully checked 
to ensure any data presented have come from vali-
dated sources and that work has been correctly 
carried out within regulatory guidelines. 

 The fi nal marketing locations will also necessitate 
reference to the International Conference on Harmo-
nisation (ICH) regulatory requirements to ensure 
acceptance of product data. Not all countries in the 
world have agreed on a format for data and local 
country regulatory guidelines should be considered. 
However, most countries now accept the Common 
Technical Document format. The Common Technical 
Document is a convenient way of structuring the due 
diligence checklists. The all - important overviews are 
contained within Section 2 of the CTD.  

Regulatory review
 The regulatory pathway holds the keys to successful 
submission of product data to the regulatory authori-
ties. A seasoned team should be able to cover the USA, 
Europe and Japan with access to specifi c national 
agencies ’  experts to evaluate the submission history. 
An opinion on the content of the fi ling to date as 
to the reliability and ability of the data to support 
the proposed stage of development is essential. The 
precise extent of the regulatory opinion will vary with 
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    •      the need for the proposed new therapy and the 
idealised formulation;  
   •      ease of use (e.g. intravenous, topical or oral, once 
or twice daily dosing);  
   •      potential for drug – drug interactions;  
   •      suitable patient population;  
   •      adverse events for therapies for current treatment 
regimens;  
   •      impact of contraindications on prescribing 
preference;  
   •      potential for reimbursement; and  
   •      competitor environment and recent new scientifi c 
data presentations.     

Product  leafl et,  labelling and literature 
review
 Where this is available the clinical review needs to 
look closely at the proposed wording and assess 
the claims in the light of the available data. Again 
there may be differences in presentation and format 
between the differing national agencies. The physi-
cian can refer to the Physicians Drug Reference (PDR.
com) and the FDA and/or regulatory agencies ’  web-
sites for further information on similar therapeutic 
products as well as other professional sites for specifi c 
prescribing guidelines for various indications (e.g. 
ADIS). Specialist peer - reviewed journals are impor-
tant sources of information for both phase II and III 
clinical trials as are the websites listing ongoing clini-
cal trials. Company websites are useful and can help 
the reader understand novel developments. Care 
must be taken to recognise any potential bias con-
tained in this information as even peer - reviewed arti-
cles rarely contain individual (anonymised) patient 
information.   

Due diligence in private equity
and life science transactions 

 As interested parties such as private equity fi rms enter 
the health care fi eld, buy - outs, mergers and acquisi-
tions are becoming more frequent. Because these 
transactions come in a variety of different formats, 
the pharmaceutical physician may fi nd that business 
and fi nancial considerations dominate the potential 
product - based partnering discussions and may over-
shadow the due diligence process. However, the basic 
tenet remains, that no sales or deal process is com-
plete without pharmaceutical due diligence to assess 
the value of the assets. 

Pharmacogenomic data
 The Food and Drug Administration (FDA) and other 
national agencies are currently reviewing the data 
requirements for pharmacogenomics and biologics 
that are perceived to offer a platform for personalised 
medicine and their relevant publications should be 
studied. Any data that are to be part of the leafl et or 
label data relating to product claims, effi cacy or safety 
will be reviewed in the usual way and so can be 
subject to the due diligence process. It is probable that 
data will also be available for due diligence from sci-
entifi c research databases. This has to be submitted to 
the FDA via safe harbour but in the interest of full 
due diligence it should be explored and assessed.  

Safety and risk assessment
 For an early product there may be very few safety 
data, perhaps limited to animal pharmacology and 
toxicology. Therefore it is necessary to liaise with a 
preclinical expert to determine the relevance and 
completeness of data for an impending IND 
application. 

 A later stage product may have been developed in 
more than one continent and will have data from 
countries other than the one for which the due dili-
gence is being undertaken. Again, expert support is 
needed to ensure GLP and GCP compliance and 
acceptability of, for example non - US studies for the 
FDA and the requirements of, say, the Japanese 
authorities for both preclinical and clinical studies. 

 For licensed products, the due diligence process 
must include:
    •      MedWatch (US) and CIOMS (non - US);  
   •      periodic safety update reports;  
   •      summary basis of approvals;  
   •      regulatory agencies home pages;  
   •      internet search engines; and  
   •      use of specialised data vendors for specifi c com-
mercial product and clinical reviews.     

Relevance of the product in the 
clinical setting
 The best way to stress test the due diligence team ’ s 
assumptions is via access to scientists and, more com-
monly, expert (or high prescribing) physicians, 
actively working in the proposed therapy area as a 
helpful way of assessing the relevance of the proposed 
product to current clinical practice or competition 
 –  including potential product sales as well as payers. 
Using anonymised data, questions can be asked 
about:
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    •      a detailed listing of the exact due diligence steps;  
   •      a checklist of everything needed to be done in each 
due diligence area and requested from the potential 
partner, either directly or via a VDR;  
   •      specifi c due diligence tasks that need to be 
completed,including the fi nal study report at the con-
clusion of the exercise; and  
   •      all of the materials to be provided by the vendor 
before starting (usually contained in a requirements 
list as defi ned above).     

Further reading

       Hicks   P  ,   Huml   RA  ,   Howe   K  .  Key items to consider for phar-

maceutical due diligence from a nonclinical perspective . 

 Regulatory Affairs Focus .  2006  Nov; 32  –  43 . [Prior to enter-

ing into any pharmaceutical or biotech partnership, it is 

fundamental to identify the potential partners ’  needs 

and any proposed partnering arrangements ’  risks and 

benefi ts.]  

    Huml   RA  .  Introduction to the Due Diligence Process . 

 2010 . [A thorough description of the due diligence process 

from the hands on due diligence leader for a global 

corporation.]  

    Huml   RA  .  The pros and cons of using virtual data rooms for 

due diligence .  RAPS Focus .  2008 ; 13 : 43  –  5 . [Pharmaceuti-

cal and biotech companies, strategic partnering divisions 

of contract research (CROs) and investment fi rms are 

entering into alliances and joint ventures at an ever 

increasing pace. As the incidence increases it has an effect 

on due diligence costs and to reduce transaction times 

electronic databases and virtual data rooms are needed.]  

    Huml   RA  .  A novel investment partnering solution for 

sharing development risk .  RAPS Focus .  2008 ; 13 (12): 40  –  1 . 

[An example of a deal collaboration, highlights of the 

collaboration and potential ramifi cations for companies 

seeking to share development risk.]  

    Huml   RA  ,   Barker   GR  .  The process of due diligence from a 

clinical perspective .  Regulatory Affairs Focus .  2004 ;Feb/

Mar 44  –  6 . [In order to enter into any partnering solution, 

it is important to identify the needs of the potential 

partner and the risks and benefi ts of proposed partnering 

solution.]

    Huml   RA  ,   Barker   GR  ,   Cascade   E  ,   Fraser   K  .  An outline for 

the fi nal due diligence assessment report .  Regulatory 

Affairs Focus .  2004 ;Aug; 38  –  40 . [Although every organiza-

tion has its own process for assessing a partnering or 

licensing opportunity, best practice suggests that the 

evaluation of medical technologies should include an 

evaluation of product, market, legal, manufacturing and 

fi nancial issues. ]  

    Huml   RA  ,   Barker   GR  ,   Ryan   RP  .  Pharmacogenomics role in 

drug development: a regulatory perspective .  Regulatory 

Affairs Focus .  2004 ;Apr;  51  –  4 . [The FDA issued its fi rst 

 The immediate problem is one of scale and to some 
extent cost for the hoard of due diligence niche spe-
cialists who need to be on hand, not only to delve 
deeper but more extensively as the deal size grows  –  
for example, the deal process will involve legal, 
taxation, general partner assessment, personnel, envi-
ronmental, vendor, IT, pricing, marketing strategy in 
relation to the normal medical practice of the mar-
keting country and sponsor due diligence. 

 All of these are only a step away from the role of a 
pharmaceutical physician who will need to remain 
focused on the effi cacy, safety and quality of the phar-
maceutical assets, yet remain cognisant of the fi nd-
ings in these niche areas. One signifi cant concern is 
the ever - changing, less risk - adverse regulatory envi-
ronment, and the challenges leading to overlap and 
perhaps competition between the different agencies 
in their efforts to ensure patient safety, as well as the 
full and timely reporting of all adverse events. Special 
care must be taken to ensure that there are adequate 
procedures and paper trails in place to detect, pas-
sively and actively, adverse events and to take the nec-
essary action to update the summary of product 
characteristics, patient leafl ets and labelling for each 
agency where the product is marketed or under clini-
cal trial evaluation. Scrutiny of all regulatory agency 
inspections and letters is essential along with manu-
facturing and supply of drug substance, raw materials 
and fi nished drug product details (e.g. FDA - issued 
483s), to ensure no surprises are awaiting that will 
refl ect on the value of the asset.  

Conclusions

 The pharmaceutical physician is the cornerstone of 
the due diligence process, which requires a clear and 
precise assessment of the product(s) under consid-
eration and its clinical risk – benefi t as it relates to the 
proposed deal. This individual may be the team 
leader, the clinical reviewer, a member of the senior 
management assessment team or have the individual 
niche interests needed to support the deal process and 
provide an opinion for the future growth of the 
product(s). 

 In order to conduct a thorough investigation all the 
data, appropriate team members and the requisite 
environment must be in place before the due dili-
gence process begins. In fact, due diligence prepara-
tion and information gathering starts the moment it 
is decided that there is a term sheet on the table and 
requires:
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    Hurley   ME  ,   Mondabaugh   SM  .  The business impact of regu-

latory affairs .  Regulatory Affairs Focus .  2006 ;March:16 – 9.

[Regulatory affairs professionals are expected to partici-

pate in multidisciplinary teams for due diligence of poten-

tial licensing opportunities.]  

    Merhr   IJ  .  A guide to due diligence in life science transactions . 

 Westborough, MA :  D & MD Publications ;  2002  Sep.  ISBN 

1 - 57936 - 218 - 4 . [Due diligence is a critical component of 

any major business transaction.]  

    Mitchell   EJ  .  Pharmacogenomics and pharmaceutical devel-

opment .  Regulatory Focus .  2008 ;Mar; 36  –  9 . [Will pharma-

cogenomics truly become part of a much larger paradigm 

of personalised medicine, predicting the best possible 

treatment option in a regulatory framework designed to 

pick up adverse reactions much earlier in the pharmaceu-

tical life cycle?]  

    Rosania   L  .  Due diligence: a regulatory perspective .  Regula-

tory Affairs Focus .  2002 ; 7 : 44 . [Due diligence means differ-

ent things depending on our perspective.].  

    Schomisch   JW  .  Due diligence: assessing the regulatory risk . 

 Regulatory Affairs Focus .  2002 ; 7 : 20  –  4 . [As the health care 

products industry evolves, more companies are faced with 

mergers, acquisitions, major joint ventures and market-

ing, distribution and product deals.]  

  FDA approved drug products. Available from:  http://

www.accessdata.fda.gov/scripts/cder/drugsatfda/  (accessed 

9 November 2012). [For USFDA reviews see Drugs@

USA.]

   www.ema.europa.eu/  (accessed 9 November 2012). [For 

EMEA reviews see Human Medicines. List of Authorized 

Products (EPARS).]  

Additional background  reading on 
specifi c  therapy  areas 

    Huml   RA  ,   Chance   K  ,   Howe   K  ,   Hicks   P  ,   Tonkens   R  .  Follow - 

on biologics in the EU and US .  RAPS Focus .  2008 ; 13 :

 9  –  13 . [Follow - on biologic and biogeneric and biosimilars 
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    Huml   RA  ,   Chance   K  ,   Howe   K  ,   Hicks   P  ,   Tonkens   RM  .  CMC, 

Preclinical and Clinical Considerations for Biosimilars 

and Follow - on Biologics .  Regulatory Focus. 2008 ; 13 : 20  –
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taining to biosimilars in Europe.]  

    Huml   RA  ,   Gerard   B  .  The evolution of oncologic drug 

development .  Regulatory Focus .  2009 ; 14 : 37  –  44 . [The 

article discusses selected approaches and examples of 

selected US regulatory strategies to increase speed to 

market.]  

    Huml   RA  ,   Rich   C  ,   Chance   K  .  Key challenges to US topical 

ocular drug development .  Regulatory Focus .  2009 ; 14 :

 47  –  52 . [This article examines fi ve key facets of the 

ocular industry to highlight challenges in ocular drug 

development.]  

pharmacogenomics draft guidance in November 2003, 

and regulatory professionals are accelerating preparations 

to ensure that their companies, whether biotech, pharma-

ceutical or contract research, are poised to meet the 

challenges associated with pharmacogenomics during the 

drug development process.]  

    Huml   RA  ,   Barker   GR  ,   Tonkens   RM  ,   Hebert   DA  .  An overview 

of the clinical and regulatory implications of QT interval 

prolongation .  Regulatory Affairs Focus .  2004 ;May; 40  –  3 . 

[The QT interval measures the time it takes for the heart 

muscle to contract and relax. A QT interval lasts about 

four - tenths of a second.]  

    Huml   RA  ,   Baum   A  .  Key aspects of pharmaceutical due 

diligence intellectual property assessment: part I .  RAPS 

Focus .  2010 ; 15 (10): 28  –  30  and 32 – 33. [An overview of the 

role of the regulatory professional patent attorney and 

chemistry, manufacturing and controls professional for IP 

assessment.]

    Huml   RA  ,   Baum   A  .  Key aspects of pharmaceutical due dili-

gence intellectual property assessment: part II .  RAPS 

Focus .  2010 ; 15 (11): 24  –  9 . [A summary of the key aspects 

of US and EU patent exclusivity and a discussion of patent 

exclusivity for the due diligence intellectual property 

assessment.]

    Huml   RA  ,   Bullard   M  .  Partnering alternatives for biotechnol-

ogy companies .  Regulatory Affairs Focus .  2007 ;Nov; 34  –  7 . 

[The goal of every partnering deal, whether it involves 

co - development, co - promotion or strategic investing, 

should be to structure and plan for a long - term relation-

ship that is benefi cial to both parties from beginning to 

end (i.e. to get not only to Yes but past Yes).]  

    Huml   RA  ,   Jordan   P  .  Establishing a US sales force through 

a strategic alliance .  RAPS Focus .  2008 ; 13 (8): 46  –  7 . [An 

example of an alliance of a specialist pharmaceutical 
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Introduction 

 Our concepts of how medicines should be tested and 
regulated have evolved very gradually over time, 
perhaps dating back to Babylonian documents from 
the period of Hammurabi. This chapter is a brief 
account of some of the major events that have guided 
drug regulation to where it is today in the UK  [1] . 

 Mithridates VI, 120  bc , King of Pontus, concocted 
a compound preparation called Mithridatum which 
was held as a panacea for most ills until the 1780s. 
Mithridates VI having investigated the powers of a 
number of single ingredients, which he found to be 
antidotes to various venoms and poisons individually, 
he evaluated them experimentally. The required 
 ‘ clinical trials ’  were conducted on condemned crimi-
nals. Once an ingredient was found to be effective, 
Mithridates proceeded to incorporate it into his 
compound preparation,which eventually included 
41 individual components when fully formulated. 
Another variant of Mithridatum, known as Galene, 
which included 55 components, was available from 
the days of Andromachus ( c .  ad  50).  ‘ Galene ’  means 
 ‘ tranquillity ’  and also became known as theriac. This 
concoction took some 40 days to prepare, after which 
the process of maturation began. Galen considered 12 
years as the proper time to keep it before use. 

 Mithridatum and Galene found their way into 
England. A Saxon leechbook of the eleventh century 
records that Abel, the Patriarch of Jerusalem, sent 
Mithridatum or theriac to King Alfred the Great, who 
died on 26 October 899  [2] ).  The Leechbook of Bald
 [3]  is the most important piece of medical literature 
to have survived from the Saxon period. The docu-
ment is in two parts or leechbooks; the fi rst contains 

88 chapters and the second 67 chapters. A most 
important passage in the second leechbook refers to 
King Alfred ’ s request that the Patriarch Elias of Jeru-
salem send him remedies that the prelate had found 
effective. A formulation for theriac appears in this 
volume. 

 The second route by which Mithridatium entered 
Western medical culture was when the works of the 
Greek and Roman medical writers again became 
available in Italy, possibly via Spain or through the 
University of Salerno via Arabic sources. 

 Theriac appears to have been more greatly favoured 
than Mitridatum as a remedy for poisons. In the 
twelfth century, theriac was being manufactured in 
Venice, Padua, Milan, Genoa, Cairo and Constantino-
ple. The manufacture of theriacs took place in public 
with much pomp and ceremony. Most theriac fi nding 
its way into England was sourced from Venice where 
it became known as  ‘ Venetian Treacle ’  (the word 
treacle is a corruption of theriac). 

 It was commonly thought that if Mithridatum or 
theriac did not produce the desired effect this was due 
to incorrect preparation (perhaps with faulty ingre-
dients, or poor storage after manufacture). Thus, the 
only cause of therapeutic failure lay with the pharma-
cist who compounded the preparation. Misdemean-
ors were severely punished. 

 The earliest code of quality control in Britain 
appears to be that of the  Ordinances of the Guild of 
Pepperers in Soper Lane  in 1316. In the twelfth century 
the pepperers were responsible for the distribution of 
imported drugs and spicery (which included spices, 
sugar, confectionary and fruit). The ordinances of 
1316 included the apothecaries and the spicers and 
forbade the mixture of wares of different quality and 
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Figure 17.1     Frontpiece from  The London Pharmacopoeia , 

1st edition, 1618.  © Royal College of Physicians.    

price, the adulteration of bales of goods, or falsifi ca-
tion of weight by wetting. 

 The apothecaries later emerged as a craft guild of 
grocers and unsuccessfully petitioned Elizabeth I in 
1588 for a monopoly of selling and compounding 
drugs. It was not until 1607 that James I gave the 
apothecaries a charter to separate themselves from 
the grocers as the Worshipful Society of the Art and 
Mistery of Apothecaries. 

 As early as 1423, the Commonalty of Physicians 
and Surgeons of London appointed two apothecaries 
to inspect the shops of their colleagues and bring any 
who offended in the quality of their wares before the 
mayor and aldermen of the City of London. 

 The College of Physicians was founded by Henry 
VIII in 1518. In 1540 one of the earliest statutes on 
the control of drugs was passed (32 Henry VIII c.40 
for Physicians and their Privileges), which empow-
ered the physicians to appoint four inspectors of 
 ‘ apothecary wares drugs and stuffs ’ . Section 2 of the 
Act gave the physicians the right to search apothecar-
ies ’  shops for faulty wares, with the assistance of the 
 ‘ Wardens said mysterie of Apothecaries within the 
said City ’ . If the search found drugs that  ‘ were defec-
tive, corrupted and not meet or convenient to be 
administered in any medicines for the health of man ’ s 
body ’ , the searchers were to call for the Warden of the 
Apothecaries and the defective wares were to be burnt 
or otherwise destroyed. The right of the physicians to 
conduct visitations of apothecaries ’  premises was 
withdrawn at the time of the implementation of the 
Food and Drugs Act of 1875. 

 The 1540 Act of Henry VIII was incorrect in defi n-
ing the apothecaries as a separate body and this was 
corrected in the reign of Queen Mary by the Act of 
1553 (1 Mary Sess 2c.9), in which it was enacted:

  for the better execution of the searche and view of Poticary 

Wares, Drugges and Compositions according to the tenure 

of a statue made in the Two and Thirtieth yeare of the Reigne 

of the said late King Henry Eighth that it shall be lawful for 

the Wardeins Of the Grocers or one of them to go with the 

say ’ d Physitions in their vie and searche.   

 It is revealing that during the reign of Henry VIII the 
penalty for refusing to have wares examined was 100 
shillings of which the King took half; by Mary ’ s time 
this had doubled to  £ 10.00. 

 During the reign of Elizabeth I the making of 
Mithridatum and theriac was made subject to the 
Pharmacy Wares Drugs and Stuffs Act of 1540 and 
the manufacture of theriac was entrusted to William 

Besse, an apothecary in Poultry in the City of London, 
who had to show his product to the Royal College of 
Physicians. The  Pharmacopoeia Londiniensis  (Figure 
 17.1 ) was published in 1618 (although such a work 
had been considered as early as 1585 by the Royal 
College of Physicians) and contained detailed formu-
lations for the manufacture of both Mithridatum and 
theriac. In 1625, London was stricken by the plague 
and three apothecaries made 160, 50 and 40   lb of 
Mithridatium, respectively (Figure  17.2 ).   

 In 1665, during the Great Plague of London, 
Charles II turned to the Royal College of Physicians 
for advice. This advice recommended, among other 
measures, that the victims of the plague who devel-
oped buboes were to be treated with a plaster of either 
Mithridatum or Galene applied hot thrice daily. 

 Records of  ‘ visitations ’  of apothecaries ’  shops exist 
in the Library of the Royal College of Physicians for 
the years 1724 – 1754 (Royal College of Physicians: 
Visitation of Apothecary and Druggist Shoppes  in three 
volumes: 1 1724 – 1731; II 1732 – 1747; III 1748 – 1754). 
The fi nal volume contains the records of a further 
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 Concerns on the safety of medicines began to 
emerge when the 1853 Vaccination Act required that 
all infants had to be vaccinated against smallpox 
within the fi rst 3 years of life; default meant that the 
parents were liable to fi nes or imprisonment. The 
1867 Vaccination Act made it compulsory for chil-
dren under the age of 14 years to be vaccinated. A 
House of Commons Select Committee set up in 1871 
to investigate the effi cacy of the compulsory system 
was concerned by a report from Dr Jonathan Hutch-
inson, who reported the transmission of syphilis in 
two patients by arm - to - arm inoculation of the mate-
rial from the pustule of one patient to the arm of 
another. The use of calf lymph vaccine did not 
become standard until 1893, when a commercially 
produced preparation became available. Prior to this, 
it had not been possible to standardise material used 
for vaccination. 

 During the nineteenth century there had been little 
momentum to scrutinise medicines for safety or effi -
cacy; most effort had been up until then directed at 

Figure 17.2     Manufacture of Mithridatium.  

four visitations made on 14 April, 21 June, 10 August 
1756 and 9 June 1757 at which William Heberden was 
one of the censors  [1] . The physicians retained their 
privilege to search apothecaries ’  shops until the nine-
teenth century. It is interesting to note that in 1820 
the College censors visited Allen and Hanbury ’ s (then 
William Allen and Co.) and noted that  ‘ it was an 
excellent house ’ ). 

 Many physicians in the early eighteenth century 
had doubts as to whether Mithridatum and theriac 
were the universal panacea as claimed. The ultimate 
attack on the remedy came from Dr William Heber-
den (1710 – 1801) (Figure  17.3 ) who wrote a 19 - page 
pamphlet entitled Antitheriac: Essay on Mithridatum 
and Theriac  (1745) which he concludes with the 
words:

  Perhaps the glory of its [Mithridatum] fi rst expulsion from 

a public dispensary was reserved for these times and to the 

English nation, in which all parts of philosophy have been 

so much assisted in asserting their freedom from ancient 

fable and superstition, and whose College of Physicians, in 

particular, hath deservedly had the fi rst reputation in their 

profession.     

 The 1746  London Pharmacopoeia  was the last 
in which Mithridatum and theriac appear; they 
were absent from the 1788 edition. The  Edinburgh 
Pharmacopoeia  1756 dropped formulations for 
Mithridatum and Galene; however, formulations for 
these preparations persisted in the  German Pharma-
copoeia  of 1872 and in the  French Pharmacopoeia
of 1884. 

Figure 17.3     Dr William Heberden (1710 – 1801). 

 Attributed to the studio of Sir William Beechey, date 

unknown. © Royal College of Physicians.   
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of therapeutic claims made    . . .    be furnished to this 
Department.  
Recommendation 56 (7). That a special Court or Com-
mission be constituted with power to permit or pro-
hibit    . . .    the sale and advertisement of any patent, 
secret or proprietary remedy.  
Recommendation 56 (12). That inspectors be placed at 
the disposal of the Department.  
Recommendation 58 (2). That the advertisement and 
sale (except by a doctor ’ s order) of medicines pur-
porting to cure the following diseases be prohibited: 
cancer, consumption, lupus, deafness, diabetes, paral-
ysis, fi ts, epilepsy, locomotor ataxy, Bright ’ s disease, 
rupture.  
Recommendation 58 (3 and 4). That all advertise-
ments    . . .    of diseases arising from sexual intercourse 
or referring to sexual weakness    . . .    or abortifa-
cient    . . .    be prohibited.    
 The only tangible outcome of these deliberations was 
the Venereal Diseases Act (1917) and the Cancer Act 
of 1939 which prohibited the advertisement of medi-
cines for these conditions. 

 The forerunner to monitoring of adverse reactions 
can be traced to a recommendation in 1922 by the 
Medical Research Council (MRC) Salvarsan Com-
mittee. This Committee had been set up to investigate 
epidemics of jaundice and hepatic necrosis following 
the use of arsphenamine (Salvarsan). (Arsphenamine 
had been discovered in Germany in 1907 for the 
treatment of syphilis and had been imported into 
Britain until the outbreak of the First World War 
when the Board of Trade issued licences to certain 
British manufacturers.) The MRC Salvarsan Com-
mittee recommended reporting  ‘ to the Ministry of 
Health of details concerning such accidents, for it is 
only in the light of such information that investiga-
tion and measures with regard to their prevention can 
be successfully undertaken ’ . 

 Following concerns on impurities and standardi-
sation, including problems of contamination of 
surgical catgut with  Clostridium welchii  spores, the 
Therapeutic Substances Act (1925) was passed with 
the aim of regulating the manufacture of biological 
products, providing the standards to which they 
must conform and regulating their labelling. This 
Act recognised the signifi cance of the manufacturing 
process, factory inspection and in - process controls 
and was administered by the Ministry of Health. The 
Therapeutic Substances Act was later consolidated 
and strengthened in 1956 when Part II was added, 
which dealt with control of sale and supply. Records 
of sale had to be kept and the container had to 

quality. An early attempt to improve this situation 
came in 1799 in the Medical and Physical Journal
which called for the legislature to establish:

  a public board composed of the most eminent physicians for 

the examination, analysation and approbation of every 

medicine before an advertisement should be admitted into 

any newspaper or any periodical publication and before it is 

vended in any manner whatsoever.   

 These recommendations were 150 years ahead of 
their times but came to naught. 

 Following the discovery of the anaesthetic proper-
ties of chloroform in 1847, the Royal Medical and 
Chirurgical Society (the forerunner of the Royal 
Society of Medicine)set up a committee to look into 
the safety of chloroform in 1864. Later, Spencer Wells 
at the British Medical Association (BMA) meeting in 
Manchester in 1877 advocated urgent investigation 
into how anaesthesia, effective as it was, might be 
rendered safe for the future. The BMA set up a 
working party in 1877 to investigate reports of 109 
sudden deaths following chloroform anaesthesia. The 
BMA published its report in 1880, fi nding that chlo-
roform not only depressed respiration, but also had 
a deleterious effect upon the heart in very small doses 
and could cause cardiac arrest. The BMA suggested 
setting up an independent body to assess drug safety. 
The study had very little effect on generating public 
or political concern to set up a national regulatory 
authority. 

 However, the appearance of two publications by 
the BMA concerning certain proprietary medicines, 
entitled  ‘ Secret Remedies ’  (1909) and more  ‘ Secret 
Remedies ’  (1912), caused a Parliamentary Committee 
on Patent Medicines to be set up. The Committee 
reported in 1914, but the First World War intervened 
and all the proposed legislation was shelved  [1] . 

 Many of the recommendations had to await the 
1968 Medicines Act before they reached the Statute 
Book. For example:
Recommendation 56 (1). That the administration of 
the law governing the advertisement and sale of 
patent, secret and proprietary medicines and appli-
ances be coordinated and combined under the 
authority of one Department of State.  
Recommendation 56 (5). That there be established at 
the Department concerned a register of manufactur-
ers, proprietors, importers of patent, secret and pro-
prietary remedies.  
Recommendation 56 (6). That an exact and complete 
statement of the ingredients    . . .    and a full statement 
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malformations disappeared as suddenly as it had 
appeared. 

 Thalidomide was soon confi rmed as a potent tera-
togen in animal studies. The fi rst animal in which this 
characteristic congenital malformation was repro-
duced was the New Zealand white rabbit  [6] . 

 In August 1962, the UK government set up the 
Joint Subcommittee of the English and Scottish 
Medical Advisory Committees, under the Chairman-
ship of Lord Cohen of Birkenhead, with the following 
terms of reference to advise the Minister of Health 
and the Secretary of State for Scotland on what meas-
ures were needed:
1.     To secure adequate pharmacological and safety 
testing and clinical trials of new drugs before their 
release for general use;  
2.     To secure early detection of adverse effects arising 
after their release for general use; and  
3.     To keep doctors informed of the experiences of 
such drugs in clinical practice  [7].      

Voluntary  controls in the  UK
(1963–1971)

 In its interim advice delivered on 2 November 1962, 
the Joint Subcommittee of the English and Scottish 
Standing Medical Advisory Committees, in the light 
of the thalidomide experience, made three main 
recommendations:
1.     The responsibility for the experimental laboratory 
testing of new drugs before they are used in clinical 
trials should remain with the individual pharmaceu-
tical manufacturer.  
2.     It is neither desirable nor practical that at this 
stage of their evaluation the responsibility for testing 
drugs should be transferred to a central authority.  
3.     There should be an expert body to review the evi-
dence and offer advice on the toxicity of new drugs, 
whether manufactured in Great Britain or abroad, 
before they are used in clinical trials.    

 Following further consideration and consultation, 
the Joint Subcommittee formulated detailed advice 
on the composition and term of this expert Advisory 
Committee. On 6 November 1962, the Minister of 
Health announced that the government accepted the 
fi rst two recommendations and would await advice 
on the third. 

 In the period between its interim advice and its 
fi nal report, the Joint Subcommittee received memo-
randa from and met representatives of the Associa-
tion of the British Pharmaceutical Industry(ABPI), 

identify both the manufacturer and batch. The fi rst 
schedule to the 1956 Act included substances such as 
arsphenamine, vaccines, sera, toxins, antitoxins, anti-
gens, insulin, pituitary hormone and surgical sutures. 

 In  Medical Surveys and Clinical Trials,  edited by 
Professor Leslie Witts in 1959, several contributors 
pointed out that there were no effective requirements 
or standards of safety or effi cacy that those wishing 
to market a new medicine had to meet. Regulations 
there were, but no coordinated requirements of 
quality, effi cacy or safety. However, there was a long 
history of missed opportunities  [4].  

 The thalidomide disaster in 1961 was to blow apart 
the centuries of political complacency on regulation 
of drugs. The confi dence in the  ‘ therapeutic revolu-
tion ’  promised by the pharmaceutical industry was 
shattered and there followed considerable public 
outcry.  

The thalidomide disaster and its
immediate aftermath

 Thalidomide  [5]  is a sedative and hypnotic that fi rst 
went on sale in West Germany in 1956. Between 1958 
and 1960 it was introduced in 46 countries under 51 
different trade names. It was introduced into the UK 
market in April 1958 under the name Distaval. It 
enjoyed good sales because of its prompt action, lack 
of hangover and addiction observed with barbitu-
rates, and apparent safety. 

 Following anecdotal reports of benefi t in the treat-
ment of vomiting in early pregnancy, it was heavily 
promoted for this purpose. This use in early preg-
nancy was soon followed by an epidemic of a previ-
ously unknown congenital malformation of the limbs 
termed  ‘ phocomelia ’  because of its resemblance to the 
fl ippers of a seal, but other internal malformations 
also occurred. The fi rst cases were reported in 
Germany beginning in 1959 and then in other coun-
tries in which thalidomide was on sale. The manufac-
turer denied all evidence of a causal relationship 
between these congenital abnormalities and the drug. 
Worldwide, there were an estimated 10,000 cases of 
babies with phocomelia and other abnormalities, 
including about 500 in the UK. The frequency of the 
malformations in Germany followed the total sales of 
thalidomide with a time lag of a little less than a year. 
Thalidomide was withdrawn in Germany in Novem-
ber 1961 and in the UK in December 1961. Over the 
next 10 months its withdrawal was virtually world-
wide. After withdrawal, the epidemic of these unique 
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 The Committee consisted of a panel of independ-
ent experts from various fi elds of pharmacy, medicine 
and pathology, among others, with Sir Derrick 
Dunlop as its fi rst Chairman. The CSD became popu-
larly known as the Dunlop Committee. 

 The CSD had no legal powers but worked with the 
voluntary agreement of the ABPI and the Proprietary 
Association of Great Britain. These associations 
promised that none of their members would put on 
clinical trial or release for marketing a new drug 
against the advice of the CSD and whose advice they 
would always seek. In an attempt to make certain that 
manufacturers adhered to this agreement, health 
ministers undertook to send a circular to all doctors 
and dentists in the UK to inform authorities of any 
cases of a drug being marketed or put on clinical trial 
without the CSD ’ s approval. 

 A number of subcommittees were established in 
1963 to assist the CSD: the Subcommittee on Toxicity, 
the Subcommittee on Clinical Trials, the Subcommit-
tee on Adverse Reactions and a Subcommittee on 
Chemistry and Pharmacy. By January 1964 the CSD 
was in a position to invite submissions from manu-
facturers. Each manufacturer was given a four - digit 
company number for identifi cation and this was to 
be used for all their product - related documents. For 
example, Geigy (UK) Ltd was 0001; Glaxo Group Ltd 
was 0004; John Wyeth and Brother was 0011; Astra -
 Hewlett Ltd was 0017; and Abbott Laboratories Ltd 
was 0037. The order of allocation of these numbers 
was determined by the order in which submissions 
were made by manufacturers to the CSD. Thus, Geigy 
(UK) Ltd was the fi rst company to make a submission 
to the CSD. A second set of four digits followed the 
company number (i.e. 0000/0000) and related to the 
individual product licensed for sale or clinical trial to 
that company, again in numerical sequence relating 
to the order in which the companies made submis-
sions to the CSD. 

 The CSD required a wider interpretation of the 
term  ‘ new drugs ’  to include  ‘ new formulations of 
existing drugs, drugs to be presented for a new 
purpose, and existing substances not previously used 
as drugs, covering virtually all new products intro-
duced ’ . The CSD appreciated that new formulations 
ought to be subject to scrutiny because reformulation 
could introduce additional problems. 

 In 1965, manufacturers challenged the right of the 
CSD under its terms of reference to require evidence 
of effi cacy of a drug. The CSD took the view that 
failure of effi cacy constituted an unacceptable risk in 
serious conditions, while for trivial conditions where 

the BMA, the Pharmaceutical Society of Great Britain 
and the College of General Practioners. 

 Despite the reservations expressed by these bodies, 
the Joint Subcommittee took the view that public 
opinion was unlikely to be content with anything 
short of ministerial responsibility for verifying that 
adequate precautions had been taken to secure the 
safety of drugs, the more so because of the number 
and nature of new drugs. 

 The Joint Subcommittee issued its Final Report on 
 ‘ Safety of Drugs ’   [7]  in March 1963, which states in 
paragraph 10:

  We think that a Committee on Safety of Drugs should be 

established with subcommittees to advise it on each of the 

three aspects:

(i)     toxicity;  

(ii)     clinical trials and therapeutic effi cacy; and  

(iii)     adverse reactions.      

Committee on Safety of Drugs 
 The three health ministers of the UK (the Minister of 
Health, the Secretary of State for Scotland and the 
Minister of Health and Social Services for Northern 
Ireland), in consultation with the medical and phar-
maceutical professions and the ABPI, set up the Com-
mittee on Safety of Drugs (CSD) in June 1963. 

 The Committee had the following terms of 
reference:
1.     To invite from the manufacturer or other person 
developing or proposing to market a drug in the UK, 
any reports they may think fi t on the toxicity tests 
carried out on it; to consider whether any further tests 
should be made and whether the drug should be sub-
mitted to clinical trials; and to convey their advice 
those who submitted reports.  
2.     To obtain reports of clinical trials of drugs submit-
ted thereto.  
3.     Taking into account the safety and effi cacy of each 
drug, and the purposes for which it is to be used, to 
consider whether it may be released for marketing, 
with or without precautions or restrictions on its use; 
and to convey their advice to those who submitted 
reports.  
4.     To give to manufacturers and others concerned 
any general advice they may think fi t.  
5.     To assemble and assess reports about adverse 
effects of drugs in use and prepare information 
thereon that may be brought to the notice of doctors 
and others concerned.  
6.     To advise the appointing ministers on any of the 
above matters.    
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behind these guidelines was presented to the Fifth 
Conference of the European Teratology Society in 
September 1976. 

 The CSM proceeded to develop guidelines on other 
aspects of preclinical safety testing. This work was 
eventually subsumed into guidelines developed by 
the Committee on Proprietary Medicinal Products 
(CPMP) Safety Working Party (see later). 

 Full voluntary cooperation was not as assured as 
might have been anticipated, and during 1965 the 
CSD articulated in its Annual Report, a carefully 
worded aspiration for the introduction of statutory 
controls on drug regulation. After a period of review 
and consultation, a White Paper  ‘ Forthcoming Legis-
lation on the Safety,Quality and Description of Medi-
cines ’  was published in September 1967, and the 
Medicines Act based on these proposals received the 
Royal Assent on 25 October 1968. The CSD wel-
comed  ‘ the statutory provisions that provide a fi rm 
basis for the continued evaluation of drug safety in 
the future ’ .   

Medicines Act 1968 
 The Medicines Act 1968 is a comprehensive set of 
measures replacing most of the previous legislation 
on the control of medicines for human use and for 
veterinary use in the UK. It is a consolidation into a 
single Act of the relevant features of all previous rules, 
regulations and Acts in the UK concerning the manu-
facture, testing, marketing, promotion and sale of 
drugs. The Act is divided into 136 sections, divided 
into Parts I – VIII and has a further eight schedules 
appended to it. 

 The sections for licensing and monitoring purpose 
are as follow:
    •      Sections 18 – 24 regarding applications for, and 
grant and renewal of, licences, with Section 19 requir-
ing evidence of safety, effi cacy and quality when 
determining the application;  
   •      Sections 28 – 30 deal with the suspension, revoca-
tion and variation of licences;  
   •      Sections 31 – 38 on clinical trials;  
   •      Sections 51 – 59 on sale and supply;  
   •      Sections 85 – 88 on labelling and leafl ets;  
   •      Sections 92 – 97 on promotion and advertising; and  
   •      Sections 104 – 128 on enforcement.    
 Under Section 118 of the Medicines Act, all data sub-
mitted by a company in support of an application 
to conduct clinical trials or market a medicinal 
product are confi dential; even the existence of such 
an application is confi dential. Breach of confi dential-
ity attracts penalties and  ‘ any person guilty of such an 

effi cacy may be less relevant, even a small safety 
hazard is not acceptable. The CSD emphasised that it 
was not concerned with effi cacy per se and clearance 
for marketing did not necessarily imply approval of 
the drug as a valuable remedy. The CSD also noted 
 ‘ Medicines are not sacrosanct however, simply 
because they have been in use a long time ’ . This 
comment has shades of William Heberden ’ s com-
ments about Mithridatum and theriac . 

 In 1966, the CSD made observations that:

  It is now well known that the administration of one drug 

may considerably modify the actions of another being given 

at the same time. Both the toxicity and the metabolism of 

each drug may be affected by the other. This applies to com-

binations of drugs in one preparation as well as those sepa-

rately administered. However, it is still too readily assumed 

by some manufacturers that no additional hazard is incurred 

by combining two or more drugs in one preparation.   

 The fi rst drug – drug interaction alert was issued by 
the CSD in 1966. It concerned the risks from interac-
tions of adrenaline or noradrenaline with monoam-
ine oxidase inhibitors (MAOIs) used in the treatment 
of depression. 

Legacy of the Committee on Safety of Drugs 
 The CSD had required, as a minimum, teratogenicity 
testing in two species, one of which should be a non -
 rodent (usually the species chosen by pharmaceutical 
companies was the New Zealand white rabbit). This 
requirement was for single generation studies only. 
The CSD recognised the limitations of the tera-
togenicity tests in animals but emphasised that only 
in the most exceptional circumstances would they 
release any drug for clinical trial in women of child -
 bearing age until teratogenicity tests had been carried 
out and not revealed any potential teratogenic hazard. 
No detailed guidance was given. In 1973, the Com-
mittee on Safety of Medicines (CSM) set up a working 
party to look into the issuance of guidance that 
should be given to applicants for clinical trials or 
marketing approval in the light of current knowledge 
on the testing of new drugs for effects on reproduc-
tive function, fetal and neonatal development. The 
working party consisted of membership drawn from 
academia, contract research organisations, the phar-
maceutical industry and members of the CSM and 
Medicines Division of the Department. The result of 
these deliberations was set out in  Notes for Guidance 
on Reproduction Studies  [MAL 36, published by Medi-
cines Division (DHSS), 1976].The detailed thinking 
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(DHSS) which was managed jointly by an UnderSec-
retary and the Professional Head of the Division. The 
Professional Head of the Division held the rank of 
senior principal medical offi cer. Over the period, the 
successive Professional Heads of Medicines Division 
have been Drs D.A. Cahal (1964 – 1970), D. Mansel -
 Jones (1970 – 1974), E.L. Harris (1974 – 1977), J.P. 
Griffi n (1977 – 1984) and G. Jones (1984 – 1989). In 
1989, when the Division was reorganised into the 
Medicines Control Agency (MCA), Dr K.H. Jones was 
appointed the fi rst director of the agency.  

The Medicines Commission 
 The Medicines Commission, provided for under 
Section 2 of the Medicines Act to give general advice 
to Ministers relating to the execution of the Act, was 
established by Statutory Instrument (SI 1970/746) 
with Sir Derrick Dunlop as its fi rst chairman. 

 The functions of the Commission were wide:
    •      to advise the LA on matters relating to the execu-
tion of the Medicines Act;  
   •      to recommend to Ministers, the number and func-
tion of committees to be established under Section 4 
of the Act and to recommend such persons as they 
consider well qualifi ed to serve as members of such 
committees; and  
   •      to advise the LA in cases where it consults the Com-
mission, including cases where the LA arranges for 
the applicant for the grant of a licence to have an 
opportunity of appearing before and being heard by 
the Commission.    

 Sir Derrick Dunlop ’ s tenure of offi ce ended on 31 
December 1971. Successive chairmen have been Lord 
Rosenheim (January 1972 – December 1972), Profes-
sor A. Wilson (1972 – 1973), Sir Ronald Bodley Scott 
(1973 – 1975), Professor W.J.H. Butterfi eld (later Lord 
Butterfi eld, 1976 – 1981), Professor Rosalinde Hurley 
(later Dame Rosalinde Hurley, 1982 – 1993), Professor 
David Lawson (1994 – 2001) and Professor Parveen 
Kumar (2002 – 2005) when the Commission was fused 
with the CSM (see later). 

 In 1977, the Medicines Commission completed its 
task of classifi cation of medicines for their appropri-
ate route of sale or supply. The Medicines Act envis-
aged that the normal route of supply should be 
through a pharmacist unless otherwise designated. 

 New arrangements provided three routes of supply 
of medicines: those that should be available by doc-
tors prescription only (POM); those that were 
deemed suffi ciently safe to be on general sale through 
any retail outlet (GSL); and all other products should 
be available for sale or supply through pharmacies. 

offence under this section shall be liable (1) to a fi ne 
not exceeding  £ 400; (2) on conviction on indictment, 
to a fi ne or to imprisonment for a term not exceeding 
2 years or both. ’  

 The European Economic Community (EEC) 
already had in place the Council Directive 65/65 on 
the approximation of provisions laid down by law, 
regulation or administrative action relating to medic-
inal products. The Medicines Act 1968 was drawn up 
to be largely consistent with Directive 65/65. When 
Directives 75/318 and 75/319 were adopted by the 
Council of Ministers on 20 May 1975, they only sup-
plemented and amended the original Directive 65/65. 
Therefore, when the UK joined the EEC in 1973, the 
provisions of the Directives did not substantially 
affect the UK licensing system as operated under the 
Medicines Act (1968), although minor amendments 
were implemented. 

 The provisions of the Medicines Act regarding the 
licensing of medicinal products and other aspects of 
control came into effect on 1 September 1971  –  the 
duly appointed day. The Act was administered by the 
Licensing Authority which comprised the Health and 
Agriculture Ministers for the UK. 

 The Medicines Act (1968) is an enabling act and 
allows for Orders and Regulations to be made by 
Statutory Instrument, of which 98 were made by 
1977. The fi rst four Statutory Instruments were 
made in 1970 (SI 1970/746.1257, 1304 and 1256), 
establishing the MC, CSM, Veterinary Products 
Committee and the British Pharmacopoeia Com-
mission, all under the provisions of Section 4 of the 
Medicines Act.  

Licensing Authority 
 Under Section 6 of the Medicines Act, the Licensing 
Authority (LA) is the authority responsible for the 
grant, renewal, variation, suspension and revocation 
of licences and certifi cates. In 1971, the LA was con-
stituted of a body of Ministers consisting of the Sec-
retary of State for Social Services, the Secretary of 
State for Scotland, the Secretary of State for Wales, the 
Minister of Health and Social Services for Northern 
Ireland, the Minister of Agriculture, Fisheries and 
Food and the Minister of Agriculture in Northern 
Ireland.  

The Medicines Division of the DHSS
 The administration of the Medicines Act was dele-
gated for human medicines to the Medicines Division 
of the Department of Health and Social Services 
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article (not being an instrument, apparatus or appli-
ance) to which any provision of the Act is 
applicable.  
2.     Promoting the collection and investigation of 
information relating to adverse reactions, for the 
purpose of enabling such advice to be given.    
 A number of subcommittees assisted the CSM, origi-
nally these were the Subcommittee on Toxicity, Clini-
cal Trials and Therapeutic Effi cacy, the Subcommittee 
on Chemistry Pharmacy and Standards, the Subcom-
mittee on Adverse Reactions and the Subcommittee 
on Biologicals. 

 In order to permit a smooth transition from that 
of the CSD to the CSM, the two committees met 
simultaneously from June 1970. The CSD continued 
to appraise products for clinical trials and marketing, 
while the CSM concerned itself with preparation for 
the implementation of the Medicines Act. On the 
 ‘ duly appointed day ’ , 1 September 1971, the CSM 
took over all the responsibilities of the CSD. Appli-
cants for clinical trial or marketing approval to the 
CSD were invited to convert these submissions into 
applications for a Clinical Trial Certifi cate (CTC) or 
Product Licence (PL) as envisaged under the Medi-
cines Act. However, the CSD continued to meet 
several times in late 1971 to deal with residual matters 
arising from its earlier decisions. 

 In 1971, the CSM reviewed the terms of reference 
of the Subcommittee on Adverse Reactions:
1.     to promote and assemble reports about possible 
adverse effects of medicinal products administered to 
humans;  
2.     to assess the meaning of such reports;  
3.     to recommend to the Committee any special or 
extended investigations that it considered desirable;  
4.     to keep under review the methods by which 
adverse reactions are monitored;  
5.     to make recommendations to the Committee 
based on its assessment of any action that it considers 
should be taken; and  
6.     to advise the Committee on communications 
with professions relating to the work of the 
Subcommittee.    

 The LA was empowered by the Medicines Act to 
suspend, revoke or vary licences under Section 
28, and to control clinical trials in patients under 
Section 36. 

 At the outset, in 1971, the CSM recognised the 
need to adhere to the policy stated by the CSD in 
respect of considering effi cacy but took a much 
fi rmer line in 1972, bearing in mind the demands of 
Section 19 of the Act. The CSM stated explicitly that 

 Under Section 59 of the Medicines Act, all new 
medicinal products containing an active substance 
not previously marketed are prescription only for the 
tenure of the product licence of 5 years. A decision is 
made for the reclassifi cation of each substance before 
the 5 years expires. This requires the regular updating 
of the POM or the GSL. The Commission advised the 
LA on the administration of POM medicines by 
ambulance paramedics, and proposals for supple-
mentary prescribing by chiropodists, physiothera-
pists, radiographers, nurses and midwives. 

 Rule 13(1) of the Poisons Rules (1972) allows a 
pharmacist to supply a POM medicine for 3 days ’  
supply without a prescription when, by reason of 
some emergency, a doctor is unable to furnish a pre-
scription to the patient immediately. 

 Section 96 of the Medicines Act provided that after 
the duly appointed day, 1 September 1971, no adver-
tisement relating to medical products may be sent to 
a practitioner unless a data sheet had been sent some 
time in the previous 15 months. All products had to 
have a data sheet prepared. Final regulations on long -
 term arrangements for data sheets were issued in 
1972. 

 The issue of chloroform resurfaced in 1978. In June 
1977 the LA had issued a consultation letter (MLX 
90) containing a proposal to make an order under 
Section 62 of the Act prohibiting the sale, supply and 
importation of any medicinal products containing 
chloroform (with certain exceptions such as its use as 
a preservative in pharmaceuticals). Many organisa-
tions, including the Joint UK Working Party on Chlo-
roform, made representations and the Commission 
considered the safety of chloroform in the context of 
its alleged carcinogenicity in animals and safety in 
humans. It was concluded that chloroform was not 
mutagenic and did not present a carcinogenic risk to 
humans. It was concluded, however, that the upper 
permitted level of chloroform in medicinal products 
should be that of a saturated aqueous solution, which 
is 0.9% volume in volume. The exceptions to the 
prohibition included the use of chloroform as an 
anaesthetic in dental surgery.  

Committee on Safety of Medicines 
 The CSM was initially chaired by Sir Eric Scowen, and 
replaced the previous CSD. The CSM fi rst met on 25 
June 1970. 

 Its functions as laid out by statutory instrument 
were as follows:
1.     Giving advice with respect to safety, quality and 
effi cacy, in relation to human use, of any substance or 
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the Extension Directive brought these products 
within the scope of the review. 

 The number of PLRs that lapsed by virtue of deci-
sions by the manufacturers or were revoked or sus-
pended by the LA between 1971 and 1982 was 22,376; 
by 1988 this number had increased to 27,938. By 
1982, the number of PLRs that were converted into 
full product licences was only 598. At completion of 
the Review in 1990, the number of applications for 
PLRs to be converted to full product licences was 
6272 and of these just under 5300 were converted to 
full licences after consideration  [8] . Of these 6272 
applications, only 706 required referral to the CRM 
for advice. The CRM was deemed to have completed 
its work in 1991 and was disestablished on 31 March 
1992 (SI 1992/606)  [8] . 

 During its existence, the CRM was chaired by 
Sir Eric Scowen (1975 – 1978); Professor Owen Wade 
(1979 – 1984); Sir William Asscher (1985 – 1986) and 
Professor David H. Lawson (1987 – 1992).  

Committee on Dental and 
Surgical Materials 
 In 1974, the health ministers consulted the Medicines 
Commission on a proposal to set up a committee 
under Section 4 of the Medicines Act to advise the LA 
on applications for product licences for dental and 
surgical materials. The Committee on Dental and 
Surgical Materials (CDSM) was established (SI 1975/
1473) in 1975 under the chairmanship of Professor 
R.A. Cawson to advise on dental and ophthalmic 
products and surgical materials. It dealt also with 
the review of PLRs within its area of expertise. Pro-
fessors Dame Rosalinde Hurley (1980 – 1981), C.L. 
Berry (later Sir Colin Berry, 1982 – 1992) and David 
Poswillo (1993 – 1994) were subsequent chairmen of 
the CDSM. The CDSM was disestablished on 31 
December 1994 (SI 1994/15).  

Controls on the  conduct of 
clinical trials in the UK
 The Medicines Act 1968 included the defi nitions of a 
clinical trial and of a medicinal product. Clinical 
studies involving healthy volunteers did not meet the 
defi nition of a clinical trial and as a result did not 
come under the remit of regulatory controls. Such 
studies were subject to self - regulation by the pharma-
ceutical industry. Consequently, only the clinical 
trials in patients had to be covered by a Clinical Trial 
Certifi cate (CTC). The LA did not lay down rigid 
requirements concerning the data that had to be pro-
vided before authorisation could be given for the 

it would require applications for PLs to be supported 
by evidence of effi cacy before it could advise the LA 
that a PL could be granted. 

 Since its establishment in 1971 the CSM has been 
successively chaired by Professors Sir Eric Scowen 
(1970 – 1976); G.M. Wilson (April –  - December 1976); 
Sir Eric Scowen (1977 – 1980); Sir Abraham Goldberg 
(1980 – 1986); Sir William Asscher (1987 – 1992); Sir 
Michael Rawlins (1993 – 1998); Sir Alasdair Brecken-
ridge (1999 – 2003); and G. Duff (April 2003 until the 
amalgamation of the Medicines Commission with 
the CSM in 2005, and subsequently chaired the amal-
gamated body).  

Committee on the Review of Medicines 
 The review of all products granted Product Licences 
of Right (PLR) on the basis that these products were 
on sale on the  ‘ duly appointed day ’  when the Medi-
cines Act was implemented was already considered 
necessary but became a requirement when the UK 
joined the EEC in 1973. The UK had to be compliant 
with the requirements of Directives 65/65 and 75/
318 that all medicinal products granted marketing 
approval before 22 November 1976 should be 
reviewed before 20 May 1990. All Member States of 
the European Community were required to review 
the quality, safety and effi cacy of all such products on 
their national markets. 

 Therefore, under the Medicines Act, the CRM was 
established in 1975 (SI 1975/1066), under the chair-
manship of Sir Eric Scowen and Professor Owen L. 
Wade as vice chairman, to review all PLRs. 

 The CRM fi rst met in October 1975. Initially the 
review was organised into approximately 30 thera-
peutic categories, such as analgesics, non - steroidal 
anti - infl ammatory drugs (NSAIDs) and psychotrop-
ics, the priority being detemined by the fact that 
adverse reactions to these classes were the most fre-
quently reported to the CSM. Therefore, a number of 
subcommittees were established, such as the Subcom-
mittee on Anti - rheumatic Agents, Subcommittee 
on Analgesics, and Subcommittee on Psychotropic 
Agents. This approach proved too slow and was mod-
ifi ed to a review of products of all companies, each 
company in two 5 - year cycles. 

 The CRM had to review the evidence of quality, 
safety and effi cacy of all 39,035 PLRs that had been 
issued. Of these, some 6000 PLRs related to homeo-
pathic products, blood products, vaccines, toxins, 
sera and radiopharmaceuticals that were excluded 
from the review requirements by the terms of EEC 
Directives 65/65,75/318 and 75/319. Subsequently, 
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tion period for its implementation. This Directive is 
now fully implemented in the UK and further infor-
mation on clinical trials can be accessed on the Medi-
cines and Healthcare products Regulatory Agency 
(MHRA) website. Under the provisions of this Direc-
tive, all clinical trials now require a clinical trial 
authorisation (CTA).  

Processing  applications for 
a product  licence
 Applications for a PL were initially scrutinised to 
ensure their legal validity, and to determine whether 
the supporting data were complete. In a survey of two 
samples, the fi rst from March 1978 to September 
1979, the LA received 1360 applications of which 101 
(7.5%) were returned to the applicant as invalid. In 
the second sample, from October 1980 to March 
1981, the LA received 529 applications of which 45 
(8.5%) were judged to be invalid. 

 The LA could either grant a PL on the advice of the 
medical, pharmaceutical and scientifi c staff of the 
Medicines Division, or seek the advice of the appro-
priate Section 4 committee. The LA always sought the 
advice of the CSM in cases where the application 
referred to a new active substance. The LA referred 
about 13 – 20% of applications received to the CSM 
between 1971 and 1980. The LA, under the terms of 
the Medicines Act, were mandated to seek the advice 
of the CSM if they were minded to refuse a PL. If the 
CSM were of the view that an application for a PL 
should be refused on grounds of quality safety or 
effi cacy, the applicant was advised by the CSM of this 
in writing under Section 21(1) of the Act. At this 
point the applicant could either withdraw the appli-
cation, or give their intention to appeal in writing or 
make oral representations before the CSM. Following 
these representations, whether in writing or orally, 
the CSM could advise the LA that their concerns had 
been satisfactorily answered and that a PL could be 
granted or that the CSM continued to have concerns 
and could not advise the LA that a PL could be issued 
in which case the applicant was informed of this in 
writing under Section 21(3) of the Act. Following 
receipt of a letter under Section 21(3), the applicant 
had to indicate that it was no longer wishing to 
pursue the application or should notify the LA that it 
intended to make written or oral representations to 
the Medicines Commission (MC) (Table  17.1 ). The 
Medicines Commission, after considering the repre-
sentations, could recommend to the LA that a PL be 
granted or be refused. There was no further recourse 
open to an applicant following appeal to the MC 

issue of a CTC for a new active substance. However, 
it did issue guidelines to applicants. 

 In view of the regulatory delay that was caused by 
the need to apply for a CTC, a Statutory Instrument 
(SI 1974/498) was made with the object of providing 
an exemption from the need to hold a CTC in certain 
circumstances. This order applied to trials conducted 
by doctors or dentists on their own responsibility 
(DDX).The basis of the clinical trial exemption 
(CTX) scheme, introduced in 1981, to include studies 
initiated by the pharmaceutical industry, was that an 
application to the LA together with a detailed clinical 
trial protocol and summaries of chemical, pharma-
ceutical, pharmacological, pharmacokinetic, toxico-
logical and human volunteer studies, a clinical trial 
could proceed without the need for the additional 
details normally required for a CTC. This exemption 
scheme was based on the requirements that:
    •      a doctor must certify the accuracy of the data;  
   •      the applicant undertook to inform the LA of any 
refusal to permit the trial by an ethical committee; 
and
   •      the applicant also undertook to inform the LA of 
any data or reports concerning the safety of the 
product.    
 The LA had 35 days to respond to the notifi cation to 
proceed with a clinical trial but could in exceptional 
circumstances require a further 28 days to consider 
the notifi cation. If the CTX was refused, the applicant 
could apply for a CTC, in which case complete data 
had to be fi led. If the CTC was refused, the statutory 
appeal procedures laid down in the Act came into 
play if the applicant wished to avail itself of this pro-
vision  [9] . These appeal procedures were identical 
with those applying to a refusal of a marketing appli-
cation. The CTX scheme proved highly successful in 
encouraging inward investment into research in the 
UK. In a sample of 42 companies an increase in 
research investment of 10% or more was attributed 
to the scheme by 23 companies  [10,11] . The intro-
duction of the CTX scheme was criticised by con-
sumer groups and its effect was monitored every 
6 months to ensure that no added risk to patients 
had been introduced. This introduction of the 
CTX scheme is widely cited as an example of the 
benefi ts of deregulation. The Australian drug regula-
tory authorities subsequently introduced a similar 
scheme. 

 With a view to harmonising the conduct of clinical 
trials across the European Union, Directive 2001/20/
EEC was fi nally agreed on 14 December 2000 and was 
formally adopted in May 2001 with a 3 - year transi-
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reactions which from reports, appear to be associated 
with its use ’ . 

 The CSD, as early as 1964, seemed to have antici-
pated prescription event monitoring as well as the 
need to compile large data bases. It thought of a 
scheme that:

  involves taking a sample of prescriptions written by doctors 

for the drugs being investigated. In the United Kingdom the 

assembly of National Health Service prescriptions for pricing 

purposes offers a unique opportunity for this sort of analysis 

that is not available anywhere else in the world the pricing 

bureaux have kindly offered their help.   

 Regarding large data bases, it went on  ‘ prescription 
scripts are not at present fi led in a way which allows 
easy identifi cation of particular drugs but with the 
cooperation of the pricing bureau, the Committee 
are establishing a satisfactory procedure ’ . Because 
new drugs are often fi rst used in hospitals  ‘ it is at this 
stage that serious adverse reactions are likely to be 
noticed ’ . A pilot scheme was set up with a number of 
hospitals for recording prescriptions and the CSD 
devised  ‘ a list of specially monitored drugs ’  which at 
any time will contain  ‘ all the new substances intro-
duced during the previous two years and a number 
of older drugs that still need special observation ’ . This 
clearly was the forerunner of the present inverted 
black triangle scheme that operates to identify drugs 
requiring monitoring for at least 2 years. 

 When a safety issue was suspected, the promotion 
of information on safety issue was within the remit 
of the CSD, this they discharged by issuing a series of 
leafl ets to all doctors and dentists, which became 
known as  ‘ Yellow Perils ’ . The fi rst such report in the 
 ‘ Adverse Reaction Series ’  was issued in February 1964 
and dealt with reports of liver damage and blood 
pressure changes following the use of MAOIs. Other 
such reports identifi ed methyl dopa as a cause of 
haemolytic anaemia (1966) and during 1967 the CSD 
issued a leafl et on the use of aerosols containing sym-
pathomimetic amines in asthma. This was prompted 
by reports of sudden death in younger patients with 
asthma(aged 5 – 34 years) which had risen about 
300% above the 1959 – 1960 level. By September 1968, 
the rate had dropped to 50% above that seen in 1959 –
 1960 despite sales having only dropped by 20%. 

 Among the older drugs withdrawn from the 
market during the life of the CSD were benziodarone, 
a vasodilator launched in 1962 and withdrawn in 
1964 following reports of jaundice; pronethanol, a 
beta - blocker introduced in 1963 and withdrawn in 

under the Medicines Act (judicial review in the courts 
could, in theory, have been sought).   

 In the period 1971 – 1981 the LA received 3665 
applications for a PL of which 204 PLs were granted 
for new chemical entities (NCE).   

Voluntary  adverse  reaction reporting
system: Yellow Card  scheme

 The CSD had started studies of adverse reactions to 
drugs (ADRs) by the beginning of 1964. Sir Derrick 
Dunlop wrote to all doctors (4 May 1964) and den-
tists (15 June 1964) inviting them  ‘ to report to us 
promptly details of any untoward condition in a 
patient which might be the result of drug treatment ’ . 
They were assured that  ‘ all reports or replies that the 
Committee receive from them will be treated with 
complete professional confi dence by the Committee 
and their staff. The Health Ministers have given their 
undertaking that the information supplied will never 
be used for disciplinary purposes or for enquiries 
about prescribing costs ’ . 

 This spontaneous adverse reaction reporting 
scheme was the brainchild of Professor Leslie Witts 
and was, and still is, based on the submission of ADR 
reports by doctors and dentists by means of prepaid 
yellow cards, and hence it is popularly known as the 
 ‘ Yellow Card scheme ’ . 

 In its fi rst year (1964), 1415 Yellow Card reports 
were received, of which 86 (6.1%) referred to a fatal-
ity. Since 2000, the average number of ADR reports 
has been of the order of 20,000 per year with 3.0 – 
4.0 % each year referring to a fatality. Since its incep-
tion about 500,000 Yellow Card reports have been 
made. 

 The CSD realised the need to relate the number of 
reports to the level of use:  ‘ it is possible to determine 
the ratio of adverse reactions only by asking a number 
of doctors who have prescribed a drug about their 
experience of it with special reference to the adverse 

Table 17.1    Withdrawals after notifi cation post - S21 (1), 

post - S21 (3) or post Medicines Commission (MC) appeal 

for a cohort of applications submitted between 1973 and 

1978

   Post - S21 (1)     Post - S21 (3)     Post MC Appeal  

  1973 – 1977    1973 – 1978    1973 – 1979  

  103    33    27  
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There were varying degrees of success, most being 
found where the drug was administered under close 
supervision. Where supervision was less attentive the 
results were less helpful. Monitored release could have 
been valuable provided it was used selectively (e.g. 
Epilim in specialised units). 

 In order to stimulate the rate of reporting, the CSM 
introduced a new version of the Yellow Card that was 
simpler to complete but provided more information. 
In addition, the Subcommittee on Adverse Reactions 
convened a conference at the Royal College of Prac-
tioners in September 1973 and a further conference 
at the Royal College of Physicians in October 1975, 
both with the object of improving dissemination 
about ADRs and stimulating spontaneous ADR re -
porting by physicians. 

 In 1984, the twentieth anniversary of the Yellow 
Card scheme, a review of  ‘ The Demography of the 
UK adverse reaction Register of Spontaneous Reports ’  
was published in the Department of Health publica-
tion  Health Trends   [13] . Between 1972 and 1980 there 
were 122,000 doctors employed in the NHS, and 
19,749 doctors or dentists sent in 53,685 spontaneous 
reports to the CSM. As can be seen in Table  17.2 , 9059 
doctors sent in more than one report. Of all doctors 
eligible to report over this period only 16% did so.   

 Further analysis of serious and fatal adverse reac-
tions reported by various classes of doctor by place of 
work was undertaken. In this analysis by Speirs et al. 
 [12]  it was found that doctors qualifi ed 5 years or less 
were reporting less frequently than the expected rate 
of reporting (Table  17.3 ). Doctors qualifi ed for 6 – 15 
years reported more frequently than expected. Those 
doctors qualifi ed for 15 – 40 years reported at the 
expected level. Older doctors, qualifi ed more than 41 
years, tended not to report ADRs.   

1965 because of animal carcinogenicity; and phe-
noxypropazine introduced in 1961 and withdrawn in 
1966 because of hepatotoxicity. The fi rst major new 
drug to be both approved and withdrawn from the 
UK market was ibufenac, the fi rst of this class of non -
 steroidal anti - infl ammatory drugs (NSAIDs) to be 
marketed was withdrawn because of hepatotoxicity. 
Two other drugs approved and withdrawn during the 
CSD tenure were chlormadinone (1970) because of 
mammary tumours in dogs and fenclozic acid (1970) 
because of raised liver function test results and 
jaundice. 

 During 1969 – 1970, the nephrotoxic hazard of 
phenacetin again became an issue, on this occasion the 
CSD made the following philosophical statement:

  It is the safety of drugs in normal usage that is the Commit-

tee ’ s concern, because all drugs have their hazards when 

abused, particularly by overdosage, the Committee has not 

considered that it should take special action in connection 

with Phenacetin.   

 Phenacetin was removed from the UK market in 1980 
and from the USA market in 1983. 

 The CSM succeeded the CSD on 1 September 1971. 
 The Yellow Card scheme, unfortunately, did not 

reveal the harmful effects of the beta - adrenergic 
blocking agent, practolol, which was given to more 
than 100,000 patients before its tendency to pro -
duce serious ocular side effects was recognised, often 
coupled with a skin reaction resembling psoriasis and 
sometimes by deafness or an unusual and potentially 
lethal form of sclerosing peritonitis. This recognition 
did not result from reporting to the CSM, but from 
three independent publications in medical journals. 
Up to the time of the publication of these reports 
there had been only a single report of conjunctivitis, 
but once recognised more than 200 cases of eye 
damage, some dating back 3 years were reported on 
Yellow Cards to the CSM  [12] . This incident prompted 
the CSM to seek other forms of monitoring new 
drugs for ADRs. 

 Monitored release, as its name suggests, involved 
the release of a drug by the regulatory authority 
under certain restrictions, particularly involving 
obligatory feedback of information gathered from its 
large - scale usage. The concept was one of clinical trial 
extended to large groups of people. In all, about 
16 – 18 products were subjected to monitored release 
with the approval of the CSM; for example, ketamine 
(Ketalar), sodium valproate (Epilim), buprenorphine 
(Temgesic) and dantrolene sodium (Dantroline). 

Table 17.2    Spontaneous reports from 19,749 doctors on 

Yellow Cards (YC) during 1972 – 1980 

   Frequency of use of 
YC by doctors  

   Number of reporting 
doctors  

  X1    10,690  

  X2    3701  

  X3    1833  

  X4    1011  

  X5    694  

  X6 – 10    1174  

  X11 – 20    454  

  X21 – 99    186  

  X100 plus    6  
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 The Advisory Panel on Serious reactions to Vac-
cines examined only 50 case summaries of the 555 
submitted to it selected on the basis of the quality of 
the documentation. The Advisory Panel on the Col-
lection of Data Relating to Adverse Reactions to Per-
tussis Vaccine examined these 50 cases plus a total of 
229 reports from the UK for the period 1970 – 1974. 
The most common neurological events from the 305 
reports reported for 229 children were 115 cases of 
grand mal convulsion (38%), 47 infantile spasms 
(15%) and 25 cases of screaming (8%). This Panel 
eventually reported in 1981. 

 The need for two panels stemmed from the posi-
tion adopted by Professor Alistair Dudgeon, Chair-
man of the Joint Committee on Vaccination and 
Immunisation (JCVI), who refused to believe in ADR 
reports to DTP [14].  The Secretary of State, David 
Ennals (later Lord Ennals), set up a vaccine damage 
compensation scheme. 

 During 1974, the CSM discussed the introduction 
of a special mark to identify newly introduced prod-
ucts. This resulted in January 1976 of the Inverted 
Black Triangle scheme to identify drugs requiring 
intensive monitoring. This involved the product ’ s 
name to be followed by the inverted black triangle 
(� ) as a superscript next to it on all advertisements 
and other product literature. Products requiring this 
symbol were all new active substances, signifi cantly 
new indications, new routes of administration and 
novel combinations of active substances. 

 The controversy and disquiet following the sus-
pension of the product licences for benoxaprofen 
(Opren) in August 1982 (see later) led to a review of 
the effi ciency of the Yellow Card scheme and to the 
establishment of a Working Party under the chair-
manship of Professor David Grahame - Smith. The 
terms of reference of this Working Party were to  ‘ con-
sider how best the Committee on Safety of Medicines 
should fulfi l its statutary functions of promoting the 
collection and investigation of information relating 
to adverse reactions, for the purpose of enabling it to 
give advice on safety quality or effi cacy of medicinal 
products; and to make recommendations. ’  The 
Working Party produced its fi rst report in June 1983 
and made 29 recommendations. The Grahame - Smith 
Working Party reconvened and its second report, 
published in January 1986, made 13 recommenda-
tions. In general, these recommendations were only 
partially implemented  [15].  One of the major points 
in the Grahame - Smith report was its emphasis on 
the large numbers of patients who need to be moni-
tored to detect an ADR and the importance of an 

 The fi rst Adverse Reaction Leafl et, sent out by the 
CSM in May 1973, dealt with two issues: subacute 
myelo - optic neuropathy (SMON) associated with 
clioquinol (some 10,000 cases in Japan but none in 
UK) and vaginal adenocarcinoma in the daughters of 
mothers treated with stilboestrol during pregnancy 
(80 cases in USA but none in the UK). The second, 
dated 3 January 1974, reported 130 cases (66 fatal) of 
halothane - induced jaundice; 94 of these cases were 
associated with repeated exposure to this anaesthetic 
agent. 

 Following reports of permanent brain damage in 
children who had received the diptheria – pertussis –
 tetanus (DPT) vaccine, reports were collected by the 
Association of Parents of Vaccine Damaged Children 
(APVDC). These reports were examined by two com-
mittees set up by the Secretary of State for the 
purpose: the Advisory Panel on Serious reactions to 
Vaccines and the Advisory Panel on the collection of 
Data Relating to Adverse Reactions to Pertussis 
Vaccine. 

 The APVDC data consisted of information of 555 
children born between 1940 and 1975 who were 
thought to have sustained damage from receiving 
pertussis vaccine. These data, collected by parents, 
were somewhat variable in quality and ranged from 
accounts of incidents by parents, doctors and nurses 
which occurred soon after to a long time after immu-
nisation. Further information was provided by Pro-
fessor Gordon Stewart of Glasgow. 

Table 17.3    Percentage of serious and fatal reactions 

reported by various classes of doctor 1972 – 1980 

      Serious non - fatal 
reactions  

  Fatal 
reactions  

        (percentage of 
total reports)  

   (percentage of 
total reports)  

  Single reporting doctors  

  Hospital          

     Junior doctors    24    7.1  

     Consultants    17    11.3  

  General practioners    10    2.4  

  Other reporters    15    4.1  

  Multiple reporting doctors  

  Hospital          

     Junior doctors    18    6.1  

     Consultants    15    7.7  

  General practioners    6    1.3  

  Other reporters    9    6.1  
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ADRs. Thus, for the fi rst time in the UK, the scheme 
was being opened to patients, parents and carers. The 
CSM/MHRA have set up a special Patient Reporting 
Working Group. Direct reporting of adverse drug 
reactions to national regulatory authorities has been 
possible in the USA and Germany since the mid -
 1980s  [16].  

 In compliance with data protection legislation and 
the General Medical Council guidelines on confi den-
tiality, the Yellow Card was updated in September 
2000 to ask for an identifi cation number for the 
patient (e.g. a practice or hospital number). The CSM 
no longer asked for personal patient identifi ers on 
Yellow Cards; all that is now required is the patient ’ s 
initials and age instead of their name and date of 
birth. The inclusion of the identifi cation number 
enables the patient to be identifi able to the reporter 
but not to the CSM, thus allowing the reporter to 
know to whom the report refers for any potential 
future correspondence. 

 Apart from these changes necessary to keep pace 
with the changing times, the system has continued 
unchanged from when it was fi rst set up. The CSM 
had received by 2004, the fortieth anniversary of the 
Yellow Card scheme, well over 450,000 reports. 
Despite relatively low reporting rates (a common 
feature of all spontaneous reporting systems world-
wide), the UK Yellow Card scheme has enjoyed a 
remarkable success and international recognition, 
and has been responsible for uncovering many 
important drug safety hazards. 

 Communication with the profession was at fi rst 
maintained by continuing (until January 1985) the 
Adverse Reaction Series of leafl ets started by CSD, 
and later by a regularly published bulletin on  Current 
Problems . The fi rst issue of  Current Problems  in Sep-
tember 1975 led with the adverse oculocutaneous 
effects and sclerosing peritonitis associated with  β  -
 adrenergic receptor blocking agents and also included 
items on loss of consciousness associated with pra-
zosin and on the risks of anti - infl ammatory agents 
and asthma. 

 Major drugs withdrawn between 1971 and 1982 
for safety reasons included polidexide (introduced 
1974, withdrawn 1975), oral formulation of prac -
tolol (introduced 1970, withdrawn 1976), alclofenac 
(introduced 1972, withdrawn 1979), tienilic acid (in -
troduced 1979, withdrawn 1980), clomacron (intro-
duced 1977, withdrawn 1982) and indoprofen 
(introduced 1982, withdrawn 1982). 

 Practolol illustrated not only the value of a spon-
taneous reporting system, but also the depth to which 

appreciation of the background incidence of that 
event in the population (Table  17.4 ).   

 The Yellow Card scheme, at fi rst restricted to 
receive reports from doctors, dentists and coroners, 
has been gradually expanded to receive reports from 
other sources. From October 1996, the scheme was 
extended to include reporting of suspected adverse 
reactions to unlicensed herbal remedies. In April 
1997, the Yellow Card scheme was further extended 
to include hospital pharmacists as recognised report-
ers of suspected ADRs. In addition, there are specially 
targeted extensions of the scheme such as adverse 
reactions to HIV medicines and adverse reactions in 
children. The scheme has been gradually extended 
further to receive reports from community pharma-
cists and, in October 2002, from nurses, midwives and 
health visitors. 

 On 21 July 2003, the Parliamentary Under Secre-
tary of State for Health (Lords), Lord Warner, 
announced an Independent Review of the Yellow 
Card scheme, under the chairmanship of Dr Jeremy 
Metters. Dr Metters convened a multidisciplinary 
Steering Committee and, on 6 October 2003, under-
took a 3 - month public consultation on the potential 
implications of increasing access to Yellow Card data. 
Similar information can be found on the MHRA 
website ( http://medicines.mhra.gov.uk ). Among the 
24 main recommendations contained in the report of 
the Steering Committee on access to the Yellow Card 
scheme was one to enable and encourage patients to 
directly report suspected ADRs to the MHRA. As a 
result, on 17 January 2005, a pilot scheme was initi-
ated whereby patients too could report suspected 

Table 17.4    Number of patients required to be monitored 

to show a given increase in incidence of an adverse event 

   Incidence (risk) 
of ADR *

   Spontaneous 
background incidence 
of adverse event  

   Minimum 
number of 
patients  

  1 in 100    0    360  

      1 in 1000    730  

      1 in 100    2000  

  1 in 500    0    1800  

      1 in 1000    6700  

      1 in 100    35,900  

  1 in 1000    0    3600  

      1 in 1000    20,300  

      1 in 100    136,400  

*     ADR, adverse drug reaction.   
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(p   < 0.00002) and the number of hepato - renal reac-
tions smaller ( p   < 0.003). For Northern Ireland, Scot-
land and England north of the Trent, the converse 
situation applied  [17].    

 It was therefore tempting to postulate that patients 
in southern areas of the British Isles developed pho-
tosensitivity reactions and stopped taking benoxa-
profen before serious damage to the liver and kidneys 
occurred. Anecdotal reports supported this view 
and several cases of photosensitivity reaction were 
reported where the drug was stopped and then 
restarted in the autumn in patients who then subse-
quently developed liver or kidney damage. The cases 
of hepato - renal syndrome were mostly in patients in 
their seventies and eighties  [17].  

 Experience with benoxaprofen and later with other 
drugs given to elderly patients was ultimately to result 
in a clinical guideline, adopted by the European Com-
munity ’ s CPMP in September 1993, requiring the 
Investigation of Medicinal Products in Geriatrics, 
focusing on pharmacokinetics, pharmacodynamics 
and drug interactions as well as on the infl uence of 
renal or hepatic diseases on drug disposition. This 
also illustrates how guidelines frequently evolve with 
experience. 

 At the time the Yellow Card system celebrated its 
Silver Jubilee in 1989 at the Royal College of Physi-
cians in London, the number of ADR reports in the 
CSM register was well in excess of 210,000. In relation 
to the size of the population, this represented a 
reporting rate in the UK that was among the highest 
in the world. The UK is a major contributor to the 
reports held by the World Health Organization 
(WHO) ADR Monitoring Centre in Uppsala, who 
have over 3 million reports in their database  [18].  In 
1991, the existing computer system was completely 
replaced by inauguration and introduction of 
ADROIT (Adverse Drug Reactions On - line Informa-
tion Tracking), which was developed by the MCA. 
This system makes use of state - of - the - art informa-
tion technology and highly inter - relational databases 
including a medical dictionary designed by the 

the Committee would investigate a signal of a serious 
ADR. Practolol - induced eye damage fi rst came to 
light as a result of a publication by an ophthalmolo-
gist. Prior to this, the Committee had received only 
one report over a period of nearly 3 years. Subsequent 
to the publication, more than 200 cases of eye damage 
were reported retrospectively. In January 1975, a 
warning leafl et in the Adverse Reaction Series was 
issued and the Committee continued to receive addi-
tional reports. Later that year, the manufacturer pro-
posed restrictions in the use of practolol. Ultimately, 
the oral formulation was withdrawn from the market. 

 Benoxaprofen was launched in October 1980 in the 
UK for use as a NSAID, and was removed from the 
market in August 1982. It was known that the product 
was associated with photosensitivity reactions at the 
time the CSM considered the application for market-
ing approval. It was marketed by Eli Lilly under the 
name Opren. It was launched amidst massive public-
ity and its marketing was  ‘ explosive ’ . However, reports 
of serious ADRs and associated fatalities began to 
appear in April and May 1982. Deaths were associated 
with hepato - renal failure (29 cases), liver damage 
alone (13 cases) or renal failure alone (11 cases). Liver 
biopsies showed intrahepatic cholestasis. It was noted 
that the fatal cases had received benoxaprofen for an 
average of 8.5 months and the non - fatal cases for an 
average of 6.9 months. 

 The geographical distribution of reports of hepatic 
and renal adverse reaction showed inequalities in dis-
tribution with over - representation of reports both by 
size of the population and exact drug usage from 
Northern Ireland, Scotland and England north of the 
Trent, with consequent under - representation from 
England south of the Trent and Wales (Table  17.5 ). 
This was the converse of the reports of photosensitiv-
ity reactions which were relatively more common in 
the southern areas of the British Isles. These differ-
ences were statistically signifi cant. For Wales and 
England south of the Trent, the number of photosen-
sitivity reactions was larger than expectation on 
the basis of a proportionate share of prescriptions 

Table 17.5    Geographical distribution of photosensitivity and hepato - renal reactions and prescriptions 

        Prescriptions     Photosensitivity reactions     Hepato - renal reactions  

  Wales and England south of the Trent    829,400 (55%)    967 (60%)    8 (27%)  

  Northern Ireland, Scotland, England north 

of the Trent  

  673,400 (45%)    630 (40%)    22 (73%)  
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   •       Premises and equipment   –  appropriate to intended 
operations.  
   •       Documentation .  
   •       Production   –  according to pre - established operating 
procedures with appropriate in - process controls, 
regularly validated.  
   •       Quality control   –  independent department or exter-
nal laboratory responsible for all aspects of quality 
control. Samples of each batch must be retained for 
1 year, unless not practicable.  
   •       Work contracted out   –  subject to contract, and under 
the same conditions, without further subcontracting.  
   •       Complaints and product recall   –  record keeping and 
arrangements for notifi cation of the competent 
authority.  
   •       Self - inspection   –  by manufacturer of their own pro-
cesses with appropriate record keeping.  
   •      Good manufacturing standards are enforced by the 
Medicines Inspectorate of the MHRA. The UK has 
been involved in the Pharmaceutical Inspection Con-
vention since its inception and, through the  Orange 
Guide , set standards which are now refl ected in the 
EU Directives.      

Wholesale dealers ’ licences

 This activity, established in the UK under the Medi-
cines Act 1968, still remains wholly within the remit 
of the individual national EU regulatory authorities 
but in accordance with Directive 92/25EEC on the 
wholesale distribution of medicinal products for 
human use (Offi cial Journal L113/1 - 4 30 April 1992).  

General  safety measures 

 The Commission and the CSM also made recom-
mendations on the introduction of many other broad 
safety measures. These included the phenacetin pro-
hibition order (SI 1974/1082), presentation of medi-
cines in relation to child safety (SI 1975/2000) and 
declaration of alcohol in medicinal products on their 
package as active ingredient where this is likely to be 
pharmacologically active. Other labelling issues cul-
minated in an order (SI 1976/1726) that set out the 
standard particulars that must be shown on the con-
tainers and packaging of medicinal products. Consul-
tations on other generally applicable warnings on the 
labels of certain medicines to protect children and to 
ensure that more general advice and information is 
provided resulted in SI 1977/996. 

agency staff. All major regulatory authorities now use 
this dictionary, MedDRA, for the purposes of moni-
toring and communicating information on ADRs. 
Data held on the previous system were transferred to 
ADROIT, which allowed assessors to set up complex 
enquiries of the database and respond rapidly to 
emerging safety issues. 

 However, the post - marketing surveillance systems 
in the UK failed to impress the House of Commons 
Health Select Committee who recorded in their 
Report published in March 2005  ‘ PMS in the UK is 
inadequate ’  (see paragraph 312 and the criticisms in 
paragraphs 296 – 305 and the Summary) (see later).  

Manufacturers ’ licences and 
Good Manufacturing Practice 

 Manufacturers ’  licences were issued by the UK LA 
from the inception of the Medicines Act to cover all 
manufacturing operations, including those previously 
covered by the Therapeutic Substances Act. The Medi-
cines Inspectorate laid down standards in its  Guide to 
Good Manufacturing Practice , popularly known as the 
Orange Guide . The  Orange Guide  has been published 
in several editions since it was fi rst published in the 
1970s, the most recent edition appeared in 2008. 
Although the issue of manufacturers ’  licences remains 
a national regulatory function, it is governed by the 
standards set in EC Commission Directive 91/356EEC 
which can be summarised as follows. 

 The Directive lays down the principles and guide-
lines of Good Manufacturing Practice (GMP) to be 
followed in the production of medicines, and require-
ments to ensure that manufacturers and Member 
States adhere to it provisions. Manufacturers must 
ensure that production occurs in accordance with 
GMP and the manufacturing authorisation. Imports 
from non - EU countries must have been produced to 
standards at least equivalent to those in the EU, and 
the importer must ensure this. All manufacturing 
processes should be consistent with information pro-
vided in the marketing approval application, as 
approved by the regulatory authorities. Methods shall 
be updated in the light of scientifi c advances, and 
modifi cations must be submitted for approval. 

Principles and practice of  GMP
     •       Quality management   –  implementation of quality 
insurance systems.  
   •       Personnel   –  appropriately qualifi ed, with specifi ed 
duties, responsibilities and management structures.  
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with the increased demands. Resources were diverted 
from licensing of new drugs towards the review 
driven with EU time limits. This can be illustrated by 
the time taken to process a PL for an NCE. In 1971 
the mean time was 8.4 months, by 1977 this had risen 
to 12.1 months, by 1979 to 16.8 months, by 1981 it 
was 15 months and in 1984 it was 23.0 months. 

 A similar situation affected the processing times for 
abridged applications. In 1982 an investigation by Sir 
Derek Rayner (later Lord Rayner) suggested that 
abridged applications should be dealt with within 2 
months. At this time the Medicines Division received 
some 6000 applications for NCEs, abridged applica-
tions, variations to existing licences and included 
2500 PL applications for parallel importations. This 
meant that if all the professional staff were directed 
to this they would have to process two applications 
per head per day in addition to dealing with CTCs 
and CTXs, adverse reaction reports and the review 
 [15] , an impossible recommendation and clearly 
indicated the extent to which Medicines Division was 
under - resourced. 

 In the period 1985 – 1987, the pharmaceutical 
industry expressed concerns about the manner in 
which the UK Regulatory Authority conducted it 
business. The Secretary of State for Social Services set 
up an inquiry to be conducted by Dr J.B. Evans, a 
previous Deputy Chief Medical Offi cer in the DHSS, 
and Mr P.W. Cunliffe, chairman of the Pharmaceuti-
cal Division of ICI. In its evidence to the inquiry the 
ABPI wrote as follows:

  The pharmaceutical industry would not dispute the need for, 

or the value of an effective national medicines regulatory 

authority. The interests of the medicines consuming public 

and the innovative pharmaceutical industry are best safe-

guarded by the presence of an independent, professionally 

administered control over the process by which new 

medicines enter or are withdrawn from the therapeutic 

armamentarium. 

 However, the manner in which regulatory bodies conduct 

their business and the way in which their internal resources 

are allocated between the various activities they are required 

to perform, is seriously in question. Industry is not satisfi ed 

with delays inherent in present licensing procedures, 

whereby new products enter the market place and the 

licences of existing products are maintained. 

 The number of applications for product licences from 

1981 – 1985 inclusive were 1043, 1282, 1158, 922, and 1365 

respectively, of which the over - whelming majority, about 

98%, were for abridged applications. The diversion of 

resources to the Review Process and parallel importing 

problem has increased the time taken to grant a product 

licence for a major application for an NCE to some 2 years. 

 In the USA, the FDA had fi rst required patient 
information leafl ets in 1970. Following consultations 
with the Pharmaceutical Society, the ABPI, BMA, 
Health Council and other bodies, regulations on leaf-
lets (SI 1977/1055) were introduced to make sure that 
the public had greater information on the medicines 
they were prescribed. 

 Concerns on promotion of drugs were beginning 
to emerge and regulations were introduced under 
Section 95 of the Act to control advertising to prac-
titioners (SI 1975/298 and 1326). The former dealt 
with the advertising of products covered by PLRs 
while the latter dealt with specifying the information 
that must appear in all advertisement, including suc-
cinct statements on contraindications, warnings and 
adverse effects relevant to the indications. In addi-
tion, the generic name and the NHS cost were also 
required to appear. Further regulations (SI 1978/41) 
were also introduced on 1 February 1978 in respect 
of advertising direct to the public. Part of this made 
it an offence to advertise any product for certain 
serious diseases. 

 In 1975, the Medicines Division set up the Adver-
tising Action Group to monitor advertising. The 
group included doctors, pharmacists, lawyers and 
administrators. In 1977, agreement was also reached 
with the ABPI for voluntary control and monitoring 
of advertisements by the industry and the ABPI 
instituted a Code of Practice and a committee to 
supervise its implementation. Although a number of 
small companies had been prosecuted by the LA for 
breaching the regulations on advertising, these cases 
attracted little attention or interest within the indus-
try at large. However, in 1984, monitoring of adver-
tisements reached its climax with the successful 
prosecution of a major pharmaceutical company in 
respect of its advertisement for its drug Surgam 
(tiaprofenic acid)  [19].  The outcome of this prosecu-
tion has greatly infl uenced the behaviour of the 
industry and strengthened the case for the profes-
sional independence and responsibilities of physi-
cians working in the industry.  

Scrutiny of functioning of the 
Medicines Division and the 
establishment of the Medicines 
Control Agency 

 The Review of Medicines produced an increasing 
workload on the Medicines Division, and the increase 
in resources were minimal and not commensurate 



History of drug regulation 337

Medicines Act and all European legislation. As at 
January 2001, the total staff had increased to 530 of 
whom 153 were working in the licensing division and 
152 in the post - licensing division. These 530 included 
49 medical, 53 pharmaceutical and 85 preclinical or 
scientifi c staff. 

 The MCA continued to thrive and have a key role 
in Europe and also in all the regulatory and scientifi c 
activities of the European Committee for Proprietary 
Medicinal Products and all its Working Parties. Dr 
Susan Wood represented the UK at CPMP and until 
her death in 1998 was the fi rst chairperson of its 
Pharmacovigilance Working Party. Dr P.C. Waller 
succeeded her as the UK representative at CPMP 
and also chaired this important working party. Mr 
A.C. Cartwright, from the UK, chaired the Quality 
Working Party. Over the period, the UK has remained 
among the leading regulatory authorities in the Euro-
pean Union in terms of rapporteurship for the appli-
cations going through the Centralised Procedure, 
acting as a Reference Member State for the applica-
tions intended to go through the Mutual Recognition 
Procedure and as a coordinator of scientifi c advice 
from the CPMP. 

 At a European level, the UK has continued to 
contribute extensively to the many subsequent EU 
Directives and Regulations that control drugs in 
the European Union. All these, once adopted, have 
been incorporated into UK national legislation. In the 
UK, for example, Council Directive 92/27/EEC of 
31 March 1992 regulated labelling and leafl ets 
while Council Directive 92/28/EEC of 31 March 1992 
regulated advertising of medicinal products for 
human use.  

Medicines and Healthcare  products 
Regulatory Agency 

 The formal regulation of medical devices in the Euro-
pean Union began in the mid - 1990s. Prior to that, the 
Scientifi c and Technical Branch (STB; established in 
the late 1960s) of the DHSS had been set up to 
improve the quality and safety of medical equipment. 
During the 1980s the STB became part of the NHS 
Procurement Directorate, which was later split into 
the NHS Supplies Authority and the Medical Devices 
Directorate. The Medical Devices Directorate in 
effect became the Medical Devices Agency in 1994. 
On 12 September 2002, the Health Minister, Lord 
Philip Hunt, announced that the MCA and the 
Medical Devices Agency would merge with effect 

This represents a marked increase over the years prior to 

1984. The situation is worse for abridged applications. 

 The UK Licensing Authority were in Breach of Directives 

65/65EEC and 75/319EEC regarding the time limits laid 

down for processing product licence applications. These EC 

Directives specify a period of 120 days to process an applica-

tion, unless it is referred to an advisory committee by the 

licensing authority when a further 90 days is permitted; that 

is a total of 210 days. In a reply in the House of Lords 

(Hansard 20 May 1986) the DHSS admitted that of 565 

applications issued with a product licence in 1985, 46% had 

taken longer than these stipulated time limits to process.   

 The ABPI also noted:  ‘ Over the past 2 years the 
Licensing Authority has received well over 2500 appli-
cations for pharmaceutical product licences (parallel 
importing (PL/PI)). This considerably increased 
workload has been met without additional resources 
and has resulted in a diversion of Licensing Authority 
Resources. ’  

 The ABPI submission was accompanied by 29 rec-
ommendations for management reform of the Medi-
cines Division. In December 1987, the Evans – Cunliffe 
report made a total of 54 recommendations for 
improvement of the management and effi ciency of 
the Medicines Division. In 1988, the DHSS was split 
into two departments: the Department of Health 
(DoH) and the Department of Social Security (DSS). 
Following the Evans – Cunliffe report, the Medicines 
Division of the DoH was reorganised in April 1989 
to become the MCA with Dr Keith Jones appointed 
as the fi rst Director. A Joint Consultative Group to 
review management processes of handling of the 
applications (but no decisions relative to quality, 
safety and effi cacy) was set up between the DoH and 
the pharmaceutical industry. The MCA was expected 
to be self - funding from fees commensurate with the 
services provided. In July 1991, the MCA became an 
Executive Agency of the DoH under the government ’ s 
 ‘ Next Steps ’  initiative. Dr Jones therefore became the 
Chief Executive and was thereafter accountable 
directly to the Secretary of State for Health. 

 In general, the servicing of industry needs had 
undoubtedly improved but at a signifi cantly increased 
cost to the industry in terms of fees. The requirement 
for the MCA (and later the MHRA) to be self - funding 
and compete for fee income would become a matter 
of concern for the House of Commons Health Select 
Committee (see later). 

 The MCA was the competent national authority 
responsible for human medicinal products in the UK 
and continued to discharge the functions of its pred-
ecessor, the Medicines Division, in implementing the 
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seeking wider views on the proposed amalgamation 
of CSM and MC. 

 In summary, from autumn 2005, the new advisory 
structure comprised:
1.     A new Commission on Human Medicines (CHM), 
amalgamating the responsibilities of the present MC 
and the CSM, to advise Ministers directly on matters 
relating to medicines for human use.  
2.     A number of other committees established by 
Ministers, to advise Ministers directly on issues for 
which they are responsible: 

    •      the Advisory Board on the Registration of 
Homeopathic Products (ABRH);  
   •      a new Herbal Medicines Advisory Committee 
(HMAC); and  
   •      the British Pharmacopoeia Commission (BPC).    

3.     A number of expert advisory groups (EAGs) to 
advise the Commission, ABRH, HMAC and BPC on 
certain specifi c and technical matters.  
4.     A panel of experts (including toxicology and sta-
tistics) to provide specialist advice to the above bodies 
and EAGs if required.  
5.     A panel that brings together the lay (patient and 
consumer) representatives on the various bodies and 
EAGs.    

House of Commons Health Select 
Committee Report March 2005 
 This very detailed report should be compulsory 
reading for all pharmaceutical physicians. The Select 
Committee was chaired by Mr David Hinchcliffe (MP 
for Wakefi eld) and had a total of 10 other MPs serving 
on the Committee  [20].  

 The MHRA was the subject of serious criticism in 
this Select Committee Report entitled  The Infl uence 
of the Pharmaceutical Industry . In its 4 - page summary 
the Select Committee state:  ‘ this is the fi rst major 
select Committee Inquiry into the pharmaceutical 
industry for almost one hundred years  –  the last was 
undertaken by the Select Committee on Patent Medi-
cine which reported in August 1914 ’ . 

 In this general summary the following criticisms 
were levelled at the MHRA:

  The regulator, the Medicines and Health Care Products 

Agency (MHRA), has failed to adequately scrutinise 

licensing data and its post - marketing surveillance is 

inadequate. 

 The consequence of lax oversight is that the industry ’ s 

infl uence has expanded and a number of practices have 

developed which act against the public interest. 

from 1 April 2003. The merged agency was to be 
known as the Medicines and Healthcare products 
Regulatory Agency (MHRA). 

 Effective from 1 January 2004, Professor Kent 
Woods, Professor of Therapeutics at the University of 
Leicester, was appointed Chief Executive of the 
MHRA. 

 Having been established under Section 4 of the 
Medicines Act, 1968, the CSM advised on the safety, 
effi cacy and quality of medicines for human use and 
to promote the collection and investigation of infor-
mation relating to ADRs. Applications for national 
marketing authorisations cannot be refused by the LA 
on grounds of safety, effi cacy or quality unless fi rst 
referred to the CSM. Similarly, proposals to revoke or 
suspend a national authorisation on those grounds, 
or to refuse certain applications to vary a marketing 
authorisation, must be referred to the CSM. As a 
matter of practice, all applications for national 
authorisations for medicines containing NCEs were 
also referred to CSM. It is also the  ‘ appropriate com-
mittee ’  that must be consulted on proposals to make 
regulations and orders under Part III of the Medi-
cines Act 1968, which relates to the sale and supply of 
medicines. For example, the CSM was consulted on 
amendments to the POM (Human Use) Order 1997 
when changes were required in relation to matters 
such as nurse prescribing, and on prohibition orders 
under Section 62 of the Act. In addition, the views of 
the CSM were sought by the MHRA on those central-
ised applications to the European Medicines Agency 
(EMEA) where the UK is rapporteur or co - rapporteur, 
and also on applications received under the mutual 
recognition procedure where a marketing authorisa-
tion is sought in the UK. The CSM ’ s views were also 
sought on matters relating to the safety of marketed 
medicines. To fulfi l these roles, the CSM had created 
three subcommittees: the Chemistry, Pharmacy and 
Standards Subcommittee; the Biologicals Subcom-
mittee; and the Subcommittee on Pharmacovigilance, 
all of which report to the main Committee. In addi-
tion, the CSM created working parties to deal with 
specifi c regulatory issues, usually relating to safety, 
and where it considers that it requires advice that 
is not available from within its membership. The 
CSM had 34 members and met twice monthly, 
most members attending one meeting per month. 
Members were appointed for 3 - year terms. In 2004 
the MHRA was planning amalgamation of the func-
tions of the MC and CSM. The MHRA issued a Con-
sultation Letter (MLX No 300) in February 2004 



History of drug regulation 339

Post -marketing  surveillance
 Post - marketing surveillance was singled out for par-
ticularly harsh criticism in paragraphs 296 – 305. In 
paragraph 312 and paragraph 13 of the Summary it 
is stated:  ‘ PMS in the UK is inadequate ’ , giving as 
examples the drug - related adverse events related to 
the selective serotonin reuptake inhibitors and COX - 2 
inhibitors. The Select Committee is damning in its 
reference to  ‘ regulatory inertia ’  in this context.  

Good Clinical Practice  inspection records 
 The Parliamentary Health Select Committee also 
referred to the ICH recommendations preventing the 
MHRA having routine access to Good Clinical Prac-
tice (GCP) reports in paragraphs 279 and 364. The 
Select Committee noted:  ‘ surprisingly, the MHRA 
expressed no concerns about this issue ’ . In paragraph 
364 the Committee stated:  ‘ We are concerned that the 
MHRA is not permitted to routinely inspect audit 
reports for compliance with standards of Good Clini-
cal Practice (GCP). ’   

General  criticism
 The Select Committee in paragraph 376 states: 
 ‘ During this long enquiry we became aware of serious 
weaknesses in the MHRA. Worryingly in both its 
written and oral evidence the Agency seemed oblivi-
ous to the critical views of outsiders and unable to 
accept that it had any obvious shortcomings. ’  

 While the Rayner Inquiry and the Evans – Cunliffe 
report raised issues of both level and allocation of 
resources by management to various tasks as well as 
funding issues, the Health Select Committee raised 
more fundamental issues of competence and dili-
gence, with which the MHRA applied itself to its roles.   

Commission on Human Medicines 
 The CHM was to be a newly appointed body rather 
than an amalgamation of the current bodies. Its 
membership would be subject to a full appointments 
exercise, with a view to appointing the chairman and 
members. On 27 July 2005, Professor Gordon Duff, 
previously the chairman of the last CSM, was 
appointed the fi rst chairman of CHM, for a term of 
4 years effective from 30 October 2005. 

Functions of the new commission
 The new commission took on the functions currently 
performed by the MC and the CSM in relation to 
medicines for human use. In particular the respon-
siblity for the following:

 We are concerned that a rather lax regime is exacerbated 

by the MHRA ’ s need to compete with other European regu-

lators for licence application business.   

 In Para 280 the report states:  ‘ In its own interests 
the Agency (MHRA) need to keep a close eye on its 
market share of regulatory business, increasingly it 
competes with other European drug regulatory agen-
cies to scrutinise drug licence applications. ’  More 
detailed criticism of the MHRA appears in the main 
body of this 126 - page report. 

Staff levels
 The MHRA was stated to employ about 750 staff.  

Fees 
 The annual income of the MHRA is stated in para-
graph 98 to be  £ 65 million.  ‘ The MHRA ’ s activities 
are 60% funded through licensing fees paid by those 
seeking marketing approvals and 40% through an 
annual service fee, also paid by the industry most 
of the income generated from the service fee is allo-
cated to post - marketing surveillance and inspection 
as opposed to premarketing scrutiny of drug licence 
applications. ’  Paragraph 375 states:  ‘ The MHRA, like 
many regulatory organisations, is entirely funded by 
fees from those it regulates    . . .    This situation has led 
to concerns that it might loose sight of the need to 
protect and promote public health above all else as it 
seeks to win fee income from companies. ’   

Scrutiny of data
 Failure to scrutinise raw data in applications and 
undue reliance on expert summaries provided by the 
companies making the applications was a major 
source of criticism and is referred to in paragraphs 
101, 283, 284, 342, 345, 346 and boxed tables 5 (page 
87) and 7 (page 96). In paragraph 284 the Committee 
report,  ‘ The evidence is that the MHRA examined 
(raw) primary data on drug effects only if it suspected 
some misrepresentation in the summary data sup-
plied. It was argued that such trust in regulated com-
panies goes too far: reliance on company summaries 
is neither suffi cient nor appropriate. ’  

 Griffi n  [21]  goes further when he states,  ‘ Regula-
tory approval of an application for marketing approval 
of a new medicine is a paper exercise based on the 
acceptance of the integrity of the data submitted and 
trust in the peer review system and those who operate 
it. ’  If the peer review does not involve the examination 
of raw data the system is merely an act of faith.  
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3.     Recommendations from EAGs to the new Com-
mission would be in the form of either a paper or a 
personal presentation by the EAG chairman who 
would attend as an invited member.  
4.     The majority of EAGs will exist as standing com-
mittees, each with certain members  ‘ on retention ’ . 
Permanent members would include the chairman, 
and one or two permanent experts. MHRA would 
supply the secretariat and MHRA designated asses-
sors may need to attend. Other experts would be 
invited for specifi c topics. Referrals from and between 
the various committees and groups are arranged as 
necessary.  
5.     It will be an important task of the secretariat both 
to manage the logistics of EAG membership and to 
ensure that appropriate issues are referred to EAGs 
for their timely consideration.  
6.     The Commission meets once monthly.  
7.     EAGs meet as required depending on the nature 
of the advice required by the Commission.    

 Initially, there will be EAGs in the following thera-
peutic areas and disciplines:
    •      Pharmacovigilance;  
   •      Biologicals and vaccines (including clinical issues 
for vaccines);  
   •      Pharmacy and Standards (including 
pharmacokinetics).    
 The chairs of the above three EAGs will also be full 
members of the CHM. In addition, there are likely to 
be EAGs for:
    •      Paediatrics;  
   •      Cardiology, diabetes, renal;  
   •      Respiratory and allergy;  
   •      Oncology and haematology;  
   •      Endocrine, obstetrics and gynaecology and bone 
metabolism;  
   •      Gastrointestinal and hepatology;  
   •      Anti - infectives and HIV/AIDS;  
   •      Neurology and pain management;  
   •      Psychiatry and psychiatry in the elderly;  
   •      Rheumatology, immunology;  
   •      Patient information; and  
   •      Dermatology.     

Other expert advice
 For other areas where advice is less frequently 
required there will be panels of experts who may sup-
plement the EAGs or be called upon by the CHM as 
experts for the day. 

 Under the proposed new arrangements, if a mar-
keting authorisation for a product (or a certifi cate of 
registration) was refused by the licensing authority, 

1.     Advising Ministers and the Agency on policy 
matters relating to the regulation of medicinal 
products.  
2.     Advising on the safety, quality or effi cacy of 
medicinal products (e.g. advising the Agency on those 
licensing applications that are currently considered 
by the CSM).  
3.     Promoting the collection and investigation of 
information relating to adverse reactions.  
4.     Advising on the establishment and membership of 
committees established under section 4 of the Medi-
cines Act 1968. For example, the BPC and VPC would 
be retained.     

Subcommittees and expert advisory groups 
 To facilitate the fullest participation in the new EU 
regulatory environment it is proposed that, in addi-
tion to the new commission, provision would be 
made for the establishment of Expert Advisory 
Groups (EAG) in defi ned therapeutic areas. CHM or 
relevant Section 4 Committees will make the appoint-
ments to the EAGs, expert panels and list of experts. 
These EAGs advise them on scientifi c issues which 
apply across therapeutic areas, or which relate to rela-
tively self - contained substance types. The EAGs set 
up to advise and make recommendations to the new 
CHM on specifi c issues, and they would not them-
selves have decision - making powers. 

 There is likely to be a continuing need for some 
subcommittees of the new commission, such as those 
which had previously served the CSM. Although their 
remit would not change under the new arrangements, 
it is proposed that these too should become known 
in the future as EAGs.   

How the Commission and expert advisory
groups  operate 
 The CHM and the EAGs operate under the following 
arrangements:
1.     The CHM would comprises approximately 10 – 12 
core members, appointed by Ministers. Rather than 
restricting membership within the areas currently 
specifi ed in the Medicines Act for the MC, the CHM 
would need members with high level scientifi c exper-
tise and an ability in critical appraisal, a capacity to 
contribute beyond individual speciality and, where 
possible, experience in the NHS clinical practice and 
the regulatory fi eld.  
2.     A number of EAGs have been created by the new 
Commission, with members selected and appointed 
by them and comprising national experts.  
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later the UK representative during 1977 – 1984, was 
appointed chairman of the CPMP Working Party on 
Safety. Dr N.M.G. Dukes from the Dutch regulatory 
authority was appointed chairman of the Effi cacy 
Working Party at the same time. Dr Dukes was later 
succeeded by Professor J.M. Alexandre (from the 
French regulatory authority) who then proceeded to 
become the chairman of the CPMP (1995 – 2000). 

 The proposed review of PLR in the UK, already 
considered necessary, was to correspond to the 
requirements under European Directives. These 
Directives required that throughout the Community 
proprietary medicinal products granted licences 
before 22 November 1976 should be reviewed by 20 
May 1990. Indeed, the UK was among the fi rst to 
complete this review on time. This review eliminated 
from the market all medicinal products that were 
released for clinical use previously without scrutiny 
and that were ineffective, unsafe or that had an unac-
ceptable risk   :   benefi t ratio. 

 Much later, Directive 83/570 required the ap -
plicants to produce a draft Summary of Product 
Characteristics (SPC) as an integral part of the docu-
mentation. In September 1995, an order was made (SI 
1995/2321) to the effect that, in the UK, data sheets 
were no longer required where a product had an 
approved SPC and also that data sheets no longer had 
to be sent to all doctors and dentists prior to 
advertising. 

 In the UK, healthy volunteer studies were subject 
to self - regulation by the pharmaceutical industry and 
consequently only the clinical trials in patients had to 
be covered by a CTC. However, clinical trials in the 
UK are now regulated under EU Clinical Trials Direc-
tive (2001/20/EEC) fully implemented in the UK. 

 The EU Clinical Trials Directive contains specifi c 
provisions regarding the conduct of clinical trials, 
including multicentre trials, on human subjects. It 
defi nes  ‘ clinical trial ’  as any investigation in human 
subjects intended to discover or verify the clinical, 
pharmacological and/or other pharmacodynamic 
effects of one or more investigational medicinal 
product(s), and/or to identify any adverse reactions 
to one or more investigational medicinal product(s) 
and/or to study absorption, distribution, metabolism 
and excretion of one or more investigational medici-
nal product(s) with the object of ascertaining its 
(their) safety and/or effi cacy and defi nes  ‘ subject ’  as 
an individual who participates in a clinical trial as 
either a recipient of the investigational medicinal 
product or a control. Thus, healthy volunteer studies 
are included. 

after a hearing before the CHM, the applicant would 
still be able to appeal to a  ‘ person appointed ’  as pro-
vided for in the legislation. In particular, there would 
be scope for involving EAGs in clarifi cation meetings 
to maximise predictability of outcome for companies 
and to resolve issues without the necessity of involv-
ing formal statutory appeals procedures. 

 In view of the increasing profi le and use of herbal 
medicines, the European Union has established a 
Committee for Herbal Medicinal Products. The 
MHRA consulted and has also established a Herbal 
Medicines Advisory Committee (HMAC). This Com-
mittee would advise Ministers directly on areas for 
which the Committee is responsible. The remit of 
HMAC would be the registration scheme to be intro-
duced under the Directive 2004/24/EC on Traditional 
Herbal Medicinal Products and unlicensed herbal 
medicines. However, CHM will be responsible for 
advice in relation to marketing authorisations for 
herbal medicines. Professor Philip Routledge was 
appointed the fi rst chairman of HMAC, for a term of 
4 years effective from 30 October 2005.   

European  dimensions

 The UK joined the European Community in January 
1973 but the data requirements for granting market-
ing authorisations have, since the implementation of 
the Medicines Act 1968, been in accordance with 
European Community Directive 65/65/EEC and the 
subsequent Directive 75/318 as amended, which elab-
orated on the requirements for preclinical testing, 
pharmaceutical quality and manufacture. It was vital 
that during 1973, following the entry of UK into the 
Community, the CSM also had the opportunity to 
consider and comment extensively on the two draft 
Directives (later to become 75/318/EEC and 75/319/
EEC). Directive 75/318/EEC introduced the common 
dossier that harmonised the standards and require-
ments across the European Union while Directive 
75/319/EEC established the CPMP, introduced the 
Mutual Recognition Procedure and brought in the 
requirements for expert reports. 

 The European Union ’ s advisory committee, the 
CPMP, was set up in 1975 under Directive 75/319. 
The fi rst meeting was held on 26 November 1976 and 
Mr Leon Robert from Luxembourg was appointed its 
fi rst chairman. The Professional Head of the then UK 
Medicines Division, Dr E.L. Harris, who was also the 
UK Representative to CPMP, was elected a deputy 
chairman. Dr J.P. Griffi n, initially his alternate but 
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6.     Council Directive 89/381/EEC of 14 June 1989 
on products derived from human blood or human 
plasma.  
7.     Council Directive 92/25/EEC of 31 March 1992 
on wholesale distribution.  
8.     Council Directive 92/26/EEC of 31 March 1992 
on classifi cation for supply.  
9.     Council Directive 92/27/EEC of 31 March 1992 
on labelling and package leafl ets.  

10.     Council Directive 92/28/EEC of 31 March 1992 
on advertising.  
11.     Council Directive 92/73/EEC of 22 September 
1992 on homeopathic medicinal products.    

 Directive 2001/83/EC was subsequently amended 
by:
1.     Directive 2002/98/EC of 27 January 2003, setting 
standards of quality and safety for the collection, 
testing, processing, storage and distribution of human 
blood and blood components;  
2.     Commission Directive 2003/63/EC of 25 June 
2003, replacing Annex 1 of Directive 2001/83/EC 
(detailing scientifi c and technical requirements) with 
a new Annex (detailing scientifi c and technical 
requirements in CTD terms); and  
3.     Directive 2004/24/EC of 31 March 2004 as regards 
traditional herbal medicinal products.    

 Regarding all activities for the regulation of phar-
maceuticals at the European Union level, Article 71 
of Regulation EEC/2309/93 required that,  ‘ Within 6 
years of the entry into force of this Regulation, the 
Commission shall publish a general report on the 
experience of the procedures laid down in this Regu-
lation, in Chapter III of Directive 75/319/EEC and in 
Chapter IV of Directive 81/851/EEC. ’  The tender for 
review was awarded to a consortium of Cameron 
McKenna and Arthur Anderson. The full report from 
Cameron McKenna, entitled  ‘ Evaluation of the Oper-
ation of Community Procedures for the Authorisa-
tion of Medicinal Products ’ , is a comprehensive and 
highly constructive document. 

 Following extensive discussions among all inter-
ested parties, such as the national authorities, the 
EC and the European Federation of Pharmaceutical 
Industries and Associations, the EC proposed com-
prehensive reform of the EU pharmaceutical legisla-
tion. The amending legislations are as follow:
1.     Directive 2004/27/EC of the European Parlia -
ment and of the Council of 31 March 2004, amend-
ing Directive 2001/83/EC, on the Community 
code relating to medicinal products for human use; 
and

 Further stringent requirements have evolved over 
time in respect of investigations to be carried out 
during the clinical development of drugs, the 
data required before they are approved for market -
ing, and subsequently the requirements for safety 
monitoring during the post - marketing period 
(pharmacovigilance). 

 The raft of rules, regulations, guidelines and pro-
cedures (both the European Union and ICH) govern-
ing the human medicinal products in the European 
Union can be found in the following fi ve of nine 
volumes published by the European Commission:
    •      Volume 1  –  Pharmaceutical Legislation.  
   •      Volume 2  –  Notice to Applicants: 

   2A: Procedures for Marketing Authorisation;  
  2B: Presentation and Content of the Dossier;  
  2C: Regulatory Guidelines.    

   •      Volume 3  –  Guidelines: 
   3A: Quality and Biotechnology;  
  3B: Safety, Environment, and Information;  
  3C: Effi cacy.    

   •      Volume 4  –  Good Manufacturing Practice.  
   •      Volumes 5 – 8 relate to veterinary medicinal 
products.  
   •      Volume 9  –  Pharmacovigilance.    

 Many of the Directives originally adopted have 
been frequently amended over the period. In the 
interests of clarity and rationality, a whole range of 
the latest versions of these Directives was codifi ed by 
assembling them in a single text, Directive 2001/83/
EC of 6 November 2001. Therefore, the reader should 
also cross - refer to this Directive, which codifi es the 
following:

1.     Council Directive 65/65/EEC of 26 January 1965, 
on the approximation of provisions laid down by 
law, regulation or administrative action relating to 
medicinal products.  
2.     Council Directive 75/318/EEC of 20 May 1975, 
on the approximation of the laws of Member States 
relating to analytical, pharmacotoxicological and 
clinical standards and protocols in respect of the 
testing of proprietary medicinal products.  
3.     Council Directive 75/319/EEC of 20 May 1975 on 
the approximation of provisions laid down by law, 
regulation or administrative action relating to pro-
prietary medicinal products.  
4.     Council Directive 89/342/EEC of 3 May 1989 on 
immunologicals (vaccines, toxins or serums and 
allergens).  
5.     Council Directive 89/343/EEC of 3 May 1989 on 
radiopharmaceuticals.  
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ucts for Veterinary Use (CVMP), the Committee on 
Orphan Medicinal Products (COMP) and the Com-
mittee on Herbal Medicinal Products (CHMP). Thus, 
the former European Medicines Evaluation Agency 
(EMEA) became the European Medicines Agency. 
However, for technical reasons, it had to retain the 
acronym EMEA (the acronym EMA belongs to Euro-
pean Medical Association).  

International dimensions

 In June 1984, the Commission decided that a meeting 
with the Japanese authorities, attended by Mr F. Sauer 
and the chairman and vice - chairman of the Safety 
Working Party, Dr J.P. Griffi n and Professor R. Bass, 
respectively, and the chairman of the Effi cacy Working 
Party, Professor J.M. Alexandre, should take place in 
Tokyo. The efforts following this initial meeting were 
ultimately to culminate in the ICH. 

 The main players at ICH are now the European 
Commission/EMEA, European Federation of Phar-
maceutical Industries and Associations (EFPIA), 
Japanese Ministry of Health Labour and Welfare 
(MHLW), Japanese Pharmaceutical Manufacturers 
Association (JPMA), US FDA and Pharmaceutical 
Research and Manufacturers of America (PhRMA). 
The WHO, Canadian Health Protection Branch and 
the EFTA countries enjoy an observer status at ICH 
meetings. 

 The ICH Steering Committee establishes expert 
working groups to discuss areas where harmonisation 
is possible and to produce universally acceptable 
guidelines. Thus, under the auspices of the ICH, a 
large number of guidelines have been issued in the 
areas of quality, safety and effi cacy, with the objective 
of achieving harmonisation of requirements for reg-
istration between regulatory authorities and thereby 
reducing the need to duplicate studies. It must be 
made clear that these documents are guidelines and 
not requirements. 

 These guidelines may not be at the cutting edge of 
science but they represent acceptable compromises 
based on sound science. As of January 2004, there 
were at least 13 safety, 17 effi cacy (clinical safety is 
included in these), 19 quality and 8 multidisciplinary 
guidelines accepted since the fi rst meeting of ICH in 
Brussels in November 1991. Once adopted by the 
CPMP and published, the guidelines resulting from 
the ICH process are locally implemented and applied 
as EU Community guidelines. 

2.     Regulation (EC) No 726/2004 of the European 
Parliament and of the Council of 31 March 2004, 
laying down Community procedures for the authori-
sation and supervision of medicinal products for 
human and veterinary use and establishing a Euro-
pean Medicines Agency  –  thus replaced Regulation 
EEC/2309/93.    
 The adoption this reformed legislation just preceded 
the enlargement of the European Union on 1 May 
2004 when the EU membership was increased from 
15 to 25 Member States by the accession of 10 new 
Member States: Cyprus, Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Malta, Poland, Slovak 
Republic and Slovenia. Directive 2004/27/EC came 
into force in all Member States on 30 October 2005, 
although Member States were able to implement 
early any of the provisions should they wish. Regula-
tion 726/2004 had a transposition date of 20 Novem-
ber 2005, from which date its provisions will apply in 
all Member States. 

 Article 5 of Regulation (EC) No 726/2004 created 
a Committee for Medicinal Products for Human Use 
(CHMP) which shall be responsible for drawing up 
the opinion of the Agency on any matter concerning 
the admissibility of the fi les submitted in accordance 
with the centralised procedure, the granting, varia-
tion, suspension or revocation of an authorisation to 
place a medicinal product for human use on the 
market and pharmacovigilance. The CPMP there -
fore became the CHMP and consists of one member 
(with an alternate) appointed by each of the EU 
Member States, after consultation with the manage-
ment board, for a term of 3 years, which may be 
renewed, and a chairperson. The Committee also 
includes one member appointed by each of the Euro-
pean Economic Area – European Free Trade Area 
(EEA - EFTA) States, for a term of 3 years, which may 
be renewed. 

 The Committee, in order to complement its exper-
tise, has appointed fi ve co - opted members chosen on 
the basis of their specifi c scientifi c competence, from 
among the experts nominated by Members States or 
the Agency. Co - opted members are appointed for the 
term of the committee, which may be renewed, and 
do not have alternates. The chairman of CPMP, Dr 
Daniel Brasseur was elected chairman of the CHMP 
during its inaugural meeting on 1 – 3 June 2004. 

 Article 55 of Regulation (EC) No 726/2004 created 
the European Medicines Agency, comprising of a 
Management Board, an Executive Director, a Secre-
tariat, the CHMP, the Committee for Medicinal Prod-
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 In order to expedite and optimise drug develop-
ment, clinical trials are now conducted in different 
parts of the world. Recognising that drug devel-
opment is a global process and in order that the 
data from one ethnic group can be confi dently 
extrapolated to another, an ICH guideline (CPMP/
ICH/289/95) has been agreed taking into account the 
genetic and non - genetic infl uences on drug responses. 
Application of this and all other regional, national 
and international guidelines relevant to quality, toxic-
ity testing and demonstrating effi cacy in clinical trials 
has ensured that public safety is not compromised 
while still ensuring that safe and effective medicines 
are made available to the UK public without the need 
for repeating lengthy clinical trials.  

Conclusions

 This chapter provides a brief but, it is to be hoped, 
interesting account of the events that have been 
responsible for the evolution of the present drug con-
trols in the UK. Importantly, it highlights how the 
broad pattern of drug regulation was already set 
during the early period which led to the implementa-
tion of the Medicines Act in 1971 and how this 
pattern was consolidated during the four decades 
thereafter. 

 Contrary to what is generally believed, the need for 
an effective control was always recognised, and indeed 
demanded, and there was a sort of control. However, 
it was patchy, very limited in its scope, erratic in its 
implementation and of little relevance to the drugs 
that were beginning, and were likely in the future, to 
appear in the market as a result of progress in phar-
macology and medicinal chemistry. 

 Thalidomide generated an outcry and a demand 
that could no longer be ignored, and spurred the 
government into not only consolidating all previous 
legislation and extending its scope, but also creating 
a formal regulatory structure by which to ensure that 
the legislation was adequately and fully implemented. 

 The Medicines Act, together with the associated EU 
legislation and EU and ICH guidelines, should ensure 
that the safety of drugs made to the highest quality, 
the acceptability of their risk   :   benefi t ratio and the 
promotion of correct information to the prescribers 
and consumers are the dominant features of the con-
trols that operate today. In the  Daily Telegraph Maga-
zine  in April 2008 in an article entitled  ‘ The pills that 
kill ’  in an interview with Mick Deats of the MHRA 
intelligence and enforcement unit, a former police 

 Regarding pharmacovigilance, the cornerstone of 
post - marketing safety of drugs, there are a number of 
ICH/CPMP guidelines and a joint Pharmacovigilance 
Plan (CPMP/PhVWP/2058/99 Revision 1) for the 
implementation of the ICH guidelines E2B, M1 and 
M2. Two major advances were the acceptance of 
MedDRA (ICH topic M1) as a common medical dic-
tionary for regulatory work and the acceptance of 
Periodic Safety Update Reports for marketed drugs 
(PSUR) (ICH topic E2C). The ICH pharmacovigi-
lance guidelines adopted by the CPMP include ICH/
135/95 [Good Clinical Practice, (E6)], ICH/285/95 
[Guidance on Recommendations on Electronic 
Transmission of Individual Case Safety Reports 
Message Specifi cation (M2)], ICH/287/95 [Guidance 
on Clinical Safety Data Management: Data Elements 
for Transmission of Individual Case Safety Reports 
(E2B)], ICH/288/95 [Guidance on Clinical Safety 
Data Management: Periodic Safety Update Reports 
for Marketed Drugs (E2C)], and ICH/377/95 [Clini-
cal Safety Data Management: Defi nitions and Stand-
ards for Expedited Reporting (E2A)]. 

 If harmonisation can be achieved across a broad 
range of areas in quality, safety and effi cacy, there 
seems no logical reason why a Common Technical 
Document (CTD) or dossier could not be prepared 
that would be acceptable to all drug regulatory 
authorities. At the ICH meeting in November 2000 in 
San Diego (USA), an agreement was reached on a 
CTD that represented a common format for the sub-
mission of dossiers to the USA, the European Union 
and Japan. Effective from July 2003, the format of the 
EU dossier must conform to the CTD format. CTD 
is common to all the three major regions of drug 
regulation (European Union, USA and Japan) and 
most of the other major non - ICH authorities have 
also agreed to accept the dossier in this format. Infor-
mation on the CTD  ‘ Presentation and format of the 
dossier CTD ’  can be accessed from the EC website. 
This document also shows the correspondence of the 
previous format with the CTD format. It is important 
to appreciate that the introduction of CTD has not 
resulted in a change in the qualitative or quantitative 
nature of data required  –  only the format in which 
these data are presented has changed. Even applica-
tions for line extensions must be submitted using the 
new EU CTD format. However, references can be 
made to already assessed and authorised  ‘ old ’  parts of 
the dossier, but only if no new additional data are 
submitted in these parts. In such cases, it is not neces-
sary to reformat already assessed and authorised  ‘ old ’  
documentation. 
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Detective Chief Superintendent, counterfeit medi-
cines reaching the patient was identifi ed as a major 
issue facing the MHRA. It was stated that in  ‘ Britain 
between August 2004 and the end of 2007 there were 
nine recalls of counterfeit medicines where there was 
clear evidence that fakes reached pharmacies and 
patients ’ . The problem of counterfeit medicines is an 
international issue and a growing one for regulatory 
authorities, legitimate manufacturers and patients. 
The WHO began collecting data on counterfeit drugs 
in the early 1980s; until 10 years ago they regarded 
this as a problem in developing countries. The situa-
tion has changed:  ‘ by 2001 counterfeit versions of 
major prescription medicines have appeared all over 
Europe ’ .  

Update

 The EU Commission has decided to act on the 
problem of counterfeit medicines. The Directive 
2011/62/EU will enter into force on the 2 January 
2013, and should be incorporated into national leg-
islation by 2014 and will be applied by Member States 
of the EU 3 years after the date of publication of its 
incorporation into national legislation under Dele-
gated Acts. It will therefore become operational in 
2017. 

 A falsifi ed medicine is one defi ned by the Directive 
as deviating from the genuine product by:
1.     in identity, including packaging and labelling, its 
name or its composition or as regards any of its ingre-
dients including excipients and the strength of these 
ingredients; or:  
2.     its source, including manufacture, its country of 
manufacture, its country of origin or its marketing 
authorisation holder; or:  
3.     its history, including records and documents relat-
ing to its distribution channels used.     
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Introduction 

 The conduct of clinical trials of medicines is regu-
lated, in the European Union (EU), by the Clinical 
Trials Directive (Directive 2001/20/EC)  [1] . The Di -
rective governs the conduct of interventional clinical 
trials of medicinal products in human subjects. 

 The purpose of the Clinical Trials Directive is to 
protect the rights, safety and welfare of subjects par-
ticipating in clinical trials, to assure the quality of 
data produced by those trials and to simplify and to 
harmonise the administrative provisions governing 
their approval and oversight by national competent 
authorities (NCA) and Ethics Committees. 

 The rules apply from fi rst - in - human trials or 
bioequivalence trials through to post - marketing 
phase IV trials. The trials covered may be part of the 
clinical development programme for a novel medi-
cine with the intention of applying for a marketing 
authorisation or they may be trials conducted by the 
academic community to evaluate the safety or effi -
cacy of medicines in practice, optimise their use or 
compare different therapeutic regimens, with a view 
to publication and/or development or revision of 
therapeutic guidelines. 

 Within the EU, clinical trials are authorised at 
national level, so for the same trial an application must 
be made to the NCA and Ethics Committee in each 
Member State in which the sponsor seeks to carry out 
the trial [reference to the EU in this context includes 
the 27 EU Member States and three additional Euro-
pean Economic Area (EEA) Member States]. 

 The Clinical Trials Directive applies to clinical 
trials with at least one investigator site in the EU (i.e. 

where trial subjects are recruited and treated in the 
trial in the EU). In addition, there are requirements 
applying to clinical trials included in Marketing 
Authorisation Application (MAA) dossiers submitted 
to EU regulatory authorities  [2] . Both the clinical 
trial legislation and the legislation on MAAs make 
reference to the Declaration of Helsinki  [3] , and to 
guidance published by the European Medicines 
Agency ’ s (EMA) Committee on Medicinal Products 
for Human use (CHMP), which includes the Interna-
tional Conference on Harmonisation (ICH) E6 Note 
for guidance on Good Clinical Practice (GCP)  [4] . 
Common principles are therefore applied both within 
the EU and internationally, for the conduct of clinical 
trials and the protection of the trial subjects.  

History of the Clinical Trials Directive 

 The Clinical Trials Directive (Directive 2001/20/EC) 
was adopted in 2001 and the EU Member States were 
given until 1 May 2004 to transpose the Directive into 
their national legislations. The Directive marked a 
very signifi cant step in the evolution of the European 
pharmaceutical legislation. The founding Directive 
65/65/EC (see Chapter  20 ) of that legislation applied 
only to medicinal products intended to be placed on 
the market and did not address the conduct of clinical 
trials; later Directives (issued prior to the Clinical 
Trials Directive) excluded medicines for research pur-
poses from their scope. Member States were free to 
implement their own measures for the supervision of 
clinical trials. Up until 2001 the EU legislation was 
only aimed at establishing the standards applying to 
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 In practice, it took several more years after 2004 for 
the Directive to be fully implemented in all Member 
States, and its implementation was followed by the 
introduction of a second implementing Commission 
Directive, often referred to as the GCP Directive 
(Directive 2005/28/EC)  [6] . In addition, in 2003 and 
2004 a range of guidance was introduced to spell out 
details on application forms and processes, databases, 
adverse event reporting, inspection and other meas-
ures needed to provide guidance and consistency in 
the practical implementation of the Directive. These 
Directives and guidelines can be found in Volume 
10 of  The Rules Governing Medicinal Products in 
the European Union  (EudraLex) which is published 
on the website of the European Commission, DG 
SANCO ’ s Pharmaceutical Unit ( http://ec.europa.eu/
health/documents/eudralex/index_en.htm ) [7] .  

Scope and content of the clinical
trials and GCP Directives 

 The Clinical Trials Directive 2001/20/EC is a Council 
and European Parliament Directive while the GCP 
Directive 2005/28/EC is a European Commission 
Directive implementing some of the requirements of 
Directive 2001/20/EC. Together, in conjunction with 
the guidance published in EudraLex Volume 10, they 
represent the harmonised EU legislation on the 
conduct of clinical trials. The scope and content of 
each are set out in the following sections. 

Clinical Trials Directive 
 The full title of the Clinical Trials Directive is  ‘ Direc-
tive 2001/20/EC of the European Parliament and of 
the Council of 4 April 2001 on the approximation of 
the laws, regulations and administrative provisions 
of the Member States relating to the implementation 
of good clinical practice in the conduct of clinical 
trials on medicinal products for human use ’ . 

 The Directive establishes standards for the protec-
tion of clinical trial subjects and the reliability of data 
generated by those trials. It states:

  Good Clinical Practice is a set of internationally rec-
ognised ethical and scientifi c quality requirements 
which must be observed for designing, conducting, 
recording and reporting clinical trials that involve the 
participation of human subjects. Compliance with 
this good practice provides assurance that the rights, 
safety and well - being of trial subjects are protected, 
and that the results of the clinical trials are credible   

the content of the dossier submitted in a MAA, to the 
processes applying to that authorisation and to the 
supervision of medicines once they had been placed 
on the market in the EU, and their entry into and 
circulation within the EU market. The requirements 
applying to the conduct of clinical trials to be included 
in MAAs had gradually evolved, in particular with the 
publication of the European GCP in 1990, the intro-
duction of legal requirements for the conduct of trials 
included in MAAs, through Directive 91/507/EEC in 
1991  [5]  (which introduced the requirement for com-
pliance with GCP and with the Declaration of Hel-
sinki). The ICH E6 Note for Guidance on GCP was 
adopted in 1996, substantially based on, and replac-
ing the European GCP guidance. 

 As national and international standards governing 
the conduct of clinical trials evolved, Member States 
introduced a diverse range of measures, application 
processes and requirements governing the conduct of 
clinical trials in their territories. In some Member 
States these requirements were very sophisticated 
and provided the basis for the evolving European 
GCP and clinical trial legislation. While these meas-
ures had common themes, including requirements 
for Ethics Committee review, NCA authorisation, 
informed consent and various elements of GCP, the 
requirements were inconsistent, incomplete, had very 
signifi cant variation in administrative requirements 
and timelines between and often within Member 
States, and in many cases their legal force was incom-
plete. This diversity meant that the conduct of multi-
state trials (or even multicentre trials at a national 
level) involved prolonged and poorly defi ned applica-
tion processes, and inconsistent levels of protection 
for trial subjects. 

 In 1991, the European Commission circulated a 
discussion paper setting initial thoughts on proposals 
for EU legislation to govern the conduct of clinical 
trials within the EU. Gradually over the following 
decade the Clinical Trials Directive evolved, the nego-
tiations proved diffi cult and the scope of the fi nal 
Directive was not as wide as initially intended. 

 The date for fi nal introduction of the Directive in 
Member State legislation, 1 May 2004, coincided with 
the accession of 10 new Member States, bringing the 
membership from 15 to 25 Member States. In addi-
tion, the Directive applies in the three EEA countries. 
In 2007, the EU membership increased further to 
27. This means that the Clinical Trials Directive sets 
the legal framework in a common research area cov-
ering 30 countries and approximately 500 million 
citizens. 
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 The Directive sets out defi nitions (including those 
cited above), establishes important ethical principles 
for the protection of clinical trial subjects and sup-
plements these with specifi c provisions on clinical 
trials on minors and clinical trials on incapacitated 
adults not able to give informed legal consent. The 
operation of Ethics Committees, the topics they 
should review, and the requirement for a single Ethics 
Committee opinion per Member State per trial are 
described. 

 The Directive establishes the requirements for the 
commencement of a clinical trial and its ongoing 
conduct. Before submitting an application to the 
NCA and to the Ethics Committee the sponsor 
should obtain a unique EudraCT number from the 
EudraCT database. The authorisation for a clinical 
trial by the NCA is valid only for the trial conducted 
in that Member State. Both the authorisation by the 
NCA and the positive opinion of the Ethics Commit-
tee in that Member State are required before the trial 
may commence in that Member State. Where more 
than one Member State is involved the application 
process to both NCA and Ethics Committee must be 
repeated in each Member State in which the sponsor 
wishes to conduct the trial. The clinical trial authori-
sation is valid for the Member State in question and 
is independent of the timing or outcome of the 
authorisation process and Ethics Committee opinion 
in other Member States. 

 According to Article 9(2) of the Clinical Trials 
Directive, the applicant must submit a valid request 
for authorisation to the NCA. Details of this process 
are set out in guidance published by the Commission 
in Chapter I of Volume 10 of EudraLex. The applica-
tion should include:
1.     Covering letter;  
2.     Allocation of the EudraCT number;  
3.     Clinical Trial Application form;  
4.     Protocol;  
5.     Investigator ’ s Brochure (which may be substituted 
by the Summary of Product Characteristics in the 
case of products with a Marketing Authorisation to 
be used within the terms of their authorisation).  
6.     Investigational Medicinal Product Dossier (IMPD) 
which may be simplifi ed, and partially or wholly sub-
stituted by the Summary of Product Characteristics in 
the case of products with a Marketing Authorisation.    
 There are detailed provisions for notifi cation of sub-
stantial amendments and for the declaration of the 
end of the trial. 

 If the NCA notifi es the sponsor of grounds for 
non - acceptance, the sponsor may, on one occasion 

 and establishes that  ‘ All clinical trials, including 
bioavailability and bioequivalence studies, shall be 
designed, conducted and reported in accordance with 
the principles of good clinical practice. ’  

 Investigational medicinal products (IMPs) used in 
clinical trials are required to be manufactured in 
accordance with Good Manufacturing Practice 
(GMP). An IMP is  ‘ a pharmaceutical form of an 
active substance or placebo being tested or used as a 
reference in a clinical trial, including products already 
with a marketing authorisation but used or assem-
bled (formulated or packaged) in a way different 
from the authorised form, or when used for an unau-
thorised indication, or when used to gain further 
information about the authorised form ’ . 

 The Directive defi nes a clinical trial as  ‘ any investi-
gation in human subjects intended to discover or 
verify the clinical, pharmacological and/or other 
pharmacodynamic effects of one or more IMP(s), 
and/or to identify any adverse reactions to one or 
more investigational medicinal product(s) and/or 
to study absorption, distribution, metabolism and 
excretion of one or more investigational medicinal 
product(s) with the object of ascertaining its (their) 
safety and/or effi cacy ’ . 

 The Directive includes interventional clinical trials 
within its scope, but excludes non - interventional 
trials that are defi ned as  ‘ a study where the medicinal 
product(s) is (are) prescribed in the usual manner in 
accordance with the terms of the marketing authorisa-
tion. The assignment of the patient to a particular 
therapeutic strategy is not decided in advance by a trial 
protocol but falls within current practice and the pre-
scription of the medicine is clearly separated from the 
decision to include the patient in the study. No addi-
tional diagnostic or monitoring procedures shall be 
applied to the patients and epidemiological methods 
shall be used for the analysis of collected data ’ . 

 The Directive defi nes the sponsor as:  ‘ an individ-
ual, company, institution or organisation which takes 
responsibility for the initiation, management and/or 
fi nancing of a clinical trial ’ . The investigator and the 
sponsor may be the same person. The sponsor does 
not need to be located in a EU Member State but, if 
the sponsor is not legally established in the EU, must 
have a legal representative established in the EU. One 
legal representative in the EU is suffi cient even where 
the trial is conducted in several Member States, and 
the same legal representative may act in relation to 
several trials of the same sponsor (although the 
sponsor may also use different legal representatives 
for different trials). 
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pable of giving informed consent as regards the spe-
cifi c restrictions laid down in Article 3;  
   •      the arrangements for the recruitment of subjects.    

 The Ethics Committee  –  or, if decided by the 
Member State, the NCA  -  will give its opinion on the 
following items:
    •      provision for indemnity or compensation in the 
event of injury or death attributable to a clinical trial;  
   •      any insurance or indemnity to cover the liability of 
the investigator and sponsor;  
   •      the amounts and, where appropriate, the arrange-
ments for rewarding or compensating investigators 
and trial subjects and the relevant aspects of any 
agreement between the sponsor and the site.    

 The Ethics Committee has a maximum of 60 days 
from the date of receipt of a valid application to give 
its reasoned opinion to the applicant and the NCA in 
the Member State concerned. Within the period of 
examination of the application for an opinion, the 
Ethics Committee may send a single request for infor-
mation supplementary to that already supplied by the 
applicant. The 60 - day period is then suspended until 
receipt of the supplementary information by the 
Ethics Committee. No extension to the 60 - day period 
is permitted except in the case of trials involving 
medicinal products for gene therapy or somatic cell 
therapy or medicinal products containing genetically 
modifi ed organisms. In which case, an extension of a 
maximum of 30 days is permitted. For these products, 
this 90 - day period may be extended by a further 90 
days in the event of consultation of a group or a com-
mittee in accordance with the regulations and proce-
dures of the Member States concerned. In the case of 
xenogenic cell therapy, there is no time limit to the 
authorisation period. 

 As is the case for the NCA, the sponsor should 
submit substantial amendments to those items within 
the review of the Ethics Committee, to each Commit-
tee, and notify them of the end of the trial. 

 The Directive also sets out procedures for the sus-
pension of a trial or infringements either in relation 
to the requirements of a trial authorisation or to the 
obligations of one of the parties involved. The 
Member State may suspend a trial or require one of 
the parties to remedy their failure to fulfi l obligations. 
Where this is done, the Member State informs the 
other Member States, the European Commission and 
the EMA. 

 There are specifi c defi nitions and requirements for 
the recording and reporting of adverse events and of 
serious adverse reactions by the investigator to the 
sponsor, and by the sponsor to the NCA and Ethics 

only, amend the content of the request to take due 
account of the grounds given. There is a limit of 60 
days on this process for Member States to consider a 
valid request and issue their fi nal conclusion. No 
extension of this period is foreseen except in the 
case of trials involving medicinal products for gene 
therapy or somatic cell therapy or medicinal products 
containing genetically modifi ed organisms for 
which an extension of a maximum of 30 days is per-
mitted. For these products, this 90 - day period may be 
extended by a further 90 days in the event of consulta-
tion of a group or a committee in accordance with 
the regulations and procedures of the Member States 
concerned. In the case of xenogenic cell therapy there 
is no time limit to the authorisation period. It is 
important to note that the Member States may lay 
down a shorter period than 60 days within their area 
of responsibility if that is in compliance with current 
practice. The NCA can nevertheless notify the 
sponsor before the end of this period that it has no 
grounds for non - acceptance. 

 The Directive requires that Member States take the 
measures necessary for the establishment and opera-
tion of Ethics Committees. The application process 
to the Ethics Committee is set out in article 6 of the 
Directive and in guidance published in Chapter I of 
Volume 10 of EudraLex. Article 7 of the Directive 
requires that for multi - centre clinical trials limited to 
the territory of a single Member State, Member States 
shall establish a procedure providing, notwithstand-
ing the number of Ethics Committees, for the adop-
tion of a single opinion for that Member State. 

 The sponsor or investigator assigned has to make 
an application to the relevant Ethics Committee in 
each Member State. The Ethics Committee can be 
asked give its opinion, before a clinical trial com-
mences, on any issue requested and in particular it 
should consider:
    •      the relevance of the clinical trial and the trial 
design;  
   •      whether the evaluation of the anticipated benefi ts 
and risks as required under Article 3(2)(a) is satisfac-
tory and whether the conclusions are justifi ed;  
   •      the protocol;  
   •      the suitability of the investigator and supporting 
staff;  
   •      the investigator ’ s brochure;  
   •      the quality of the facilities;  
   •      the adequacy and completeness of the written 
information to be given and the procedure to be fol-
lowed for the purpose of obtaining informed consent 
and the justifi cation for the research on persons inca-
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case of minors), and if there is benefi t for the research 
subjects. 

 Vulnerable populations include for example, chil-
dren, pregnant women, patients with cognitive or 
psychiatric diseases who are unable to consent for 
themselves, institutionalised subjects and prisoners. 
Consent for these participants require the written 
consent of the legal representative and of the treating 
physician. However, vulnerability is not limited to 
these situations or these subjects. In some regions or 
cultures, women for example may not be allowed to 
consent for themselves, although consent is expected 
to represent the expression (and the protection) of 
autonomy and free will of the subject participating in 
research. The research cannot proceed if consent is 
not provided. 

 Vulnerability can be due to the lack of understand-
ing of research principles, options and risks, the lack 
of autonomy of the subject, the susceptibility to infl u-
ence from carers, investigators or family, or con-
strained by hierarchical relations. The vulnerable 
subject may be at risk of being easily coerced or 
tempted by other expected benefi ts (such as free 
access to medical care or innovative treatments). 

 This section presents mainly the special protec-
tions of minors, but many of these precautions apply 
to other vulnerable populations. 

 There has been a shift in the long - standing para-
digm of protecting vulnerable subjects from risk by 
excluding them from research. It is now recognised 
that, notwithstanding the risks, there are benefi ts for 
the subjects involved in research. Eventually, in the 
case of research providing evidence on medicines, the 
benefi t will include the possibility to prescribe medi-
cines based on evidence, rather than off - label and this 
has been shown to be safer for the patients. 

 Excluding vulnerable subjects has led to a gap in 
knowledge and the lack of necessary data to treat 
those vulnerable populations. Conscious of the ne -
glect of children in particular, the European institu-
tions decided to adopt a legislation that imposed 
studies in children, with a view to properly assessing 
and authorising medicines intended for this popula-
tion. At the same time, when the European Parlia-
ment discussed the proposal for Regulation (EC) No 
1901/2006 on medicinal products for paediatric use 
 [9] , it also requested that guidance be provided on 
precautions for clinical trials to be performed with 
children, as many more trials were expected. A docu-
ment was produced by the ad hoc group on the 
Implementation of the Clinical Trials Directive, 
which represents the Member States and is chaired by 

Committees concerned. These reports are expedited 
for suspected unexpected serious adverse reactions 
(SUSARs) and all serious adverse reactions are 
included in annual reports (now in the format of the 
ICH E2F Development Safety Update Report  [8] ) 
sent to the Ethics Committees and NCA. The EMA 
was required to establish a database for SUSARs and 
that is known as EudraVigilance Clinical Trial Module 
(see later). 

 Further requirements are set out for the manufac-
ture and import of IMPs and their labelling, and 
for the inspection for compliance with GCP and 
with GMP.  

Good Clinical Practice Directive 
 The full title of the GCP Directive is  ‘ Commission 
Directive 2005/28/EC of 8 April 2005 laying down 
principles and detailed guidelines for good clinical 
practice as regards IMPs for human use, as well as the 
requirements for authorisation of the manufacturing 
or importation of such products. ’  

 This Directive implements and provides further 
detail on a number of the requirements of the Clinical 
Trials Directive. In particular it describes provisions 
to be applied to IMPs for human use including the 
principles of GCP and detailed guidelines in line with 
those principles, as referred to in Article 1(3) of 
Directive 2001/20/EC, for the design, conduct and 
reporting of clinical trials on human subjects involv-
ing such products; the requirements for authorisation 
of the manufacture or importation of such products, 
and the detailed guidelines, on the documentation 
relating to clinical trials, archiving, qualifi cations of 
inspectors and inspection procedures. 

 These elements are then further detailed in guid-
ance published in Volume 10 of EudraLex.   

Protection of  vulnerable  subjects
in clinical trials

Protecting  vulnerable  subjects
 The Clinical Trials Directive ’ s main objective is to 
protect any subject participating in clinical trials of 
investigational medicinal products. The legislation 
makes a special case for minors and patients unable 
to provide legal consent for themselves and it specifi es 
the special precautions that apply to them. The fi rst 
precaution is that research (within the clinical trial) 
only be performed with these subjects if there is no 
possibility to obtain the information in other partici-
pants able to consent for themselves (e.g. adults in the 
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for paediatric trials in some countries, as medical 
research is not considered an ordinary - life decision.  

Consent and assent
 The Declaration of Helsinki and the GCP ICH guide-
line both include a reference to assent, commonly 
defi ned as the knowing agreement given by subjects 
unable to provide legal consent. The Clinical Trials 
Directive unfortunately neither mentions nor re -
quires assent. The consent from the legal representa-
tive is supposed to be the  ‘ presumed will ’  of the 
minor. This could be interpreted as the parent should 
only consent if he or she is confi dent that the child 
 –  if competent  –  would have consented. According to 
the Directive, the minor ’ s explicit wish to refuse or 
revoke participation must be  ‘ considered ’  by the 
investigator as a condition to enrol or maintain the 
child in the trial. Most other ethical recommenda-
tions actually state that this wish must be respected.  

Direct  benefi t for the  group 
 By requiring direct benefi t for the group in the case 
of clinical trials in minors, the Directive excludes 
trials in  ‘ healthy volunteers ’ ; it can be argued that a 
minor who cannot legally consent, cannot be a vol-
unteer and should not serve as a commodity for 
research. 

 The language of the Directive is not consistent with 
other legal texts in particular that of the European 
Convention on Human Rights and Biomedicine  [12] , 
which requires benefi t for the individual. There is also 
a lack of clarity on what is the reference group that 
should benefi t: various divergent interpretations have 
been provided so far (e.g. group in the trial, group 
affected by the same disease).  

Other precautions for  minors 
 The Directive takes into consideration the child ’ s par-
ticular vulnerability and lack of autonomy. It also 
recognises the potential invasiveness of medical 
research, which must be reduced for children (e.g. 
through the use of micro - assays, the limitation of 
blood samples or the use of non - invasive methods). 

 The risk threshold for the trial participants must 
be defi ned and  ‘ monitored ’  according to the Direc-
tive; however, there is no defi nition of an acceptable 
level of risks. 

 No fi nancial or other inducement can be offered to 
trial participants. In practice, some Member States 
have accepted small gifts of nominal value, or tokens 
of appreciation to be made available to children at the 
end of the trial. In developing countries, access to 

the European Commission. The reader is referred to 
this text for further information and practical aspects 
of paediatric clinical trials  [10] . 

 Children are not small adults when it comes to 
pharmacokinetics and pharmacodynamics of medi-
cines. Therefore, the information obtained in con-
senting adults has limited value, which justifi es the 
need for research with children. Protecting children 
is as necessary as involving them in trials. In fact, it 
has been shown that children are better protected if 
treated according to a research protocol, than if 
receiving off - label prescriptions  [11] . The safer envi-
ronment is probably because of a combination of 
careful scrutiny of the protocol before authorisation 
of the trial, strict inclusion and exclusion criteria, 
intensive (safety) monitoring during the trial and 
closer control of doses administered. On the other 
hand, off - label prescriptions of medicines that were 
never studied and assessed for children have been 
shown to be responsible for higher frequency and 
greater seriousness of adverse reactions.  

Minors as an  example of 
vulnerable  population
 Literally, the Clinical Trials Directive refers to  ‘ minors ’  
rather than children (except in its Recital 3). There is 
no defi nition of a minor in the Directive, but the 
common defi nition is that of a person who does 
not have the legal right to make autonomous deci-
sions, i.e. is unable to consent to research for him or 
herself in the present case, and decides through a legal 
representative. The Directive refers to national legis-
lations on the defi nition of legal representatives 
(Recital 5). The age of minority or majority differs 
slightly across Member States, but may vary accord-
ing to the importance of the decision or activity con-
cerned (e.g. legal age to drive or to vote). Many 
countries consider that adolescents may take inde-
pendent decisions from a younger age including for 
medical care, but generally exclude adolescents from 
decisions on participation in medical  research . Most 
Member States consider that for the purpose of 
research, the age of  ‘ majority ’  is 18 years (in Scotland, 
consent can be provided from the age of 16). In paral-
lel,  ‘ children ’  are defi ned in Regulation (EC) No 
1901/2006 as the population aged from birth to less 
than 18 years. 

 The legal representative may be a natural or legal 
person, an authority and/or a body provided for 
by national law. In the case of children, the legal rep-
resentative is generally one or both parents. Both 
parents may be required to consent simultaneously 
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Chapter II: monitoring and 
pharmacovigilance
     •      Detailed guidance on the collection, verifi cation 
and presentation of adverse event/reaction reports 
arising from clinical trials on medicinal products for 
human use ( ‘ CT - 3 ’ ) (June 2011).  
   •      ICH guideline E2F  -  Note for guidance on develop-
ment safety update reports (DSUR) (September 
2010).    

 To give additional support, ICH has established 
 ‘ model DSURs ’ . These  ‘ model DSURs ’  take account of 
the differing knowledge about a medicine, depending 
on whether the sponsor holds the marketing authori-
sation or not.  

Chapter III: quality of the investigational
medicinal product 
     •      Good manufacturing practices for manufacture 
of investigational medicinal products (February 
2010) Community basic format for manufacturing 
authorisation/Community basic format for manufac-
turers/importers.  
   •      Guideline on the requirements to the chemical and 
pharmaceutical quality documentation concerning 
investigational medicinal products in clinical trials.  
   •      Guidance on Investigational Medicinal Products 
(IMPs) and  ‘ non investigational medicinal products ’  
(NIMPs) (rev. 1, March 2011).     

Chapter IV : inspections
     •      Guidance for the preparation of GCP inspections 
(June 2008).  
   •      Recommendation on inspection procedures for the 
verifi cation of GCP compliance (July 2006).  
   •      Guidance for the conduct of GCP inspections (June 
2008).  
   •      Annex I to Guidance for the conduct of GCP 
inspections  –  investigator site (June 2008).  
   •      Annex II to Guidance for the conduct of GCP 
inspection  –  clinical laboratories (June 2008).  
   •      Annex III to Guidance for the conduct of GCP 
inspections  –  computer systems (June 2008).  
   •      Annex IV to Guidance for the conduct of GCP 
inspections  –  sponsor and CRO (June 2008).  
   •      Annex V to Guidance for the conduct of GCP 
inspections  –  phase I units (November 2008).  
   •      Annex VI to Guidance for the conduct of GCP 
inspections  –  record keeping and archiving of docu-
ments (March 2010).  
   •      Annex VII to Guidance for the conduct of GCP 
inspections  –  bioanalytical part, pharmacokinetic 

research, research funding and innovative therapies 
may also represent an inducement to researchers. 

 Paediatric expertise should be available to the 
Ethics Committee. This may be an ad hoc advice or 
through a permanent member of the Committee. The 
Ethical considerations provide some elements of 
what constitutes expertise in this domain. 

 The Directive requires that EMA guidelines, where 
they exist, be followed. However, the wording is 
somewhat confusing as guidelines are generally 
providing advice rather than requirements, and the 
possibility to diverge when justifi ed is always 
acknowledged. 

 Precautions similar to that for minors are repeated 
for adults who cannot legally consent. However, the 
wording is slightly more restrictive and requires that 
there be direct benefi t to the patient, or no risks at 
all. The research can only be carried out for life -
 threatening or seriously debilitating diseases affecting 
the participants.   

Clinical trials guidelines

 Volume 10 of the publications  ‘ The rules governing 
medicinal products in the European Union ’  (Eud-
raLex) contains guidance documents applying to 
clinical trials. 

Chapter I:  application and application form
     •      Detailed guidance for the request for authorisation 
of a clinical trial on a medicinal product for human 
use to the NCA, notifi cation of substantial amend-
ments and declaration of the end of the trial (revision 
3 of March 2010) 

    •      Annex 1 revised (revision 4 of November 2009) 
 –  EudraCT Version 8.0 uses the Revision 4 dated 
November 2009 of the Clinical Trials Application 
Form  
   •      Substantial Amendment Notifi cation Form (revi-
sion 3 of June 2010)  
   •      Declaration of the End of Trial Form: (revision 3 
of June 2010).    

   •      Detailed guidance on the application format and 
documentation to be submitted in an application for 
an Ethics Committee opinion on the clinical trial on 
medicinal products for human use (revision 1 of Feb-
ruary 2006).  
   •      Detailed guidance on the European clinical trials 
database (EUDRACT Database) (revision of April 
2004).     
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41 of Regulation (EC) No 1901/2006 and its imple-
menting guideline 2009/C28/01 (February 2009).  
   •      EudraCT  -  List of additional fi elds contained in 
EudraCT (reasons for negative opinions of the Ethics 
Committee) (November 2010).     

Chapter VI: legislation
     •      Directive 2001/20/EC of the European Parliament 
and of the Council of 4 April 2001 on the approxima-
tion of the laws, regulations and administrative 
provisions of the Member States relating to the 
implementation of GCP in the conduct of clinical 
trials on medicinal products for human use.  
   •      Commission Directive 2005/28/EC of 8 April 2005 
laying down principles and detailed guidelines for 
GCP as regards investigational medicinal products 
for human use, as well as the requirements for 
authorisation of the manufacturing or importation 
of such products.  
   •      Commission Directive 2003/94/EC of 8 October 
2003 laying down the principles and guidelines of 
good manufacturing practice in respect of medicinal 
products for human use and investigational medici-
nal products for human use.      

EU databases

 The Clinical Trials Directive established two data-
bases. Under Article 11 of the Directive 2001/20/EC, 
the Community database on clinical trials (EudraCT) 
was established, and under Article 17 the Community 
database for SUSARs in the EudraVigilance Clinical 
Trial Module (EV CTM). These were established as 
confi dential databases and subsequently Regulation 
(EC) No 726/2004 (the main legislation governing 
EMA activities)  [13]  and the Paediatric Regulation 
have partially lifted the confi dentiality applying to the 
EudraCT database, and also extended its content to 
include clinical trial results as well as information on 
the trial and its status. This latter development on 
results is under construction at the time of writing in 
early 2012. 

Eudra CT
 EudraCT is the EU ’ s electronic database of interven-
tional clinical trials. It contains information submit-
ted by sponsors and informs users about ongoing 
clinical trials in all EU Member States and EEA coun-
tries, enabling an overview of multi - state trials. 

 The EudraCT system can be found at  https://
eudract.ema.europa.eu/ . There are two parts. One is 

and statistical analyses of bioequivalence trials 
(November 2008).  
   •      Guidance for coordination of GCP inspections and 
co - operation between GCP inspectors, the reference 
and concerned Member States and CMD(h), in the 
context of the evaluation of the GCP compliance of 
marketing authorisation applications for mutual rec-
ognition and decentralised procedures (June 2009).  
   •      Guidance for exchange of GCP Inspection Reports 
according to Article 15(2) of Directive 2001/20/EC 
(revision 1  –  May 2009).  
   •      Guidance for the communication on GCP inspec-
tions and fi ndings (June 2008).  
   •      Procedure for standardisation of GCP inspection 
entries in EudraCT (November 2008).  
   •      Guidance for the preparation of GCP inspection 
reports (June 2008).  
   •      Recommendations on the qualifi cations of inspec-
tors verifying compliance in clinical trials with the 
provisions of GCP (July 2006).     

Chapter V:  additional information
     •      Guidelines on GCP (ICH E6: Good Clinical Prac-
tice: consolidated guideline (CPMP/ICH/135/95) 
(1996).  
   •      Detailed guidelines on GCP specifi c to advanced 
therapy medicinal products (December 2009).  
   •      Recommendation on the content of the trial master 
fi le and archiving (July 2006).  
   •       ‘ Questions and Answers ’  Document  –  Version 9 
(August 2011).  
   •      Ethical considerations for clinical trials on medici-
nal products conducted with the paediatric popula-
tion (2008).  
   •      Guideline 2008/C168/02 on the data fi elds from the 
European clinical trials database (EudraCT) that may 
be included in the European database on Medicinal 
Products (July 2008).  
   •      List of fi elds contained in the  ‘ EudraCT ’  clinical 
trials database to be made public, in accordance with 
Article 57(2) of Regulation (EC) No 726/2004 and its 
implementing guideline 2008/C168/02 (February 
2009).  
   •      Guideline 2009/C28/01 on the information con-
cerning paediatric clinical trials to be entered into the 
EU Database on Clinical Trials (EudraCT) and on the 
information to be made public by the European 
Medicines Agency (EMEA), in accordance with 
Article 41 of Regulation (EC) No 1901/2006 (Febru-
ary 2009).  
   •      List of fi elds to be made public from EudraCT for 
Paediatric Clinical Trials in accordance with Article 
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   •      view the description of any paediatric clinical trial 
(i.e. trial with participants aged from birth to 18 
years, including phase I) with investigator sites in the 
EU, and those with sites outside the EEA when they 
form part of a paediatric investigation plan; and  
   •      download up to 20 results (per request) in a text 
fi le.    

 The details in the clinical trial description include:
    •      the design of the trial;  
   •      the sponsor;  
   •      the investigational medicine (trade name or active 
substance identifi cation);  
   •      the therapeutic areas; and  
   •      the status (authorised, ongoing, complete).    
 However, the EU Clinical Trials Register website 
does not:
    •      provide information on non - interventional clinical 
trials of medicines (observational studies on author-
ised medicines);  
   •      provide access to the authorisation document from 
the NCA or the opinion document from the relevant 
Ethics Committee;  
   •      provide information on clinical trials for e.g. surgi-
cal procedures, medical devices or psychotherapeutic 
procedures; or  
   •      allow patients/subjects access to any clinical trial 
published on the website.     

EudraVigilance Clinical Trials Module 
 The reporting of SUSARs during clinical trials is 
defi ned in Article 17 of the Clinical Trials Directive. 
With effect from 1 May 2004, the electronic reporting 
of SUSARs has come into force. The EMA has estab-
lished the Clinical Trials Module database (EVCTM) 
to which sponsors and NCA can report SUSARs elec-
tronically, and to which all NCA have access to report 
and to review the content. This process involves 
investigators, sponsors of clinical trials conducted in 
the EEA, the EMA, NCA and Ethics Committees. The 
reporting is applicable to reactions to any of the IMPs 
that are studied in the clinical trials conducted in the 
EU/EEA or in related trials conducted outside of the 
EU/EEA.   

Clinical trials and marketing
authorisations

 The EU pharmaceutical legislation sets out standards 
for clinical trials included in marketing authorisation 
applications submitted to EU regulatory authorities. 
Trials conducted in the EU have to be conducted in 

a public part where sponsors can obtain a EudraCT 
number to register their trials and complete the clini-
cal trial application form and XML, which they save 
on their own computer locally and include in their 
Clinical Trial Application to NCAs. The second part 
is secure, accessible only to the NCA, the EMA and 
the European Commission, where the NCA load the 
XML data from the sponsor and add information on 
the authorisation, the Ethics Committee opinion, 
substantial amendments, the end of trial and GCP 
inspections. The information available dates from 1 
May 2004 when NCAs began populating the EudraCT 
database. In addition, EudraCT includes the informa-
tion on clinical trials that are part of a paediatric 
investigation plan (PIP) and are conducted outside of 
the EU (outside of the EEA) is supplied to EMA by 
the company or organisation responsible for the PIP 
( ‘ the PIP addressee ’ ) and on any paediatric trials sub-
mitted to NCA for evaluation. 

 The system alerts regulatory authorities in Member 
States in the case of:
    •      early interruption or termination of a trial because 
of safety reasons, a lack of effi cacy or IMP quality 
problems;  
   •      suspension or prohibition of a trial;  
   •      the refusal of a clinical trial application by the NCA;  
   •      the negative opinion of the Ethics Committee in a 
given Member State.     

EU Clinical Trials Register 
 The EU Clinical Trials Register (EU CTR) was 
launched in March 2011 to provide the public with 
information held in the EudraCT database. EU CTR 
can be accessed at  https://www.clinicaltrialsregister.
eu/ . The EudraCT database was established in Article 
11 of the Clinical Trial Directive 2001/20/EC as a 
confi dential database accessible only to the NCA of 
the Member States, the EMA and the European Com-
mission. Since then, changes to the EU pharmaceuti-
cal legislation (Article 57 of the Regulation (EC) No 
726/2004 and Article 41 of the Paediatric Regulation) 
allow that some of the information held in the 
EudraCT database is made public. 

 The EU CTR has been recognised as a primary 
register of the World Health Organization (WHO) 
International Clinical Trials Registry Platform  [14]  
to which it has supplied information since early 
2012. 

 The EU Clinical Trials Register allows users to:
    •      view the description of phase II – IV adult clinical 
trials where the investigator sites are in EU Member 
States and the EEA;  
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accordance with the Clinical Trials Directive. Those 
conducted outside of the EU have to be carried out 
in accordance with GCP standards and ethical prin-
ciples equivalent to those applying in the EU and 
those set out for instance in the Declaration of Hel-
sinki. Compliance with these requirements has to be 
verifi ed at the time of the review of the marketing 
authorisation application. 

 The increasing globalisation of clinical research 
poses signifi cant challenges, for the EU marketing 
authorisation process.  In marketing authorisation 
applications submitted to the Agency between 2005 
and 2010, only 39.4% of patients enrolled in pivotal 
clinical trials received their treatments at clinical 
trial sites within the EU and the EEA (39.4% in 
Europe, 34.5% in North America, 2.8% Africa, 8.7% 
Middle East/Asia Pacifi c, 3.9% CIS, 8.6 % Latin 
America, 2.1% other). These pivotal trials involved 
more than 750,000 patients and    more    than 57,000 
clinical trial sites in 90 countries    [15].    The data gen-
erated were used to support about 400 marketing 
authorisation applications as well as some applica-
tions for a variation or a line extension to an existing 
marketing authorisation.

 The EMA, in conjunction with the EU regulatory 
network and stakeholders, has prepared a refl ection 
paper setting out practical steps to be taken in 
the context of these international developments in 
four areas:
1.     International cooperation in the regulation of 
clinical trials, their review and inspection and capac-
ity building in this area.  
2.     Practical application of ethical standards for clini-
cal trials, in the context of EMA activities and MAAs 
to EU regulators.  
3.     Practical steps undertaken during the provision of 
guidance and advice in the development phase.  
4.     Practical steps to be undertaken during the MAA 
phase    
 More details can be found at:  http://www.ema.
europa.eu/ema/index.jsp?curl = pages/regulation/
general/general_content_000072.jsp & mid = WC0b01
ac05800268ad   

Inspections of clinical trials

 An inspection is defi ned as  ‘ the act by a competent 
authority of conducting an offi cial review of docu-
ments, facilities, records, quality assurance arrange-
ments, and any other resources that are deemed by 

the competent authority to be related to the clinical 
trial and that may be located at the site of the trial, at 
the sponsor ’ s and/or contract research organisation ’ s 
facilities, or at other establishments which the com-
petent authority sees fi t to inspect ’ . 

 The Clinical Trials Directive describes the ap -
pointment of inspectors by the Member States. 
The inspections are conducted by the NCA of the 
Member State concerned, which informs the EMA. 
Inspections are carried out on behalf of the European 
Union, and the results recognised by all the other 
Member States. The inspections are coordinated by 
the EMA, within the framework of the powers pro-
vided. Subject to any arrangements that may have 
been concluded between the EU and third countries, 
a trial site and/or the sponsor ’ s premises and/or the 
manufacturer established in a third country may be 
inspected (Figure  18.1 ). The inspection is carried out 
by duly qualifi ed inspectors of the Member States. 
Detailed information on inspection procedures is 
available in Chapter IV of Volume 10 of EudraLex, 
and on the EMA website. These procedures and 
policy on other GCP matters as well as other activities 
including joint training of EU GCP inspectors are 
prepared and overseen by the GCP Inspectors 
Working Group that is organised and chaired by 
EMA and meets quarterly at EMA. Further infor-
mation on inspections, procedures and working 
groups is available at:  http://www.ema.europa.eu/
ema/index.jsp?curl = pages/regulation/general/general_
content_000161.jsp & mid = WC0b01ac0580024592 & js
enabled= true     

Clinical Trials Facilitation Group 

 The EU Heads of Medicines Agencies agreed in 2004 
to establish a Clinical Trials Facilitation Group 
(CTFG) to co - ordinate implementation of the Clini-
cal Trials Directive 2001/20 EC across the Member 
States. 

 The CTFG acts as a forum for discussion to agree 
on common principles and processes to be applied 
throughout the European medicines regulatory net-
work. It also promotes harmonisation of clinical trial 
assessment decisions and administrative processes 
across the NCA. 

 The mandate and main priorities and functions of 
the CTFG are as follow:
    •      sharing of scientifi c assessments;  
   •      harmonising processes and decisions;  
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review of responses and resolution of these issues. 
Once this is done, the sponsor can then formally 
apply in each Member State and benefi t from a rapid 
authorisation of the trial in those Member States par-
ticipating, where the trial has been considered 
approvable. The Ethics Committees are not part of 
this process and have to be addressed individually. 

 Information about the CTFG and on the Voluntary 
Harmonised Procedure can be found on the Heads of 
Medicines Agencies website ( www.hma.eu ):
    •      CTFG Mandate;  
   •      Clinical Trial Application Assessment in Member 
States;  
   •      Guidance document for a Voluntary Harmonisation 
Procedure for the assessment of multinational Clinical 
Trial Applications www.hma.eu/fi leadmin/dateien/
Human_Medicines/01 - About_HMA/Working_
Groups/CTFG/2010_03_VHP_Guidance_v2.pdf  
   •      Offi cial contact points of NCA.      

   •      participating in development of information 
systems;  
   •      communication; and  
   •      cooperation with other working groups.    
 Representatives from the NCAs, European Commis-
sion and the EMA attend the CTFG, which is co -
 chaired by senior representatives of the clinical trial 
units of the NCAs of two Member States. 

Voluntary Harmonised Procedure 
 The Voluntary Harmonised Procedure has been 
developed by the CTFG. It is a procedure for the 
coordinated pre - assessment of a multinational linical 
trial application by the NCA of the Member States 
concerned. It is voluntary for the sponsor and the 
Member States. The participating NCA reviews the 
application and supporting data and, if appropriate, 
develops a single set of grounds for non - approval (list 
of questions to the sponsor) and coordinates the 

Figure 18.1     Number of EU coordinated inspections per year and region. ( ©  EMA.)  
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Revision of the clinical
trials legislation

 The Clinical Trials Directive has done much to 
improve, harmonise and simplify the administrative 
procedures involved in gaining authorisation, but has 
also had unforeseen consequences which have led 
to much debate. The key issue is concern that the 
Directive has led to a tendency of a  ‘ one size fi ts all ’  
approach with excessive demands placed on certain 
trials, in particular those with IMPs that have EU 
marketing authorisation and are used within or close 
to the terms of that marketing authorisation. Other 
more specifi c issues including aspects of safety 
reporting, insurance and clinical trials in emergency 
situations have also emerged. 

 The EMA was asked by the European Commission 
in 2007 to hold a workshop on the future of the 
Directive  [16] . The European Commission has sub-
sequently conducted a number of consultations on 
concept papers in order to explore potential options 
to improve the legislation. 

 At the time of writing, it is foreseen that the Euro-
pean Commission will issue a proposal for revision 
of the legislation mid/end 2012. This topic will there-
fore evolve considerably over the next several years 
during which the proposal is reviewed, revised and 
fi nally adopted. Readers interested in being updated 
should consult the European Commission DG 
SANCO ’ s website for up - to - date information: 
 http://ec.europa.eu/health/human - use/clinical - trials/
index_en.htm .  
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Introduction 

 The history of pharmaceutical legislation in the Euro-
pean Union (EU) is intricately linked with legisla -
tion and harmonisation across other socioeconomic 
sectors as well as an ever - increasing membership of 
the EU. The unique strength of the European system 
of licensing and monitoring medicinal products lies 
in the collective scrutiny of a new drug, or the safety 
of an approved drug, drawn from the expertise of all 
its Member States. Invariably, each application is 
closely scrutinised by the experts and advisory com-
mittees of either the European Medicines Agency 
(EMA)  [1]  or the Member States  [2] . The EU system 
has provided important leads to other regulatory 
authorities of the world, either indirectly or formally 
through the International Conference on Harmoni-
sation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH)  [3] . 

 Although at fi rst it did not attract as much atten-
tion as do some regulatory bodies in other parts of 
the world, today the EU system of pharmaceutical 
regulation is at the forefront in terms of transparency 
and patient protection while attempting to bring 
novel medicines to the market as effi ciently as pos-
sible to address patients ’  needs. In matters of doubt, 
consumer and patient interests take precedence. The 

need to seek either a consensus or majority view 
among the Member States to reach a harmonised 
pan - European view necessarily takes time and this 
could be seen as a potential drawback of the EU 
system. Nevertheless, this is counterbalanced by the 
perceived strength of a multiparty scientifi c peer 
review. 

 The websites of the European Commission (EC) 
 [4]  and the EMA include all relevant legislation  [5]  
and guidelines as well as a vast amount of infor-
mation related to pharmaceutical procedures and 
medicinal products. In order not to distort the con-
tents or the message, this chapter brings together the 
relevant legislations, guidelines and information, 
almost verbatim in many instances, from these web-
sites. We gratefully acknowledge these sources at the 
outset and provide links to the appropriate locations 
of various documents on these websites when consid-
ered helpful to the reader. Because the legislation, the 
requirements and the procedures continue to evolve, 
the applicant should verify the latest position before 
making important decisions. 

 This chapter fi rst sets out in brief the historical 
developments that underpin the EU followed by a 
review of the evolution of the prevailing pharmaceu-
tical legislation and current regulatory procedures, 
requirements and expectations.  
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 In 1984, the Single European Act enshrined a single 
European market and, in 1993, the Treaty of the 
European Union (Maastricht) created the European 
Community. Areas of cooperation identifi ed were 
defence, justice and home affairs. Later, in 1997, the 
Treaty of Amsterdam extended the harmonisation 
process into areas of employment and citizens ’  rights, 
improvement of employee and consumer protection, 
non - discrimination, removal of any remaining obsta-
cles to free movement, cooperation between police 
forces and customs authorities, easier extradition of 
criminals between Member States and common 
minimum standard for rules and penalties for certain 
offences. The year 2002 saw the introduction of the 
 ‘ Euro ’  coins and notes into circulation in the 12 
Member States participating in the  ‘ Euro Zone ’  
(Austria, Belgium, Finland, France, Germany, Greece, 
Ireland, Italy, Luxembourg, the Netherlands, Portugal 
and Spain). Since then, fi ve more countries have 
adopted the Euro (Cyprus, Estonia, Malta, Slovakia 
and Slovenia). 

 A small village in Luxembourg gave its name to the 
Schengen Agreement, which fi rst came into force in 
March 1995 and is part of EU law, allowing people to 
travel across the frontiers of the participating Member 
States without having their passports checked at the 
borders. The membership of the  ‘ Schengen countries ’  
has grown from the original 7 to 22 Member States 
(the exceptions being Bulgaria, Cyprus, Ireland, 
Romania and the UK). 

 This brief account provides only a fl avour of the 
depth and breadth of harmonisation and cooperation 
across the EU but, against this background, it should 
come as no surprise that there has evolved EU - wide 
legislation that aims to harmonise regulation of phar-
maceutical or medicinal products  –  both human and 
veterinary. 

 Through the European Economic Area (EEA) 
agreement of 28 May 1999, three European Free 
Trade Association (EFTA) states  –  Iceland, Liechten-
stein, and Norway  –  have adopted a complete Com-
munity  acquis  on medicinal products with effect from 
1 January 2000. Where in this chapter a reference is 
made to Member States, this should therefore be read 
to include these EFTA states. The only exemption 
from this is that legally binding acts from the EU (e.g. 
the European Commission Decisions) do not directly 
confer rights and obligations in these countries but 
fi rst have to be transposed into legally binding 
Acts in these states. Although Liechtenstein is partici-
pating, it can also adopt the decisions made by the 
Swiss Regulatory Authority, SwissMedic. However, 

Overview of the European Union 

 The historical roots of the EU, today one of the three 
largest economic blocks in the world by population, 
surface area or wealth, lie in the Second World War. 
In 1949, Western Europe created the Council of 
Europe as a fi rst step towards preventing further 
wars by setting up economic cooperation. Six coun-
tries (Belgium, France, Luxembourg, Italy, the Neth-
erlands and Germany) wanted to go further and, 
in 1950, the French Foreign Minister, Robert 
Schuman, proposed integrating the coal and steel 
industries of Western Europe. In 1951, the six coun-
tries signed the Treaty of Paris establishing the Euro-
pean Coal and Steel Community (ECSC or the  ‘ High 
Authority ’ ) and, by February 1953, the Common 
Market for coal and iron ore was set in place. The 
Six removed custom duties and quantitative re -
strictions on these raw materials and on 8 December 
1955 the Council of Ministers of the Council of 
Europe adopted as its emblem the blue fl ag hosting 
12 golden stars. 

 On 25 March 1957, the Treaties establishing the 
European Economic Community (EEC) and the 
European Atomic Energy Community (EURATOM) 
were signed by the Six in Rome and are referred to as 
the  ‘ Treaties of Rome ’ , which came into force on 1 
January 1958. The ECSC, EEC and EURATOM were 
set up in Brussels. The Parliamentary Assembly and 
the Court of Justice both already set up in Luxem-
bourg in 1952 were common to the three Communi-
ties (ECSC, EEC and EURATOM). 

 The publication of the fi rst  Offi cial Journal of the 
European Communities (now of the European Union)
was on 20 April 1958. Customs duties between the six 
countries were completely removed on 1 July 1968. 

 From these beginnings the EEC established by the 
Six has gradually enlarged and the scope of areas of 
harmonisation widened. The Six were joined by 
Denmark, Ireland and the UK in 1973, Greece in 
1981, Spain and Portugal in 1986 and Austria, Finland 
and Sweden in 1995. In October 1990, Germany was 
unifi ed and former East Germany became part of the 
EU. This comprised the EU15. Later, in May 2004, 
Cyprus, Czech Republic, Estonia, Hungary, Latvia, 
Lithuania, Malta, Poland, Slovakia and Slovenia 
joined the EU followed by Bulgaria and Romania in 
January 2007, making the current membership of 27 
sovereign states (and referred to as EU27). Croatia, 
Iceland, the Former Yugoslav Republic of Macedonia, 
Montenegro and Turkey are candidates for future 
membership. 
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 Implementing Regulations and Directives, if 
required by the primary legislation, can be adopted 
by the European Commission; however, these cannot 
amend the respective primary Regulations and 
Directives. 

 Because Member States are only bound by the 
objectives laid down in Directives, they have some 
discretion in transposing them into national law, 
taking into account specifi c national circumstances, 
but need to ensure effectiveness of the EU law. Direc-
tives must be transposed in the form of binding 
national legislation that fulfi ls the requirements of 
legal certainty and clarity and establishes an action-
able legal position for individuals. National legisla-
tion may not be contrary to the objectives of those 
Directives (blocking effect of Directives). Transposi-
tion must be effected within the period laid down in 
a Directive. 

 For the purpose of pharmaceutical legislation, a 
guideline is an EU document that is intended either 
to fulfi l an obligation laid down in the EU phar-
maceutical legislation (EC guidelines), or to provide 
advice to applicants or marketing authorisation 
holders (MAHs), competent authorities and/or other 
interested parties on the best or most appropriate way 
to fulfi l a legal obligation. In the case of scientifi c 
guidelines, these are adopted after consultation with 
interested organisations and may relate to specifi c 
scientifi c issues refl ecting a harmonised EU approach 
and based on up - to - date scientifi c knowledge. Most 
scientifi c guidelines do not have legal force. However, 
scientifi c guidelines represent harmonised EU posi-
tion, which, if followed by relevant parties such as the 
applicants, MAHs, sponsors, manufacturers and reg-
ulators, will facilitate the assessment, approval and 
control of medicinal products in the EU. Alternative 
approaches to those recommended in guidelines may 
be taken, provided that these are appropriately 
justifi ed. 

 There are other documents referred to as  ‘ concept 
papers ’  and  ‘ refl ection papers ’ , which complement 
scientifi c guidelines. 

Early legislation and harmonisation
before January 1995 
 Two disasters shaped many of the regulatory require-
ments for the development of medicines. The scale of 
the thalidomide disaster during 1959 – 1961 reached 
such proportions that not only was the drug with-
drawn from the market worldwide, but there was also 
a public outcry on the lack of controls on human 
medicinal products in Europe. 

authorisations granted by SwissMedic are not viewed 
as EU authorisations because Switzerland is not a 
participating Member of the EU. 

 The Treaty of Lisbon (2009) provided further and 
more effi cient tools for the management of the Union 
following the enlargement, and ensured democratic 
processes and legitimacy of its actions.  

European  pharmaceutical legislation

 The EU has a set of legal instruments known as either 
the Regulations or the Directives adopted by the 
European Parliament and/or the Council of the Euro-
pean Union, depending on the matter these instru-
ments are addressing. In addition, the European 
Commission can adopt Commission Regulations and 
Directives as implementing measures, and issue com-
munications to clarify its legal understanding of the 
legislation or requirements. There are also guidelines 
issued by various EU regulatory bodies. 

 A Regulation is a legal instrument that has a 
general application; it is binding in its entirety and is 
directly applicable in all Member States. As  ‘ European 
Union laws ’ , Regulations must be complied with fully 
by those to whom they are addressed (individuals, 
Member States, EU institutions). Regulations do not 
require a national act to transpose them into the 
national legislation, on the basis of their publication 
in the Offi cial Journal of the European Union . Regula-
tions serve to ensure the uniform application of EU 
law in all Member States and prevent the application 
of incompatible national rules. National laws and 
administrative provisions are permissible only in so 
far as they are provided for in Regulations, or are 
otherwise necessary for the effective implementation 
of the Regulations. National implementing provi-
sions may not amend or amplify the scope and effec-
tiveness of Regulations. 

 A Directive is a legal instrument that is binding, as 
to the result to be achieved, upon each Member State 
to whom it is addressed. However, the national 
authorities are left the choice of form and methods 
to achieve their objectives. Directives may be ad -
dressed to individual, several or all Member States. In 
order to ensure that the objectives laid down in Direc-
tives become applicable to individual citizens, an act 
of transposition by national legislators is required. 
Individual citizens are given rights and bound by the 
legal act when the Directive is incorporated into 
national law. 
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priori regulatory control of drugs to be marketed for 
clinical use. In the UK, a voluntary system of control 
that was introduced in 1963 gave way to a system of 
statutory controls effective from September 1971 (the 
Medicines Act of 1968) and the establishment of a 
Licensing Authority. 

 At the European level, Council Directive 65/65/
EEC was adopted on 26 January 1965 and its primary 
aim was to safeguard public health, as set out in its 
preamble. However, this aim was underpinned by the 
economical principles of the Common Market. 

 The regulatory defi nition of a medicinal product 
defi ned the scope of this Community - wide legisla-
tion. A medicinal product was defi ned as any sub-
stance or combination of substances presented for 
treating or preventing disease in human beings or 
animals or that may be administered to human 
beings or animals with a view to making a medical 
diagnosis or to restoring, correcting or modifying 
physiological functions in human beings or animals. 
Substance was further defi ned as any matter that may 
be of human, animal, vegetable or chemical origin. 

 A medicinal product was only to be placed on the 
market when the competent authority of a Member 
State had issued a marketing authorisation for its own 
territory (national authorisation) or, through subse-
quent legislations, when the EC had granted an 
authorisation for the entire Community (Commu-
nity authorisation). 

 Subsequent to Directive 65/65/EEC, four other key 
legislations were adopted.
1.     Directive 75/318/EEC of 20 May 1975 introduced 
the requirements relating to analytical, pharmaco-
toxicological and clinical standards and protocols in 
respect of the testing of proprietary medicinal prod-
ucts in order to establish their quality, safety and 
effi cacy.  
2.     Directive 75/319/EEC of 20 May 1975 established 
at Community level an approval Committee, the 
Committee for Proprietary Medicinal Products (now 
referred to as  ‘ old ’  CPMP) and introduced the multi-
state procedure (a forerunner of the mutual recogni-
tion procedure).  
3.     Decision 75/320/EEC of 20 May 1975 set up a 
Pharmaceutical Committee.  
4.     Directive 87/22/EEC of 22 December 1986 intro-
duced the concertation procedure (forerunner of the 
centralised procedure) relating to the placing on the 
market of high technology medicinal products, par-
ticularly those derived from biotechnology.    

 The  ‘ old ’  CPMP met on 26 November 1976 for the 
fi rst time and on 13 – 14 December 1994 for the last 

 Just before the tragedy, in France, 4 million cap-
sules containing diethyltin diiodide were distributed 
during 1954 under the name of Stalinon for the treat-
ment of staphylococcal infections. In 1954 – 1957, a 
formulation error resulted in 102 deaths from neuro-
toxicity and 100 patients affected by paraplegia, and 
led to new regulatory requirements published in Feb-
ruary 1959 by the French Health Authority. The 
manufacturers had to have recourse to an offi cially 
appointed expert committee for the overview of the 
registration fi le. There was the need to provide evi-
dence of the therapeutic interest of the product and 
of its safety under normal conditions of use as well 
as of the manufacturing process associated with ade-
quate testing to guarantee the quality of the product 
on an industrial scale. Not surprisingly, thalidomide 
was not marketed in France which was spared the 
tragedy. 

 The evaluation of marketed medicines in Germany 
from 1911 was the responsibility of the Congress 
of Internal Medicine, later known as Medicines 
Commission of the German Medical Profession 
(Arzneimittelkommission der deutschen  Ä rzte-
schaft). During 1958 – 1961, the Commission, which 
had then become the Scientifi c Expert Committee of 
the German Medical Association, reinforced the 
request for the submission of adverse drug reactions 
following the thalidomide birth defect tragedy. In 
1961, the First German Medicines Act was passed 
and, in 1963, an adverse drug reaction form was 
introduced, to be forwarded to the Federal Board of 
Health. 

 The USA was essentially spared the thalidomide 
tragedy because of the concerns the Food and Drug 
Administration (FDA) had regarding the neurotoxic-
ity of thalidomide  [6] . This had resulted in the appli-
cation being stalled in the USA. The US Federal Pure 
Food and Drugs Act (1906) and the Federal Food, 
Drug and Cosmetic Act (1938) were already in place 
but following the thalidomide tragedy in Western 
Europe, a subsequent New Drug Amendment (the 
Kefauver – Harris Amendment), in 1962, called for the 
FDA to monitor all stages of drug development. As a 
result, investigational drugs required comprehensive 
animal testing before extensive human clinical trials 
could be started. Under the Kefauver – Harris Amend-
ment, proof of effi cacy and safety was mandatory and 
the time constraints on the FDA for disposition of 
new drug applications were removed. 

 The thalidomide disaster was to provide the stimu-
lus to the introduction, for the fi rst time in most of 
Western Europe and elsewhere in the world, of a 
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down by law, Regulation or administrative action 
relating to proprietary medicinal products.  
12.     Council Directive 89/381/EEC of 14 June 1989 
on products derived from human blood or human 
plasma.  
13.     Council Directive 91/356/EEC of 13 June 1991 
on Good Manufacturing Practice (GMP).  
14.     Council Directive 92/25/EEC of 31 March 1992 
on wholesale distribution.  
15.     Council Directive 92/26/EEC of 31 March 1992 
on classifi cation for supply.  
16.     Council Directive 92/27/EEC of 31 March 1992 
on labelling and package leafl ets.  
17.     Council Directive 92/28/EEC of 31 March 1992 
on advertising.  
18.     Regulation (EEC) No 1768/92 of 18 June 1992 
concerns the creation of a supplementary protection 
certifi cate for medicinal products, which thereby 
extended the patent protection for a medicinal 
product.  
19.     Council Directive 92/73/EEC of 22 September 
1992 on homeopathic medicinal products.  
20.     Council Directive 93/39/EEC of 14 June 1993 
which provided that in the event of a disagreement 
between Member States about the quality, safety or 
effi cacy of a medicinal product that is the subject of 
the decentralised Community authorisation proce-
dure, the matter should be resolved by a binding 
Community Decision following a scientifi c evalua-
tion of the issues involved.    

 A number of these Directives were amended sub-
sequent to their initial adoption. Therefore, in the 
interests of clarity and rationality, they were assem-
bled in a single text, Directive 2001/83/EC of 6 
November 2001, codifying 65/65/EEC, 75/318/EEC 
and 75/319/EEC  –  the three key legislations  –  and 
including the latest versions of the Directives.  

Legislation from January 1995 to May 2004 
 In order to achieve wider and deeper harmonisation 
within the Member States, steps were taken in early 
1990s to introduce more sweeping pharmaceutical 
legislation and procedures that became effective on 1 
January 1995. 

 Council Regulation (EEC) No 2309/93 of 22 July 
l993 laid down Community procedures for the 
authorisation and supervision of medicinal pro -
ducts for human and veterinary use: the so - called 
centralised procedures. Its Article 1 established a 
European Agency for the Evaluation of Medicinal 
Products (EMEA) and Article 5 established a  ‘ new ’  
CPMP. 

time. Its Opinions were not binding on the Member 
States. 

 Since the above legislative requirements in the EU, 
further stringent legislation and requirements have 
been adopted concerning the development of a 
medicine, the data necessary for its approval, its pro-
motion and monitoring of safety during the post -
 marketing period (pharmacovigilance). Some of the 
key legislation and EC communications are listed 
below.

1.     Council Directive 78/25/EEC of 12 December 
1977 on colouring matters that may be added to 
medicinal products.  
2.     Commission Communication on parallel 
imports of proprietary medicinal products for 
which marketing authorisations have already been 
granted.  
3.     Council Directives 83/570/EEC of 26 October 
1983 introduced the purpose and scope of Summary 
of Product Characteristics (SmPC).  
4.     Council Directive 86/609/EEC of 24 November 
1986 on the protection of animals used for experi-
mental and other scientifi c purposes.  
5.     Council Directives 87/18/EEC of 18 December 
1986 and 88/320/EEC of 9 June 1988 on Good Labo-
ratory Practice (GLP).  
6.     Council Directive 87/19/EEC of 22 December 
1986 amending Directive 75/318/EEC relating to 
analytical, toxico - pharmacological and clinical 
standards and protocols in respect of the testing of 
proprietary medicinal products.  
7.     Council Directive 87/21/EEC of 22 December 
1986 amended Directive 65/65/EEC on the approxi-
mation of provisions relating to proprietary medici-
nal products.  
8.     Council Directive 89/105/EEC of 21 December 
1988 relating to the transparency of measures regu-
lating the pricing of medicinal products for human 
use and their inclusion within the scope of national 
health insurance systems and Commission Com-
munication on the compatibility with Article 30 of 
the EEC Treaty of measures taken by Member States 
relating to price controls and reimbursement of 
medicinal products.  
9.     Council Directive 89/342/EEC of 3 May 1989 on 
immunologicals (vaccines, toxins or serums and 
allergens).  

10.     Council Directive 89/343/EEC of 3 May 1989 on 
radiopharmaceuticals.  
11.     Council Directive 89/341/EEC of 3 May 1989 
amending Directives 65/65/EEC, 75/318/EEC and 
75/319/EEC on the approximation of provisions laid 
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1.     Commission Regulation (EC) No 540/95 of 10 
March 1995 laid down the arrangements for report-
ing suspected unexpected adverse reactions that are 
not serious to medicinal products for human or vet-
erinary use authorised in accordance with the provi-
sions of Council Regulation (EEC) No 2309/93.  
2.     Commission Regulation (EC) No 541/95 and No 
542/95 of 10 March 1995 harmonised the examination 
of variations to the terms of a marketing authorisation 
granted by a competent authority of a Member State, 
and the Community authorisations falling within 
the scope of Council Regulation (EEC) No 2309/93, 
respectively. Later, the EC also introduced two updated 
Regulations dealing with examination of variations: 

    •      Commission Regulation (EC) No 1084/2003 of 
3 June 2003; and  
   •      Commission Regulation (EC) No 1085/2003 of 
3 June 2003.    

3.     Commission Regulation (EC) No 1662/95 of 7 
July 1995 laid down certain arrangements for imple-
menting the Community decision - making proce-
dures in respect of marketing authorisations for 
products for human or veterinary use, establishing 
the Standing Committees.  
4.     Directive 2001/83/EC was also subsequently 
amended by: 

    •      Directive 2002/98/EC of 27 January 2003, setting 
standards of quality and safety for the collection, 
testing, processing, storage and distribution of 
human blood and blood components;  
   •      Commission Directive 2003/63/EC of 25 June 
2003 provided for an update of the Annex 1, i.e. 
the requirements for the dossier, which had to be 
submitted in the Common Technical Document 
(CTD) format. A broad overview of the CTD is 
shown in Chapters  20  and  23 . The introduction 
of the CTD in compliance of ICH, replaced the 
previous format of the dossier which consisted of 
Parts I – IV. The non - clinical and clinical overviews 
and summaries replaced the Expert Reports. The 
objectives behind the CTD were to harmonise 
the requirements and format of submissions in 
ICH regions, acknowledging that drug develop-
ment is global.  
   •      Directive 2004/24/EC of 31 March 2004 as 
regards traditional herbal medicinal products, 
established the HMPC  –  which followed a Herbal 
Medicinal Products Working Party.       

Orphan medicines legislation
 Rare diseases were called  ‘ orphan ’ , as pharmaceutical 
companies were not developing medicines to treat 

 The EMEA began its activities on 1 February 1995 
and was the administrative and scientifi c secretariat, 
working in close liaison with national authorities of 
the Member States. The EMEA included two, then 
four scientifi c Committees of the EU on human as 
well as veterinary pharmaceuticals:
1.     Committee for Proprietary Medicinal Products 
(CPMP);  
2.     Committee for Medicinal Products for Veterinary 
Use (CVMP);  
3.     Committee for Orphan Medicinal Products 
(COMP) since 2000; and  
4.     Committee for Herbal Medicinal Products 
(HMPC) since 2004.    
 The activities of the EMEA were supported by Com-
munity subsidies and fees payable to the EMEA, 
which were mandated by Council Regulation (EC) 
No 297/95 of 10 February 1995. 

Human Medicines Authorisation 
 The  ‘ new ’  CPMP was responsible for formulating sci-
entifi c Opinions to the EC on any question concern-
ing, the granting, variation, suspension or withdrawal 
of an authorisation to place a medicinal product for 
human use on the market, pharmacovigilance and 
the admissibility of the fi les submitted in accordance 
with the so - called centralised procedure in accord-
ance with the provisions of the Regulation. The 
CPMP was also responsible for arbitration (via  ‘ refer-
ral ’  procedures) on differences among the Member 
States on a whole range of issues. The CPMP met for 
the fi rst time in January 1995 at which Professor J - M. 
Alexandre (France) was elected as its fi rst chairman. 
It was constituted of two members, each with voting 
rights, from each of the 15 Member States, In addi-
tion, the CPMP included members appointed by 
Norway and Iceland, the EEA - EFTA States since 2000. 
Liechtenstein did not appoint representatives. The 
EEA - EFTA members participated in the discussions 
but were excluded from the voting process. On com-
pletion of his two 3 - year terms, Professor Alexandre 
was succeeded in January 2001 by Dr Daniel Brasseur 
(Belgium). The last meeting of this  ‘ new ’  CPMP took 
place on 20 – 22 April 2004. Following a further review 
of the legislation in 2001 as part of the preparations 
for the enlargement of the EU on 1 May 2004, the 
functions of the CPMP were transferred to the Com-
mittee for Medicinal Products for Human Use 
(CHMP) (see later) effective from 1 June 2004. 

 The pharmaceutical legislation in the EU was 
further strengthened during the period January 1995 
to April 2004.
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ity with GMP, quality assurance system, personnel, 
premises and equipment, documentation, produc-
tion, quality control, work contracted out, com-
plaints, product recall and emergency unblinding of 
the blinded product(s) in a clinical trial, self -
 inspection and labelling.  

Review 2001 
 A review of the pharmaceutical legislation was 
planned in 2001: Article 71 of Regulation (EEC) No 
2309/93 required that  ‘ Within 6 years of the entry 
into force of this Regulation, the Commission shall 
publish a general report on the experience of the 
procedures laid down in this Regulation, in Chapter 
III of Directive 75/319/EEC and in Chapter IV of 
Directive 81/851/EEC. ’  

 The full report from this evaluation performed by 
the consultancy Cameron McKenna, dated October 
2000,  Evaluation of the Operation of European Union 
Procedures for the Authorisation of Medicinal Products , 
made a large number of recommendations for the 
reform of EU pharmaceutical legislation. Following 
extensive discussions among all interested parties, the 
EC proposed a reform in March 2004, which was 
adopted by the European Parliament and the Council. 
The introduction of the new legislation just preceded 
the accession to the EU of 10 new Member States on 
1 May 2004.   

Legislation following the 2001 Review 
1.     The EU code relating to medicinal products for 
human use (the amended codifi ed Directive 2001/83/
EC) was further amended by Directive 2004/27/EC of 
the European Parliament and of the Council of 31 
March 2004, which concerned a variety of matters 
and also included borderline substances and generic 
products.  
2.     Regulation (EC) No 726/2004 of the European 
Parliament and of the Council of 31 March 2004 laid 
down Community procedures for the authorisation 
and supervision of medicinal products for human 
and veterinary use and establishing a European Medi-
cines Agency  –  thus replaced Regulation (EEC) No 
2309/93.    

 In particular, Article 55 of Regulation (EC) No 
726/2004 created the EMA, comprising of a Manage-
ment Board, an Executive Director and a scientifi c, 
technical and administrative secretariat, as well as 
four scientifi c advisory Committees (CHMP, CVMP, 
COMP and HMPC). The former EMEA became the 
European Medicines Agency, later abbreviated as 
EMA. Three further Committees were established 

these diseases due to the lack of expected return on 
investment. Following the success of the US Orphan 
Drug Act passed in 1983, which introduced commer-
cial incentives to the development of effective thera-
pies, a number of countries introduced similar 
legislation (Japan in 1993 and Australia in 1998). In 
1999, the EU also passed legislation relating to this 
important area of public health needs: Regulation 
(EC) No 141/2000 of the European Parliament and 
of the Council of 16 December 1999 on orphan 
medicinal products. This is concerned with the 
purpose, defi nitions, criteria for designation of a 
medicinal product as orphan, and with the establish-
ment of the COMP of the EMA, procedures, provi-
sion of protocol assistance, access to centralised 
procedure of EU marketing authorisation, market 
exclusivity and other incentives. The implementing 
Regulation, Commission Regulation (EC) No 
847/2000 of 27 April 2000, laid down the defi nitions 
of the concepts of  ‘ similar medicinal product ’  and 
 ‘ clinical superiority ’ .  

Clinical trials legislation
 With a view to harmonising the authorisation and 
conduct of clinical trials across the EU, Directive 
2001/20/EEC was formally adopted in May 2001 with 
a 3 - year transposition period. 

 The EU Clinical Trials Directive contains specifi c 
provisions regarding Good Clinical Practice and the 
conduct of clinical trials, including multicentre trials, 
for the protection of human subjects (see Chapter 
 18 ). The European Commission is in the process of 
reviewing this legislation in 2012.  

Good Manufacturing Practice  legislation
 In 2003, the provisions of Commission Directive 
91/356/EEC on GMP were extended to accommodate 
the Directive on clinical trials. Directive 91/356/EEC 
was replaced by Directive 2003/94/EC of 8 October 
2003 laying down the principles and guidelines of 
GMP in respect of medicinal products for human use 
and investigational medicinal products for human 
use. This new Directive lays down the principles and 
guidelines of GMP in respect of medicinal products 
for human use whose manufacture requires the 
authorisation referred to in Article 40 of Directive 
2001/83/EC and in respect of investigational medici-
nal products for human use whose manufacture 
requires the authorisation referred to in Article 13 of 
Clinical Trials Directive 2001/20/EC. This GMP 
Directive deals with issues relating to inspections, 
compliance with marketing authorisation, conform-
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fourth component  –  in addition to the prevailing 
defi nition which defi ned risk to public health in 
terms of the quality, safety and effi cacy of the product, 
the revised legislation required a risk assessment of 
any undesirable effects and impact on the environ-
ment from use of the product. Under Article 26, the 
grounds for refusing a marketing authorisation were 
amended and included a refusal if the risk – benefi t 
balance of the product was not favourable (although 
in practice this principle had been applied previ-
ously), if the therapeutic effi cacy was insuffi ciently 
substantiated or if its qualitative and quantitative 
composition was not as declared. The application 
could also be refused if the documents were not sub-
mitted in accordance with the requirements set out 
in the Directive. The MAH or the applicant became 
responsible for the accuracy of the data and docu-
mentation submitted. 

 Article 1(i) of Directive 2004/27/EC defi ned the 
risk – benefi t balance as an evaluation of the positive 
therapeutic effects of the product in relation to the 
risks to patients ’  or public health. The risk – benefi t 
balance should be continuously assessed by the com-
petent authority, if necessary by requesting relevant 
data from MAHs. The environmental component, 
however, cannot be the sole basis for refusing the 
marketing authorisation. 

 The Directive was regarded as helpful in stim-
ulating the generics industry. The defi nition of a 
generic medicine, the concept of a European refer-
ence product, restrictions on withdrawals of market-
ing authorisation applications, the decentralised 
procedure, the option to use the centralised proce-
dure for generics, an innovative legal framework 
for similar biological medicinal products (biosimi-
lars) and the possibility for generics to apply for mar-
keting authorisation 2 years before the expiry of 
market protection were all regarded as facilitating 
access of generics to the market once the appropriate 
period of reference product data exclusivity had 
expired. 

 To harmonise data protection, Article 10 of the 
revised legislation provides for 10 years ’   market 
protection  following the initial authorisation of the 
reference (innovator) product that is authorised 
under Articles 6 and 8 of the codifi ed Directive. 
Applicants for generics may submit applications 
based on abridged dossiers as early as 8 years (the 
data exclusivity  period) from the date of initial 
authorisation of the innovative reference product; 
however, they may not place their products on the 
market until the 10 - year period has elapsed. 

recently [Paediatric Committee (PDCO), Committee 
on Advanced Therapies (CAT) and Pharmacovigi-
lance Risk Assessment Committee (PRAC)].
3.     Directive 2008/29/EC of 11 March 2008 modifi ed 
the Comitology procedures.  
4.     Regulations (EC) No 1901/2006 and 1902/2006 of 
12 December 2006 concerned medicinal products for 
paediatric use.  
5.     Regulation (EC) No 1394/2007 of 13 November 
2007 concerned advanced therapy medicinal 
products.  
6.     Regulation (EU) No 1235/2010 of 15 December 
2010 and Directive 2010/84/EU of 15 December 2010 
concerned pharmacovigilance.    

 The EU legislation on medicinal products for 
human use is compiled in Volume 1 of  The rules 
governing medicinal products in the European Union
and can be accessed at:  http://ec.europa.eu/health/
documents/eudralex/vol - 1/index_en.htm . 

Summary of the changes introduced  since 2004 
 A number of products that were outside the scope of 
the original Directive 65/65/EEC, such as radiophar-
maceuticals and homeopathic medicines, were grad-
ually brought within the scope of pharmaceutical 
legislation. In Directive 2004/27/EC, the defi nition of 
a medicinal product included:
1.     any substance or combination of substances pre-
sented as having properties for treating or preventing 
disease in human beings; or  
2.     any substance or combination of substances that 
may be used in or administered to human beings 
either with a view to restoring, correcting or modify-
ing physiological functions by exerting a pharmaco-
logical, immunological or metabolic action, or to 
making a medical diagnosis.    

 A new provision was added to remove any uncer-
tainties, which stated:  ‘ In cases of doubt, where, 
taking into account all its characteristics, a product 
may fall within the defi nition of a product covered by 
other Community legislation the provisions of this 
Directive shall apply. ’  Where doubt exists over 
whether a product  –  those on the  ‘ borderline ’  between, 
for example, medicines and medical devices, medi-
cines and cosmetics, medicines and food supple-
ments  –  should be regulated under medicines 
legislation or a legislation enforced by another sector, 
the stricter medicines regulatory regime should apply. 

 The amendments to Directive 2001/83/EC can be 
summarised as follows. 

 The defi nition of  ‘ risks related to use of the medici-
nal product ’  was changed. The defi nition included a 
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ation, either temporarily or permanently. This latter 
notifi cation typically should be made no less than 2 
months before the interruption of the supply. Any 
authorisation that is not followed by placing on the 
market within 3 years (or that is not present on the 
market for 3 years) shall cease to be valid (so - called 
sunset clause). Member States may grant exemptions 
from the 3 - year rule, if justifi ed on public health 
grounds. 

 Under Article 24, only a single renewal of the mar-
keting authorisation is required when the product has 
been authorised for 5 years. A second 5 - year renewal 
may be required if there are pharmacovigilance 
grounds. 

 Article 126a allows a Member State to authorise on 
public health grounds the marketing of a product on 
its territory even if the MAH has not made an appli-
cation for an authorisation to that competent author-
ity. It requires, nonetheless, that the authorising 
Member State ensures that the following require-
ments of the legislation can still be met: titles V (leaf-
lets and labels), VI (classifi cation), VIII (advertising), 
IX (pharmacovigilance) and XI (supervision and 
sanctions). This clause is typically utilised in Member 
States to resolve supply diffi culties whereby due to 
commercial reasons a MAH decides not to place its 
product on the market. So far only Cyprus made use 
of this article.  

Micro,  small and medium-sized
enterprises legislation
 Article 70.2 of Regulation (EC) No 726/2004 intro-
duced a provision for fi nancial and administrative 
assistance for micro, small and medium - sized (phar-
maceutical) enterprises (SMEs) and created the 
Offi ce. Commission Regulation (EC) No 2049/2005 
of 15 December 2005 is an implementing regula -
tion laying down rules regarding administrative 
assistance and fi nancial incentives for SMEs from 
the EMA.  

Paediatric  medicines legislation
 The lack of medicines for children had long attracted 
the attention of the EC since 1997 when the EC 
organised at the EMA a round - table conference of 
experts to discuss paediatric medicines. One of the 
conclusions at that time was that there was a need for 
legislation, in particular by introducing a system of 
incentives. 

 In 1998, the Commission supported the need 
for international discussion on the performance of 

 The 10 - year period of  market exclusivity  may be 
extended to a maximum of 11 years if, during the fi rst 
8 years from the date of initial authorisation, the 
MAH obtains an authorisation for one or more new 
therapeutic indications that are deemed to bring a 
signifi cant clinical benefi t in comparison with exist-
ing therapies. Whether a new indication represents 
a signifi cant clinical benefi t, and hence whether 
the product qualifi es for an additional year of market 
exclusivity, will be evaluated as part of the prod -
uct assessment and will be included in the assess -
ment report. New indications may be added 
post - authorisation either within centralised market-
ing authorisations, in which case the CHMP will 
determine the signifi cance of the new indication, or 
within national authorisations, in which case the 
national competent authorities (NCAs) will deter-
mine its signifi cance under the co - ordination of the 
Reference Member States (RMS) as appropriate. The 
relevant guidance can be found at:  http://ec.europa.eu/
health/documents/eudralex/vol - 2/index_en.htm.  

 With regard to generic medicines, the fi nal para-
graph of Article 11 states that for authorisations 
under Article 10, those parts of the SmPC of the refer-
ence product referring to indications or dosage forms 
that are still covered by patented indications (the so -
 called usage patent) at the time when a generic medi-
cine is marketed need not be included. For centrally 
approved reference product, the EC will issue sepa-
rate marketing authorisations to refl ect the change in 
indications at the Member State(s) level. This provi-
sion will allow the authorisation of generic products 
with indications that may vary between Member 
States to take account of usage patents in force in 
certain Member States. Some Member States would 
only accept an authorisation of the generic with those 
indications that did not have a usage patent anywhere 
in the EU; other Member States, including the UK, 
accept the omission of certain indications and dosage 
forms. In any case, it is not permissible to omit associ-
ated warnings or contraindications where those are 
important for the protection of public health. 

 Articles 21(3) and 21(4) oblige the competent 
authorities to make publicly available or accessible 
without delay the marketing authorisation, SmPC, 
assessment report and reasons for the Opinion after 
deletion of commercially confi dential information. 
Under Article 23a, after a marketing authorisation 
has been granted, the holder of the authorisation 
must inform the competent authority of the author-
ising Member State, or the EMA, of the date of actual 
marketing (placing on the market) or any discontinu-
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quality and effi cacy, supervision and pharmacovigi-
lance of medicinal products for human and veteri-
nary medicinal products, orphan designation and 
agreement on paediatric investigation plans (PIPs) or 
Waivers. It is responsible for SME assignment through 
its SME Offi ce. The EMA has access to about 4000 
European experts. As a decentralised agency of the 
EU with offi ces at 7 Westferry Circus, Canary Wharf, 
London E14 4HB, UK, it is not part of the European 
Commission. 

 The EMA, in collaboration with its scientifi c com-
mittees, adopts Opinions which are ratifi ed into 
binding Decisions by the EC. The EC must justify its 
decisions should these be at variance with the Opin-
ions of the EMA. 

 The Executive Director, currently Professor Guido 
Rasi (Italy), is the Agency ’ s legal representative and is 
ultimately responsible for all decisions of the EMA. 
His duties are set out in Regulation (EC) No 726/2004 
and the Agency is supervised by a management board 
to which he reports. Professor Rasi succeeded Thomas 
L ö ngrenn (Sweden) 2000 – 2010, himself succeeding 
Fernand Sauer (France) 1994 – 2000. 

 The staffi ng of the EMA has increased from 67 in 
1995 to 552 in 2011 (in addition to 200 contract 
agents, interims, trainees and national experts sec-
onded to the Agency). The Agency ’ s total budget was 
just about 1 200 million in 2010 compared with just 
over  1 14 million in 1995. Since early 1996, the pro-
portion of the budget represented by fees has been 
increasing progressively and in 2010 it was about 80% 
of the EMA income, the rest coming from EU subsidy. 
About one - third of the EMA budget is paid to the 
national authorities of the Member States, who 
provide expertise on a contract basis at the request of 
the EMA. In 2010, this amounted to approximately 
1 70 million. 

 The Executive Director is supported by a legal 
team, a senior medical offi cer, executive support staff, 
integrated quality management and audit team, and 
fi ve Heads of Unit report to him. 

Structure 
 The fi ve EMA Units include two concerned with 
evaluation of human medicines.
1.     Human Medicines Development and Evaluation 
Unit including three sectors: 

    •      Special areas: Scientifi c Advice, Paediatrics, 
Orphan Medicines, SME Offi ce, and Scientifi c 
Support and Projects;  
   •      Quality of Medicines; and  
   •      Safety and Effi cacy of Medicines.    

clinical trials to develop medicines in children, in the 
context of the ICH and an ICH guideline (E11) was 
therefore agreed. 

 Aware of the unmet medical needs of the paediat-
ric population, the CHMP created an ad hoc Paedi-
atric Expert Group in 2000. With the implementation 
of Regulation (EC) No 726/2004, the Paediatric 
Expert Group was transformed into a temporary Pae-
diatric Working Party in 2005. 

 In parallel, the Clinical Trials Directive 2001/20/EC 
took into account some specifi c concerns about per-
forming clinical trials in children, and in particular it 
laid down standards for their protection in clinical 
trials. 

 Regulation (EC) No 1901/2006 of the European 
Parliament and of the Council, as further amended 
by Regulation (EC) No 1902/2006 of 20 December 
2006, was adopted to facilitate the development and 
availability of medicinal products for use in the pae-
diatric population, to ensure that medicinal products 
used to treat this group are subject to ethical research 
of high quality and are appropriately authorised for 
use in children, and to improve the information avail-
able on the use of medicinal products in various 
subsets of the paediatric population. 

 The new pharmacovigilance legislation is pre-
sented in Chapter  20 .    

European Medicines Agency 

 Established by Regulation (EC) No 726/2004, the 
EMA includes a secretariat, scientifi c committees and 
a management board. As far as medicinal products 
for human use are concerned, the EU is served by 
fi ve scientifi c advisory Committees (CHMP, COMP, 
HMPC, PDCO and CAT) with a sixth one, the PRAC, 
to be established in 2012. These Committees include 
representation from each Member State and are a 
part of the EMA. All these Committees have an advi-
sory role to the European Commission, which takes 
administrative decisions; the PDCO is the exception 
as it also advises the EMA Executive Director who 
takes all Decisions on Paediatric Investigation Plans 
or Waivers. 

European Medicines Agency Secretariat 
 The EMA, being the scientifi c, administrative and 
technical secretariat, is responsible for coordinating 
the scientifi c resources of the Member States for the 
provision of scientifi c advice, evaluation of safety, 
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and from amongst its members for a term of 3 years, 
which may be renewed once. The chairman loses 
the right to vote and is replaced by a new member. 
Additional members and alternates are appointed 
by the EEA - EFTA States (Norway and Iceland), but 
they may not be elected chairperson or vice -
 chairperson of the Committees, and may not vote. 
Any member is appointed for a term of 3 years, and 
can be renewed. 

 Each national competent authority is expected to 
monitor the level and independence of the evaluation 
carried out and to facilitate the activities of nomi-
nated members and experts. Members States are 
expected to refrain from giving Committee members 
and experts any instruction that is incompatible with 
their own individual tasks or with the tasks and 
responsibilities of the Agency. 

 The quorum required for the adoption of Scientifi c 
Opinions by the any of these Committees shall be 
reached when two - thirds of the members of the 
Committee eligible to vote are present. The votes shall 
be positive or negative. The positions of the members 
from the EEA - EFTA States shall be stated separately 
in the Opinion, and, in case of divergent Opinions, 
these positions shall be appended to the Committee ’ s 
Opinion. 

 Whenever possible, Scientifi c Opinions or recom-
mendations of the Committee shall be taken by con-
sensus. If such a consensus cannot be reached, the 
Scientifi c Opinion or recommendation will be 
adopted if supported by an absolute majority of the 
members of the Committee, i.e. favourable votes 
by at least half of the total number of Committee 
members eligible to vote (not necessarily present on 
the day), plus one. In contrast, the COMP requires a 
majority of two - thirds for an Opinion to be adopted. 
In the event of no majority position, the Committee ’ s 
Opinion is deemed to be negative. Divergent posi-
tions and grounds for such divergent positions with 
the names of the members shall be mentioned in the 
Opinion of the Committee and will be made available 
to the public. 

Committee for Medicinal Products for Human Use 
 The CHMP consists of one member and one alternate 
appointed by each of the EU Member States and an 
elected chairperson. The appointment of members 
takes place after consultation of the EMA Manage-
ment Board. As permitted by the Regulation, the 
Committee, in order to complement its expertise, 
appoints fi ve co - opted members on the basis of their 
specifi c scientifi c competence. The expertise of the 

2.     Patient Protection Unit including four sectors: 
    •      Regulatory Affairs, Community Procedures and 
Committee Management;  
   •      Pharmacovigilance, Risk management;  
   •      Medical Information;  
   •      Compliance and Inspections.    

3.     Veterinary Medicines and Product Data Manage-
ment Unit.  
4.     Communications and Networking Unit.  
5.     Administration Unit.     

The SME Offi ce 
 The SME Offi ce has a dedicated structure within the 
Special Areas Sector, and was established on 15 
December 2005 to provide a single interface between 
the SMEs and the EMA. The primary aim of the SME 
initiative is to provide additional support to smaller 
businesses, to promote innovation and the develop-
ment of new medicinal products for human or vet-
erinary use. As of December 2010, 507 undertakings 
were assigned SME status. The large majority of com-
panies are developing medicinal products for human 
use. ( http://www.ema.europa.eu/ema/index.jsp?curl =
pages/regulation/general/general_content_000059.
jsp & mid = WC0b01ac05800240cc ). 

 The incentives available to SMEs include:
1.     administrative and procedural assistance;  
2.     fee exemptions for certain administrative services;  
3.     fee reductions;  
4.     deferral of fee for application for marketing 
authorisation or inspection;  
5.     conditional fee exemption; and  
6.     translations of product information.    

 A user guide on the administrative and procedural 
aspects of medicines legislation that are of particular 
relevance to smaller companies was published in 2006 
and revised in December 2010 ( http://www.ema.
europa.eu/pdfs/SME/43039908en.pdf ).   

Committees and other expert groups 
 The common elements of Committees ’  structure and 
procedures are presented below. However, each has its 
own specifi cities. 

 Members and alternates of the scientifi c Commit-
tees are appointed by Member States. Additional 
members representing patients and health profes-
sionals are appointed by the European Commission 
and present in all Committees, except the CHMP and 
the HMPC. The alternates represent and may vote for 
the members in their absence and can also act as rap-
porteurs in their own right. The chairperson and 
vice - chairperson of these Committees are elected by 



Human medicinal products in the EU: Regulations, Directives and structures 371

2.     Preparation of scientifi c and regulatory guidelines 
for the pharmaceutical industry and evaluators; and  
3.     Cooperation with international partners on the 
harmonisation of regulatory requirements for 
medicines.    

 The chairman of the previous CPMP, Dr Daniel 
Brasseur, was elected chairman of CHMP during its 
inaugural meeting on 1 – 3 June 2004. On conclusion 
of his term, he was succeeded by Dr Eric Abadie 
(France) as chairman on 18 June 2007. Dr Abadie was 
re - elected in 2010 for a second term, and resigned in 
April 2012. In September 2012, Dr Tomas Salmonson 
(Sweden) was elected chairman of the CHMP. Details 
of the Rules of Procedure of CHMP can be found 
at  http://www.ema.europa.eu/pdfs/human/regaffair/
4511007en.pdf .  

Committee for Orphan Medicinal Products 
 Designation of orphan medicines is assessed by the 
COMP. The members of the COMP are chosen on 
the basis of their qualifi cations and expertise with 
regard to the evaluation of medicinal products for 
rare diseases. 

 The COMP is constituted of a member from each 
Member State, three members nominated by the EC 
on a proposal from the EMA, and three representa-
tives from patient organisations. COMP members do 
not have alternates. In addition, there may be observ-
ers who do not enjoy any voting rights. 

 The COMP is responsible for reviewing applica-
tions from persons or companies seeking  ‘ orphan 
medicinal product designation ’  for products they 
intend to develop for the diagnosis, prevention or 
treatment of life - threatening or very serious condi-
tions that affect not more than 5 in 10,000 persons in 
the EU. The COMP issues Opinions which are trans-
mitted to the EC for decision. 

 The COMP is also responsible for advising the EC 
on the establishment and development of a policy on 
orphan medicinal products in the EU, and assists the 
EC in drawing up detailed guidelines and liaising 
internationally on matters relating to orphan medici-
nal products. Although the determination of safety 
and effi cacy of an orphan medicinal product at the 
stage of marketing authorisation application are the 
remit of CHMP, it is the remit of COMP to confi rm 
whether the criteria for designation are still met when 
an orphan medicinal product is granted a marketing 
authorisation to benefi t from the market exclusivity. 

 The COMP has access to the expertise of all the 
Expert Working Parties of the EMA, and is highly 
proactive in promoting the development of orphan 

current co - opted members includes medical statis-
tics, pharmacovigilance, pharmacoepidemiology and 
risk management, quality of non - biologic products, 
and quality and safety of biologicals and advanced 
therapies. Co - opted members do not have 
alternates. 

 The task of the CHMP is to prepare the Agency ’ s 
Opinions on all questions concerning medicinal 
products for human use, in accordance with Regula-
tion (EC) No 726/2004. The CHMP has a unique role 
in the marketing procedures for new medicines in 
the EU:
    •      In the EU, or  ‘ centralised ’ , procedure, the CHMP is 
responsible for conducting the assessment of medici-
nal products for which an EU - wide marketing 
authorisation is sought. The CHMP is also responsi-
ble for post - authorisation and maintenance activities, 
including the assessment of any modifi cations or 
extensions (variations) to and safety reviews of the 
existing marketing authorisation.  
   •      In the mutual recognition and the decentralised 
procedures, the CHMP arbitrates in cases where there 
is a disagreement between Member States concerning 
the marketing authorisation of a particular medicinal 
product (arbitration procedure). The CHMP also 
acts in referral cases, initiated when there are con-
cerns relating to the protection of public health or 
where other EU interests are at stake.  
   •      The CHMP also has an important role in EU - wide 
pharmacovigilance activities by assessing the benefi t –
 risk balance of centrally authorised medicines or 
those referred to it, based on a close monitoring 
reports of safety concerns (adverse drug reaction 
reports) and post - authorisation studies and, when 
necessary, making recommendations to the EC 
regarding changes to a product ’ s marketing authori-
sation or the product ’ s suspension or withdrawal 
from the market. In cases where there is an urgent 
requirement to modify the authorisation of a medici-
nal product because of safety concerns, the CHMP 
can issue an urgent safety restriction to inform health 
care professionals about changes as to how or in what 
circumstances the medication may be used. When the 
new Pharmacovigilance Risk Assessment Committee 
is established, it will provide opinions and recom-
mendations to the CHMP, which will have to rely on 
them.    
 Other important activities of the CHMP supported 
by the working parties include:
1.     Provision of assistance to companies researching 
and developing medicines [scientifi c advice through 
its Scientifi c Advice Working Party (SAWP)];  
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a substance with physiological or pharmacological 
activity. Two active substances may only be consid-
ered to have the same mechanism of action provided 
that both share the same pharmacological target and 
pharmacodynamic effect. However, exclusivity may 
be shared by the fi rst applicant consenting to a second 
application from another applicant, or lost if the fi rst 
is unable to meet demand, or if a similar product is 
found to be clinically superior. The market exclusivity 
ends if the criteria are no longer met or be reduced 
to 6 years if, at the end of 5 years, a Member State can 
show that the product is (excessively) profi table. Such 
a reduction has never been requested so far.  

Committee for Herbal Medicinal Products 
 The HMPC was established in September 2004, 
replacing the CPMP Working Party on Herbal Medic-
inal Products, which itself followed an ad hoc 
Working Group on Herbal Medicinal Products set up 
in May 1997. 

 The HMPC is composed of members and alter-
nates with expertise in the fi eld of herbal medicinal 
products, appointed by Member States. Up to fi ve 
additional members may be co - opted to contribute 
additional expertise to the HMPC. Currently, the 
Committee has co - opted members with expertise 
in clinical pharmacology, experimental/non - clinical 
pharmacology, toxicology, paediatric medicine and 
general and family medicine. The HMPC has observ-
ers from the European Directorate for the Quality of 
Medicines. 

 The activities of the HMPC are aimed at assisting 
the harmonisation of procedures and provisions con-
cerning traditional herbal medicinal products laid 
down in EU Member States, and further integrating 
herbal medicinal products in the European regula-
tory framework. As part of these objectives, the 
HMPC provides EU Member States and European 
institutions with its Scientifi c Opinion on questions 
relating to herbal medicinal products. Core tasks 
include the establishment of a  ‘ European Union list 
of herbal substances, preparations and combinations 
thereof for use in traditional herbal medicinal prod-
ucts ’ , as well as the establishment of EU herbal mono-
graphs. Both monographs and list entries are designed 
to facilitate access to market of both traditional and 
well - established use herbal medicinal products via 
either national, mutual recognition or decentralised 
procedures (MRP/DCP), as appropriate. 

 The inaugural meeting of the HMPC took place on 
23 – 24 September 2004 and the fi rst chairman was Dr 

medicines and interacting with academia, industry 
and patient groups. 

 The COMP may establish working groups and, 
when necessary, may avail itself of the services of 
experts in specifi c scientifi c or technical fi elds. 

 The COMP held its inaugural meeting in April 
2000 and its fi rst chairman was Professor Josep 
Torrent i Farnell (Spain). On completion of his 
second term in April 2006, he was succeeded by Pro-
fessor Kerstin Westermark (Sweden), who was re -
 elected in 2009 for a second 3 - year term. In September 
2012, Dr Bruno Sepodes (Portugal) was elected chair-
person of the COMP. Details of the Rules of Proce-
dure of COMP can be found at  http://www.ema.
europa.eu/pdfs/human/comp/821200en.pdf . 

 The European legislation on orphan medicines 
provides for a number of incentives: 10 years of 
market exclusivity, provision of protocol assistance 
and reductions of fees for applications and inspec-
tion. There is also reduction of the fee applicable to 
the provision of protocol assistance (i.e. scientifi c 
advice for designated orphan medicines). In 2011, the 
reductions applicable are 75% reduction for protocol 
assistance and follow - up advice but full (100%) for 
SMEs, full (100%) reduction for pre - authorisation 
inspections, 10% reduction for new applications for 
marketing authorisation to applicants other than 
SMEs, full (100%) reduction for new applications for 
marketing authorisation only to SMEs, and full 
(100%) reduction for post - authorisation activities 
including annual fees only to SMEs in the fi rst year 
after granting a marketing authorisation. The funds 
made available by the EU for fee reductions for 
orphan medicinal products amounted to  1 4.5 million 
in 2010. 

 As a consequence of market exclusivity in the EU, 
a Member State must not accept another application 
for a marketing authorisation or grant a marketing 
authorisation or accept an application to extend an 
existing marketing authorisation for the same thera-
peutic indication in respect of a similar medicinal 
product. A  ‘ similar medicinal product ’  means a 
medicinal product containing a similar active sub-
stance or substances as contained in a currently 
authorised orphan medicinal product, and which is 
intended for the same therapeutic indication. A 
 ‘ similar active substance ’  means an identical active 
substance, or an active substance with the same prin-
cipal molecular structural features (but not necessar-
ily all of the same molecular features) and which acts 
via the same mechanism. An  ‘ active substance ’  means 
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fractionation, purifi cation, concentration or fer -
mentation. These include comminuted or powdered 
herbal substances, tinctures, extracts, essential oils, 
expressed juices and processed exudates.  

Paediatric Committee 
 Created by Regulation (EC) No 1901/2006, the PDCO 
is composed of fi ve CHMP members with their alter-
nates, appointed by the CHMP itself, and one member 
and one alternate appointed by each Member State 
(except Member States already represented through 
the members appointed by the CHMP) with expertise 
in various areas of paediatric medicine. In addition, 
three members and their alternates representing 
health professionals, and three members and their 
alternates representing patients ’  associations are 
appointed by the EC. 

 The main responsibility of the PDCO is to assess 
the content of PIPs and adopt scientifi c Opinions on 
them. This includes the assessment of applications for 
full or partial waivers and assessment of applications 
for deferrals. 

 Other main tasks of the PDCO include assessing 
data generated in accordance with agreed PIPs and 
adopting Opinions on the quality, safety or effi cacy 
of any medicine for use in the paediatric population 
(at the request of the CHMP or a competent author-
ity), providing advice on any question relating to 
paediatric medicines (at the request of the EMA 
Executive Director or the EC), establishing and regu-
larly updating an inventory of paediatric medicinal 
product needs and advising the EMA and the EC on 
the communication of arrangements available for 
conducting research into paediatric medicines. 

 The PDCO is not responsible for the evaluation of 
marketing authorisation applications for medicinal 
products for paediatric use. This remains within the 
remit of the CHMP, which may use the paediatric 
expertise provided by the PDCO. 

 The PDCO, replacing the previous Paediatric 
Working Party, held its inaugural meeting on 4 – 5 July 
2007 and Dr Daniel Brasseur (Belgium) was elected 
as its fi rst chairman and re - elected in 2010. Details of 
the Rules of Procedure of PDCO can be found at: 
 http://www.ema.europa.eu/docs/en_GB/document_
library/Regulatory_and_procedural_guideline/2009/
10/WC500004749.pdf . 

 The Paediatric Regulation created a system of obli-
gations and incentives or rewards for the develop-
ment of medicines for paediatric use. Regulation 
(EEC) No 1768/92 provides for one of the rewards, 

Konstantin Keller (Germany). On completion of his 
second term in September 2010, he was succeeded 
by Dr Werner Kn ö ss (Germany). Details of the Rules 
of Procedure of HMPC can be found at:  http://
www.ema.europa.eu/docs/en_GB/document_library/
Regulatory_and_procedural_guideline/2009/10/WC
500004738.pdf . 

 Herbal medicines of long tradition are in wide 
use in a number of Member States of the EU. A sig-
nifi cant number of these medicinal products do not 
fulfi l the requirements of a well - established medicinal 
use with recognised effi cacy and an acceptable level 
of safety and so are not eligible for a marketing 
authorisation. The long traditional use of these 
medicinal products (a minimum of 30 years) makes 
it possible, however, to reduce the requirements for 
their authorisation, in particular the need for clinical 
trials, in so far as the effi cacy of the medicinal product 
is plausible on the basis of long - standing use and 
experience. Preclinical tests are not requested where 
the medicinal product, on the basis of the informa-
tion on its traditional use, proves not to be harmful 
in specifi ed conditions of use. However, even a long 
tradition does not exclude the possibility that there 
may be concerns with regard to the product ’ s safety, 
and therefore the competent authorities are entitled 
to ask for all data necessary for assessing its safety. 
No derogation is made with regard to the necessary 
physicochemical, biological and microbiological 
tests as these herbal products should comply with 
quality standards in relevant European Pharmaco-
poeia monographs or those in the pharmacopoeia of 
a Member State. 

 A herbal medicinal product is defi ned as any 
medicinal product exclusively containing as active 
ingredients one or more herbal substances or one or 
more herbal preparations, or one or more such herbal 
substances in combination with one or more such 
herbal preparations. 

 All herbal substances are defi ned as mainly whole, 
fragmented or cut plants, plant parts, algae, fungi, 
lichen in an unprocessed, usually dried form, but 
sometimes fresh. Certain exudates that have not been 
subjected to a specifi c treatment are also considered 
to be herbal substances. Herbal substances are pre-
cisely defi ned by the plant part used and the botanical 
name according to the binomial system (genus, 
species, variety and author). 

 Herbal preparations are defi ned as preparations 
obtained by subjecting herbal substances to treat-
ments such as extraction, distillation, expression, 
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   •      advising, at the request of the CHMP, on quality, 
safety or effi cacy of any medicinal product, which 
may require expertise in ATMPs;  
   •      assisting scientifi cally in the elaboration of any 
documents related to the fulfi lling the objectives of 
Regulation (EC) No 1394/2007;  
   •      providing at the request of the European Commis-
sion, scientifi c expertise and advice for any EU initia-
tive related to the development of innovative 
medicines and therapies that require expertise on 
ATMPs.     

Pharmacovigilance Risk Assessment Committee 
 The new regulation on pharmacovigilance (Regula-
tion (EU) No 1235/2010) has created a new Commit-
tee at EMA. This Committee was established in July 
2012. It is comprised of a member with an alternate 
per Member State, six members appointed by the EC 
to ensure that the PRAC has suffi cient expertise 
in pharmacology and pharmacoepidemiology (no 
alternates), and one member representing patients 
and one representing health professionals (with alter-
nates for both) after agreement of the European Par-
liament. A Member State may delegate its task to 
another Member State in this Committee. The PRAC 
has particular responsibility on all aspects of risk 
management of the use of medicinal products, which 
include risk detection, assessment, minimisation and 
communication, and evaluation of Periodic Safety 
Update Reports. The PRAC is also in charge of post 
authorisation effi cacy and safety studies and pharma-
covigilance audit.  

EMA Working Parties and Expert Groups 
 Experts are regularly consulted by the EMA. Experts 
are drawn up from the EU Experts Database accord-
ing to their area of expertise and they must abide by 
the EMA Policy on confl icts of interests ( http://
www.ema.europa.eu/ema/index.jsp?curl = pages/
about_us/general/wrapper_page.jsp & mid = WC0b0
1ac0580029338 ). 

 The EMA has four levels of expertise available to 
its Committees:
1.     The expert members of each Committee can be 
further supported by individual experts either from 
the NCAs or from academia/clinical practice within 
the framework of centralised applications, referrals, 
scientifi c advice, and paediatric investigation plans, 
etc.;  
2.     Scientifi c advisory groups (SAGs) constituted 
across a range of therapeutic areas (e.g. oncology, 
anti - infectives, neurology);  

a 6 - month extension of the supplementary protec-
tion certifi cate. 

 For further discussion on medicines for paediatric 
use, the reader is referred to Chapter  22 .  

Committee for Advanced Therapies 
 In January 2009, the CAT was established in ac -
cordance with Regulation (EC) No 1394/2007 on 
advanced - therapy medicinal products (ATMPs). The 
CAT is a multidisciplinary committee, bringing, 
together the best available experts in Europe to assess 
the quality, safety and effi cacy of ATMPs. It is com-
posed of:
    •      fi ve members of the CHMP, with their alternates, 
appointed by the CHMP;  
   •      one member and one alternate appointed by other 
EU Member State who are not represented by the 
members and alternates appointed by the CHMP;  
   •      two members (with alternates) representing clini-
cians; and  
   •      two members (with alternates) representing 
patients ’  associations.    

 The inaugural meeting of CAT was held on 15 and 
16 January 2009 at the EMA and Dr Christian Sch-
neider (Germany) was elected as its fi rst Chairman 
on 12 February 2009, and re - elected for a second 
mandate in 2012. Details of the Rules of Procedure of 
CAT can be found at:  http://www.ema.europa.eu/
docs/en_GB/document_library/Regulatory_and_
procedural_guideline/2009/10/WC500004761.pdf . 

 The main responsibility of the CAT is to prepare a 
draft opinion on ATMP applications. ATMPs include 
gene therapy, cell therapy and tissue - engineered 
medicinal products. The CAT opinion is sent to the 
CHMP, before the latter adopts an opinion on the 
granting, variation, suspension or revocation of mar-
keting authorisations of ATMPs. 

 Other responsibilities of the CAT include:
    •      participating in EMA procedures for the certifi ca-
tion of quality and non - clinical data for SME devel-
oping advanced - therapy medicinal products;  
   •      participating in EMA procedures for the provi -
sion of scientifi c recommendations on the classi-
fi cation of advanced - therapy medicinal products in 
accordance with Article 17 of Regulation (EC) No 
1394/2007;  
   •      contributing to the EMA ’ s provision of scientifi c 
advice by the SAWP;  
   •      contributing to procedures regarding the provision 
of advice for undertakings on the conduct of effi cacy 
follow - up, pharmacovigilance and risk - management 
systems of ATMPs;  
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12.     The following groups were also established by the 
CHMP to provide expertise in their respective techni-
cal areas: 

    •      the Name Review Group in charge of the 
review and approval of proposed invented names 
with a view to minimise medication errors. It 
consists of representatives of Member States, the 
European Commission and the EMA;  
   •      the Working Group on Quality Review of Doc-
uments who focus on the quality and reada -
bility of the SmPC, package leafl et and labelling 
(packaging information) in all offi cial EU lan-
guages, to foster correct use of medicinal prod-
ucts by patients, consumers and health care 
professionals;  
   •      the Patients ’  and Consumers ’  Working Party 
was initially established by the CHMP. It provides 
recommendations relating to medicinal products 
for human use to the EMA, including its scien-
tifi c Committees, on all matters of interest to 
patients; and  
   •      the Healthcare Professionals ’  Organisation 
Working Group has a similar role and often holds 
joint meetings with the Patients ’  and Consumers ’  
Working Party.      

 Of the above working parties, the workings and the 
procedures of some deserve particular description in 
view of their signifi cance for most applicants. 

Therapeutic  effi cacy  working parties   The former 
Effi cacy Working Party was established to contribute 
to and update guidelines for the CHMP on all matters 
relating directly or indirectly to the clinical part of 
drug development and to methodology of clinical 
trials. The working parties which were created in 2010 
(see earlier) fulfi l the same tasks in their respective 
areas and provide additionally:
    •      at the request of the CHMP, support to dossier 
evaluation; and  
   •      at the request of the CHMP, support to scientifi c 
advice on matters related to the clinical part of drug 
development.    
 Any initial proposal for a guideline or its revision, in 
the form of a Concept Paper, is transmitted to the 
relevant EMA Committees and working parties for 
discussion and adoption, The process is described in 
a guideline on Guidelines:  http://www.ema.europa.eu/
docs/en_GB/document_library/Scientifi c_guideline/
2009/10/WC500004011.pdf   

Pharmacovigilance working party   This working party 
will cease to exist in July 2012 when the PRAC will 

3.     Ad hoc groups or drafting groups convened on 
specifi c topics; and  
4.     Working parties established on a more permanent 
basis primarily to generate and update scientifi c/
technical guidelines and/or to provide advice in spe-
cifi c areas. In all cases, the expertise is shared by 
the Committees [including Coordination Group for 
Mutual Recognition and Decentralised Procedures 
for Human Medicinal Products (CMD(h)], although 
most working parties report directly to the CHMP. 
The Working parties are composed of experts selected 
from the European experts ’  database on a proposal 
from members of the CHMP. Not all Member States 
are represented in all working parties  –  a more limited 
number of members may instead be selected on the 
basis of expertise and competence. Members are 
appointed for 3 years and can be renewed.    

 The chairperson and vice - chairperson of the 
working parties are elected by the members of the 
CHMP for a term of 3 years renewable once. Report-
ing to CHMP is done during virtual meetings of the 
Organisational Group and the working party chair-
person may also be invited to attend plenary CHMP 
meetings to report and ensure liaison with the work 
of the CHMP. 

 At present, the working parties include:
1.     Biologics Working Party;  
2.     Blood Products Working Party;  
3.     Cell - based Products Working Party;  
4.     Gene Therapy Working Party;  
5.     Joint CHMP/CVMP Quality Working Party;  
6.     Pharmacovigilance Working Party (PhVWP), 

which will cease activity in July 2012;  
7.     Safety Working Party;  
8.     Scientifi c Advice Working Party (SAWP);  
9.     Similar Biological (Biosimilar) Medicinal Prod-

ucts Working Party;  
10.     Biostatistics Working Party; and  
11.     The former Effi cacy Working Party was replaced 
by several temporary working parties or  ‘ drafting 
groups ’  with expertise in a specifi c therapeutic area 
(i.e. cardiovascular, central nervous system, diabetes, 
infectious diseases, oncology, immuno - rheumatology, 
urology, respiratory diseases, gastroenterology, phar-
macokinetics, pharmacogenomics), or on specifi c 
products (e.g. radiopharmaceuticals, vaccines). These 
working parties have been established progressively 
over time as necessitated by advances in science. They 
produce guidelines relevant to their areas of expertise. 
Guidelines including those produced by ICH can be 
accessed at:  http://www.ema.europa.eu/htms/human/
humanguidelines/background.htm .  
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assistance to applicants (the latter with the COMP). 
The SAWP is a multidisciplinary expert group. The 
CHMP appoints 28 members upon proposals from 
CHMP members. These SAWP members may be 
CHMP members or European experts. The COMP 
nominates three of its members, who contribute to the 
evaluation of signifi cant benefi t of orphan medicines. 
The SAWP includes at least the following expertise.
1.      Preclinical safety   –  at least two representatives.  
2.      Pharmacokinetics   –  at least one representative.  
3.      Methodology and statistics   –  at least two repre-
sentatives. Experience in small population methodol-
ogy and pharmacoepidemiology are particularly 
important.  
4.      Therapeutic fi elds  for which there are frequent 
requests and/or falling under the mandatory scope of 
the centralised procedure.    

 The respective chairperson of the Safety Working 
Party as well as the chairperson and vice - chairperson 
of the CHMP are also invited to SAWP meetings. In 
addition, the CHMP members are encouraged to take 
an active role in the activities of the SAWP. The SAWP 
meets 11 times a year (except in August) at the EMA 
for a 3 - day meeting, generally set 2 weeks before 
the CHMP. 

 The SAWP may involve relevant committees or 
working parties in relation to the evaluation of pre-
clinical and/or clinical questions, including safety, for 
a specifi c product. The SAWP has delegated the task 
of evaluating quality related issues to either the Bio-
logics Working Party or Quality Working Party. The 
SAWP may also avail itself of additional expertise 
including patients ’  representatives. Additional exper-
tise is also consulted in particular for the provision of 
protocol assistance for orphan medicinal products. 
The SAWP chairperson reports systematically on 
specifi c issues during the CHMP plenary meeting. 
Details of the Rules of Procedure of SAWP can be 
found at  http://www.ema.europa.eu/pdfs/human/
sciadvice/sawpmandate.pdf .  

Scientifi c  advisory groups   The CHMP has estab-
lished a number of SAGs, each dedicated to a particu-
lar therapeutic area and consisting of independent 
academic experts, to assist the committee(s) with the 
evaluation of specifi c medicinal products or treat-
ments. So far, eight SAGs have been set up and the 
link to the entry page on the EMA website is provided 
below:  http://www.ema.europa.eu/ema/index.jsp?curl 
= pages/about_us/general/general_content_000102.
jsp & murl = menus/about_us/about_us.jsp & mid =
WC0b01ac058002d0ec .

start its activities. The mission of the PhVWP was to 
provide recommendations to the CHMP on all 
matters relating directly or indirectly to  ‘ pharma-
covigilance ’ , i.e. the constant monitoring of medicinal 
products on the market. 

 The PhVWP was composed of one representative 
per Member State, appointed by the national compe-
tent authorities. Representatives from Iceland, Liech-
tenstein and Norway were participating in the 
meetings of the PhVWP. The chairperson was invited 
to attend plenary CHMP meetings to report on the 
activities of the PhVWP and ensure liaison with the 
CHMP. 

 The main role of the PhVWPs involved providing 
advice on the safety and adverse reactions to medici-
nal products, enabling the CHMP to identify, assess 
and manage the benefi t – risk balance of medicinal 
products authorised in the EU through the EU pro-
cedure, and those authorised nationally when referred 
to the EMA. The PhVWP also ensured exchange of 
information between the EMA and national compe-
tent authorities; it provided a forum for discussion 
on the safety of nationally approved products. The 
PhVWP held regular teleconferences with the FDA to 
discuss common safety issues of medicines author-
ised in both regions.  

Scientifi c  advice working party   The group responsi-
ble for advising applicants during drug development 
started its activities as a CPMP consultation group 
(1996). It was created in accordance with Council 
Regulation (EEC) No 2309/93, then became a Scien-
tifi c Advice Review Group (1999) and a formal CPMP 
Working Party: the SAWP as of 2003. With the intro-
duction of Regulation (EC) No 141/2000, the activi-
ties of the group extended in 2001 to providing 
protocol assistance for orphan drugs. New proce-
dures for scientifi c advice and protocol assistance 
were also put in place. 

 Article 57(1n) of Regulation (EC) 726/2004 pro-
vides that:  ‘ the Agency, acting particularly through its 
Committees, shall undertake the following tasks: 
( . . . ) advising undertakings on the conduct of the 
various tests and trials necessary to demonstrate the 
quality, safety and effi cacy of medicinal products. ’  
Scientifi c advice includes not only questions on spe-
cifi c products but also general issues relating to medi-
cines development, biomarkers qualifi cation or novel 
methodologies. 

 Therefore, as of May 2004, the CHMP established 
the SAWP as a standing working party with the sole 
remit of providing scientifi c advice and protocol 
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 Once fi nalised, the  ‘ SAG Answer and Comments to 
the CHMP ’  that relates to the  ‘ product ’  will be 
released to the concerned company. The CHMP List 
of Questions for the SAG, and the SAG Answers and 
Comments to the CHMP shall be refl ected in the 
CHMP assessment report. If, on request by the appli-
cant, the Committee has consulted with the SAG in 
connection with the re - examination of its Opinion, 
the views of the SAG should also be included in the 
CHMP assessment report. 

 The chairperson of SAG is responsible for the 
conduct and running of the meetings. Whenever pos-
sible, the chairperson of the SAG shall be available 
during a CHMP meeting, to provide feedback from 
the SAG discussions to the CHMP. Because members 
of SAG are independent experts, the CHMP, while 
taking into account the position expressed by the 
SAG, remains responsible for its fi nal Opinion.    

Other groups  hosted by EMA
 In addition to the committees and groups mentioned 
above, the EMA hosts a number of meetings on 
behalf of the network of national competent authori-
ties. The EMA hosts in particular the Inspector 
Working Group, the Clinical Trials Facilitation 
Group, and the CMD(h) and its equivalent for veteri-
nary medicines, CMD(v). 

 The CMD(h) started its activities in November 
2005 and replaced the former informal Mutual Rec-
ognition Facilitation Group, which was in operation 
for about 10 years, to coordinate and facilitate the 
operation of the mutual recognition procedure. In 
contrast, the CMD(h) is a legally empowered body 
which has been set up in compliance of the revised 
pharmaceutical legislation (Directive 2004/27/EC 
amending Directive 2001/83/EC) for the examination 
of any question relating to marketing authorisation 
of a medicinal product in two or more Member States 
in accordance with the mutual recognition or the 
decentralised procedure. The CMD(h) holds monthly 
meetings at the EMA and the meetings take place 
during the same week as the CHMP meeting and have 
a duration of 2 – 3 days. 

 CMD(h) is composed of one representative per 
Member State (including Norway, Iceland and Liech-
tenstein) appointed for a renewable term of 3 years. 
Mrs Truus Janse - de Hoog (the Netherlands) was 
elected chairperson of the CMD(h) for a term of 3 
years and re - elected in November 2008. She has been 
succeeded by Dr Peter Bachmann (Germany) who 
was elected chair in October 2011. The vice -
 chairperson of the CMD(h) is the member of the 

1.     Scientifi c Advisory Group on Cardiovascular 
Issues.  
2.     Scientifi c Advisory Group on Anti - infectives .  
3.     Scientifi c Advisory Group on Neurology.  
4.     Scientifi c Advisory Group on Diabetes/
Endocrinology.  
5.     Scientifi c Advisory Group on Diagnostics.  
6.     Scientifi c Advisory Group on HIV/Viral Diseases.  
7.     Scientifi c Advisory Group on Oncology.  
8.     Scientifi c Advisory Group on Psychiatry.    

 The SAGs were created to deliver answers, on a 
consultative basis, to specifi c questions addressed to 
them by the CHMP mostly on the evaluation of cen-
tralised applications. SAGs can be consulted during 
the re - examination of opinions, and on referrals, 
guidelines or any other scientifi c issues. A SAG has 
the opportunity to identify scientifi c issues that may 
need further discussion within or outside the disci-
pline of the SAG, subject to the agreement of the 
CHMP. 

 A SAG is comprised of both a core group and other 
individual experts who may be called upon to partici-
pate on a specifi c issue. The core group would ensure 
continuity and consistency within the group. 

 Core group members (typically 6 – 9 members) will 
be selected by CHMP members and/or the EMA 
secretariat in order to provide a balanced scientifi c 
expertise, as far as possible including different  ‘ schools 
of thinking ’  or EU therapeutic practices. Core group 
members of SAG elect one of them to be proposed to 
the CHMP as chairperson for the SAG (and one 
vice - chairperson). 

 The CHMP rapporteur, the co - rapporteur and, if 
appropriate, the working party rapporteur or the sci-
entifi c advice coordinators, are invited to attend the 
SAG meeting, to present the List of Questions for the 
SAG, and to provide any additional information 
requested by the SAG. Assessors from the application -
 specifi c team are also expected to attend the meeting 
when necessary. An applicant or an MAH or a third 
party may be invited to provide an oral explanation 
directly to the SAG following agreement of the 
CHMP. 

 SAG Answers and Comments to the CHMP will 
contain answers (with their justifi cations) to the 
CHMP List of Questions for the SAG. Where consen-
sus cannot be reached on an answer to the CHMP 
List of Questions for the SAG, the conclusion reached 
by the majority, together with any divergent positions 
within the SAG, will be noted. Members having diver-
gent positions shall clearly state the reasons on which 
they are based. 
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eral cooperation with the US FDA in September 2003. 
The agreement allows the two authorities to exchange 
confi dential information as part of their regulatory 
processes, both pre - approval and post - approval, 
including scientifi c advice, orphan drug designation, 
paediatric development, inspection reports, mar-
keting approvals and post - authorisation surveil -
lance information. In May 2006, the agreement was 
extended to include, for example, joint FDA/EMA 
briefi ng meetings with sponsors following voluntary 
submission of genomic data. The areas of coopera-
tion were further extended in October 2008 to cover 
pharmacovigilance information. Following a visit of 
Dr Margaret Hamburg, the new FDA commissioner, 
to Brussels in July 2009, the EU and the FDA agreed 
to share even more data and expertise. The FDA and 
EMA have posted liaison offi cers in each other ’ s agen-
cies. In February 2007, the EU and the Japanese Min-
istry of Health, Labour and Welfare signed a similar 
agreement to enable the EMEA and Japanese Phar-
maceuticals and Medical Devices Agency, and a 
liaison offi cer from the Pharmaceuticals and Medical 
Devices Agency was posted at EMA. In December 
2007, an agreement was signed with Health Canada 
allowing exchange of confi dential information. A 
recent agreement exists with the Australian Thera-
peutic Goods Administration, and with Swissmedic, 
the Swiss Agency, but so far only for data related to 
the H1N1 fl u pandemic. A similar agreement is under 
discussion with the WHO.  
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CMD(h) who is representing the Member State that 
holds the presidency of the Council of the European 
Union for the duration of the term of the presidency. 

 The CMD(h) responsibilities include:
1.     To establish, yearly, a list of medicinal products for 
which harmonisation of the product information 
should be drawn up, and to promote harmonisation 
of marketing authorisations across the EU.  
2.     To consider the points of disagreement between 
the Member States involved in a mutual recognition 
or decentralised procedure on the assessment report, 
the summary of product characteristics, labelling or 
the package leafl et on the grounds of  ‘ potential 
serious risk to public health ’ .      

International harmonisation

 It is evident that despite being a union of 27 sovereign 
Member States, much has been achieved in har-
monisation of legislation and regulation of human 
medicinal products across the EU. The process of 
harmonisation is underpinned by a desire for trans-
parency, promoting public health and protecting con-
sumer safety, without impediments to scientifi c 
advance, and free trade and competition. It was rec-
ognised as early as in the 1980s that medicinal prod-
ucts are developed globally and more harmonisation 
and collaboration was required. 

 In June 1984, the EC met with the Japanese authori-
ties in Tokyo. These discussions provided an opportu-
nity for initiating wider harmonisation. Subsequently, 
the US FDA and the trade association today called 
Pharmaceutical Research and Manufacturers of 
America joined the dialogue. After the World Health 
Organization (WHO) International Conference of 
Drug Regulatory Authorities at Paris in 1989, specifi c 
plans for action began to materialise. The authorities 
approached the International Federation of Pharma-
ceutical Manufacturers Association in Geneva to 
discuss a joint regulatory – industry initiative on inter-
national harmonisation. These efforts culminated 
ultimately in the ICH process between EU, the USA 
and Japan, where the WHO, Canada and other coun-
tries enjoy an observer status. The EU has proved to be 
a highly proactive partner in the ICH process. 

 Harmonisation is now extending well beyond the 
scope of ICH. The EC has signed agreements of bilat-
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Applications for marketing
authorisations

 The European Union (EU) legislation provides for 
two primarily different procedures for applications 
for marketing authorisation: an EU procedure involv-
ing all the Member States (centralised procedure) and 
managed by the European Medicines Agency (EMA), 
or a national procedure that can involve only the 
Member State(s) of interest to the applicant  [1] .
1.     The  centralised procedure  is compulsory for certain 
types of medicines and therapeutic classes of prod-
ucts and is optional for others at the discretion of the 
EMA Committee for Medicinal Products for Human 
Use (CHMP)  [2] . At the outset of the system the types 
of product that fell within the scope of Council Regu-
lation (EEC) No 2309/93, were set out in the Annex 
to that Regulation. For medicinal products falling 
within the scope of Part A of the Annex, applicants 
were obliged to use the centralised procedure ( man-
datory scope ), whereas for products falling within the 
scope of Part B of the Annex the applicants may also 
use the centralised procedure ( optional scope ). 

 Regulation (EC) No 726/2004 further extended 
the mandatory scope of the centralised procedure 
through Article 3(1) and its Annex. The mandatory 
scope includes medicinal products intended for the 
treatment of diseases, but not those intended for the 
prevention or diagnosis of diseases, although these 
are still recommended to be considered by the appli-
cant (Box  20.1 ).   

 These new provisions pave the way for the authori-
sation through the centralised procedure of certain 
medicinal products that can be supplied without a 
medical prescription. Indeed, in October 2008, the 
EMA recommended the fi rst switch from prescrip-
tion only to non - prescription status for a centrally 
authorised medicine (orlistat). The  ‘ Guideline on 
Article 3(2) of Regulation (EC) No 726/2004  –  
Optional scope of the centralised procedure ’  pub-
lished on the European Commission (EC) website 
in Volume 2C of the Notice to Applicants  [3]  and 
available at:  http://ec.europa.eu/health/documents/
eudralex/vol - 2/index_en.htm .  
2.      Generic versions of centrally approved products  may 
also use the centralised procedure. To this end, Article 
10(2)a of Directive 2004/27/EC defi nes a reference 
medicinal product and Article 10(2)b goes on to 
defi ne a generic medicinal product as  ‘ a medicinal 
product which has the same qualitative and quantita-
tive composition in active substances and the same 
pharmaceutical form as the reference medicinal 
product, and whose bioequivalence with the reference 
medicinal product has been demonstrated by appro-
priate bioavailability studies ’ . The different salts, 
esters, ethers, isomers, mixtures of isomers, com-
plexes or derivatives of an active substance shall be 
considered to be the same active substance, unless 
they differ signifi cantly in properties with regard to 
safety and/or effi cacy. In theory therefore, a copy of 
a biological or biotechnology reference medicinal 
product may be regarded as a  ‘ biogeneric ’  product 
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State can then be entered for mutual recognition by 
other Member States.  
5.     In the  decentralised procedure , the application is 
submitted to all the Member States of interest with 
the evaluation proceeding simultaneously in all the 
Member States but one of them (nominated by the 
applicant) acts as the RMS.    

 Because of the European Economic Area – European 
Free Trade Association (EEA - EFTA) Agreement, Ice-
land, Liechtenstein and Norway are parties to these 
procedures, including the EU procedure. 

Overview of the pre -submission phase
 The EMA, as well as the national authorities of the 
Member States, is under constant pressure from a 
high volume of applications. Despite planning ahead 
thanks to the EMA ’ s initiative  ‘ business pipeline ’ , 
which collects forecasts of applications, the workload 
remains somewhat unpredictable. Therefore, to aid 
planning, the authorities require advanced notice 
preferably well ahead of the proposed dates for the 

but, for obvious reasons, different criteria will apply 
when it comes to defi ning these.  
3.     The  national procedure  applies only to products 
not obliged to use EU procedure and can be a single 
state procedure, a mutual recognition procedure or a 
decentralised procedure. However, no parallel evalu-
ations of national authorisation can take place in the 
EU. Both the mutual recognition procedure and the 
decentralised procedure rely upon similar standards 
of assessment in any Member State: a marketing 
authorisation or the assessment in one Member State 
[the Reference Member State (RMS)] ought in prin-
ciple to be recognised by the competent authorities 
of the other Member States [the Concerned Member 
States (CMSs)], unless there are grounds for suppos-
ing that the authorisation of the medicinal product 
concerned may present a potential serious risk to 
public health.  
4.     In the  mutual recognition procedure , the applica-
tion is fi rst made to one Member State (RMS) and 
the marketing authorisation granted by that Member 

BOX 20.1    Mandatory  s cope of the  EU   a uthorisation  p rocedure 

  Mandatory 

1.     Medicinal products developed by means of one of the 

following biotechnological processes: 

    •      Recombinant DNA technology  

   •      Controlled expression of genes coding for 

biologically active proteins in prokaryotes and 

eukaryotes including transformed mammalian cells  

   •      Hybridoma and monoclonal antibody methods    

2.     Medicinal products for human use containing a new 

active substance which, on the date of entry into force 

of this Regulation, was not authorised in the 

Community, for which the therapeutic indication is 

the treatment of any of the following diseases: 

    •      AIDS  

   •      Cancer  

   •      Neurodegenerative disorder  

   •      Diabetes      

 Since 20 May 2008:

    •      Auto - immune diseases and other immune 

dysfunctions  

   •      Viral diseases    

 After 20 May 2008, the Commission, having consulted 

the Agency, may present any appropriate proposal 

modifying this point and the Council shall take a 

decision on that proposal by qualifi ed majority 

3.     Medicinal products that are designated as orphan 

medicinal products pursuant to Regulation (EC) No 

141/2000     

  Optional 

 Medicinal products that, although not belonging to the 

abovementioned categories, are nevertheless:

1.     New active substances (this may include a new 

chemical or biological substance, a new 

radiopharmaceutical substance, a different salt, ester, 

ether, isomer, mixture of isomers, a complex or 

derivative of a chemical substance that differs 

signifi cantly in properties with regard to safety and/or 

effi cacy from a chemical substance of an authorised 

medicinal product, a biological substance that differs 

in molecular structure from that of a medicinal 

product previously authorised or a new fi xed 

combination of active substances)  

2.     Of signifi cant therapeutic, scientifi c or technical 

innovation  

3.     Of benefi t to society or to patients (e.g. certain 

medicinal products that can be supplied without a 

medical prescription)  

4.     Generic medicinal products authorised by the 

Community, provided that this in no way undermines 

either the harmonisation achieved when the reference 

medicinal product was evaluated or the results of that 

evaluation     
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meeting or the submission of any application. In 
addition, for an application to be submitted through 
the mutual recognition or the decentralised proce-
dure, if these requests are made without adequate 
prior notice, the applicants should not expect to 
secure their desired time - slot when requesting a 
national authority to act as RMS  [4] . 

 It is therefore recommended that, for all and any 
of the applications for marketing authorisation, the 
applicants open a dialogue with the appropriate 
authority by a letter of intent, giving the pertinent 
background information on the product, sent about 
18 months ahead of the intended submission date. It 
is also recommended that the applicants request a 
pre - submission meeting and this request should be 
made well ahead of the desired date of the meeting. 
A pre - submission meeting should take place approxi-
mately 6 – 7 months prior to the anticipated date of 
submission of the marketing authorisation applica-
tion. These pre - submission meetings are extremely 
helpful because they provide an opportunity to 
discuss the development programme, secure advice 
on the contents and the format of the application and 
obtain procedural, regulatory and legal advice as well 
as trigger the appointment of the evaluation teams. 
Pre - submission guidance and meetings should enable 
applicants to submit applications that are in con-
formity with the legal and regulatory requirements 
and which can be validated speedily. Pre - submission 
meetings also enable applicants to establish contact 
with the EMA or the national authority staff closely 
involved with the application. Pre - submission meet-
ings are not an opportunity to evaluate the data, but 
rather an opportunity to discuss the strengths and 
defi ciencies of the development programme. This is 
particularly important when seeking scientifi c advice. 
Checking compliance with the Paediatric Regulation 
obligations should also take place ahead of the valida-
tion of the application.   

Centralised  applications

 A successful application under the EU (centralised) 
procedure delivers a single marketing authorisation 
(a single decision from the EU) for a medicinal 
product, valid throughout the EU under a single 
trade name and a common Summary of Product 
Characteristics (SmPC), package leafl et and labelling. 
Conceptually, in this procedure for EU authorisation, 
the application is submitted to EMA; the dossier sup-
porting the application undergoes a detailed assess-

ment by the CHMP; then, the applicant is provided 
with an opportunity to clarify any issues raised by any 
of the members of the CHMP; the procedure is con-
cluded within a maximum of 210 days by a scientifi c 
opinion from the CHMP followed by a decision from 
the EC; fi nally but perhaps most importantly, the 
applicant ends up with an approval or a refusal to 
market the product in all or any Member States of the 
EU. 

 The format of the application should follow the 
Common Technical Document (CTD) presented in 
Box  20.2 . Module 1 of the CTD is region - specifi c.   

 At least 18 months before submission, applicants 
should notify the EMA of their request for eligibility 
to the centralised procedure and of their intention to 
submit an application and give a realistic estimate of 
the month of submission. Seven to 8 months before 
submission applicants are advised to reconfi rm their 
intent to submit with revised fi lings dates as known, 
to request the rapporteur appointment process to be 
initiated and request proposed invented (trade) name 
checks via the Name Review Group (NRG). In any 
case, the applicant should submit the proposed 
invented name(s) at the earliest 12 months and at the 
latest 4 – 6 months prior to the planned submission 
date of the marketing authorisation application. In 
order to identify, at an early stage, whether the name 
proposed would raise any identifi able public health 
concern, a check will be performed by the NRG. In 
particular, the invented name: (i) should not convey 
misleading therapeutic or pharmaceutical connota-
tions; (ii) should not be misleading with respect to 
the composition of the product; and (iii) should not 
be liable to cause confusion in print, handwriting or 
speech with the invented name of an existing medici-
nal product. If any public health concern emerges, 
these should be resolved as soon as possible. 

 If the proposed invented name cannot be accepted 
prior to submission, the marketing authorisation 
application can be submitted either under any of the 
proposed invented names, the common name or sci-
entifi c name accompanied by a trade mark or the 
name of the marketing authorisation holder (MAH). 
At the latest, 1 month prior to the adoption of the 
CHMP Opinion on the application concerned, the 
applicant will in such case have to inform the EMA 
Product Team Leader (PTL) and the NRG secretariat 
on the acceptable invented name of their choice. If no 
suitable invented name has been identifi ed at that 
stage, the Opinion and the Decision will be adopted 
according to the common name or scientifi c name 
accompanied by the name of the MAH. 
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ation. The CHMP may, and usually does, also appoint 
a second member to act as co - rapporteur. For line 
extensions, the CHMP will decide on the need for 
appointment of a co - rapporteur on a case - by - case 
basis. All members have an equal opportunity to act 
as the rapporteur or co - rapporteur. To ensure the use 
of the best expertise available, the CHMP members 
are invited submit a description of their evaluation 
team in writing in advance of the meeting at which 
rapporteurs are appointed by the CHMP chairperson. 
Appointments of rapporteur and co - rapporteur are 
made on the basis of the expertise and availability of 
the evaluation team only. In addition, some CHMP 
members and the PTL are assigned to  ‘ peer review ’  
the scientifi c evaluation of the (co) - rapporteurs as 
well as the validity of the scientifi c and regulatory 
conclusions reached, to improve the quality of the 
Day 120 List of Questions. The peer review is carried 
out in the period between the release of the initial 

 In certain cases, companies may wish to obtain 
more than one marketing authorisation for the same 
medicinal product, through either simultaneous or 
subsequent applications. A specifi c procedure has 
been agreed for this by the EC  [3] . Under this proce-
dure, companies should inform both the EMA and 
the EC Services, at the latest 4 months prior to sub-
mission of their intentions, in particular providing 
the EC with an explanation of the underlying motives 
for the multiple applications and their intentions 
regarding exploitation of any authorisations granted, 
which could be related to the availability of medicinal 
products or for co - marketing reasons. 

Evaluation of marketing authorisation
applications at EMA
 For applications to be processed via the centralised 
procedure, the CHMP appoints one of its members 
to act as rapporteur for the coordination of the evalu-

BOX 20.2    Contents of the Common Technical Document ( CTD ) 

  Module 1:  EU  -  s pecifi c  r equirements 

1.1     Module 1 comprehensive table of contents (Modules 

1 – 5)

1.2     Application form  

1.3     Product literature 

1.3.1     Summary of Product Characteristics (SmPC)  

1.3.2     Labelling and package leafl et  

1.3.3     Mock - ups and specimen  

1.3.5     SmPCs (if already approved in the Member 

States)    

1.4     Information about experts  

1.5     Specifi c regional requirements for different types of 

applications including paediatric requirements (PIP 

or waiver Decisions), risk management plans, etc.  

1.6     Environmental risk assessment     

  Module 2:  CTD   s ummaries 

2.1     CTD table of contents (Modules 2 – 5)  

2.2     CTD introduction  

2.3     Quality overall summary  

2.4     Non - clinical overview  

2.5     Clinical overview  

2.6     Non - clinical summaries 

   Introduction  

  Pharmacology  –  written and tabulated  

  Pharmacokinetics  –  written and tabulated  

  Toxicology  –  written and tabulated    

2.7     Clinical summary 

   Biopharmaceutics and associated analytical methods  

  Clinical pharmacology studies  

  Clinical effi cacy  

  Clinical safety  

  Synopsis of individual studies       

  Module 3: Quality 

3.1     Format and presentation  

3.2     Content: basic principles and requirements     

  Module 4: Non -  c linical  s tudy  r eports 

4.1     Format and presentation  

4.2     Content: basic principles and requirements 

4.2.1     Pharmacology  

4.2.2     Pharmacokinetics  

4.2.3     Toxicology       

  Module 5: Clinical  s tudy  r eports 

5.1     Format and presentation  

5.2     Content: basic principles and requirements 

5.2.1     Reports of biopharmaceutics studies  

5.2.2     Reports of studies pertinent to 

pharmacokinetics using human biomaterials  

5.2.3     Reports of human pharmacokinetic studies  

5.2.4     Reports of human pharmacodynamic studies  

5.2.5     Reports of effi cacy and safety studies  

5.2.6     Reports of post - marketing experience  

5.2.7     Case reports forms and individual patient 

listings       
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 Applicants must include evidence of establishment 
in the EEA, as well as documents showing their capac-
ity to discharge all the responsibilities required of the 
MAH under EU pharmaceutical legislation, whether 
they do it themselves or via one or more persons 
designated to that effect. The centralised procedure is 
shown in Figure  20.1 .   

 On receipt of a valid application via the EMA, the 
rapporteur and the co - rapporteur prepare their sepa-
rate assessment reports, which are circulated to the 
EMA PTL and all other CHMP members by day 80 
from the start of the procedure. By day 100, rappor-
teur, co - rapporteur, CHMP members and EMA PTL 
receive comments from any other members of the 
CHMP. A consolidated draft List of Questions is 
prepared by the rapporteur and circulated to the 
members by day 115 and undergoes peer review. A 
fi nal consolidated List of Questions is agreed by the 
CHMP on day 120 and communicated to the appli-
cant, and the clock of the procedure is stopped 
(usually for up to 3 months, possibly extended by a 
further 3 months maximum). 

 This consolidated List of Questions includes any 
major objections, points for clarifi cation and changes 
to the SmPC or Risk Management Plan requested by 
the Committee. The applicant is also provided with 
the overall conclusions and review of the scientifi c 
data. The applicant is entitled to seek clarifi cation 
from the rapporteur if necessary before responding 
to these issues raised. These clarifi cation meetings 
between the applicant, the EMA secretariat and the 
rapporteurs are crucial. As shown repeatedly through 
surveys, the majority of the applicants requested such 
meetings and the vast majority found these very 
useful in terms of formulating their responses. After 
receipt of the responses from the applicant, the clock 
starts (day 121) and the CHMP adopts a timetable for 
the evaluation of the responses. 

 The rapporteur and co - rapporteur prepare a joint 
assessment (of responses) report which is circulated 
by day 150 to all members of the CHMP. In case rap-
porteurs maintain divergent views on the approvabil-
ity of the fi le, parallel reports may be prepared. The 
deadline for further comments from CHMP members 
to be sent to rapporteur and co - rapporteur, other 
CHMP members and EMA secretariat (PTL) is day 
170. Any issue(s) identifi ed are discussed on day 180 
of the procedure during the CHMP meeting and a 
decision may be made on whether to issue a positive 
CHMP Opinion. 

 If there still are any outstanding issues that cannot 
be resolved, the CHMP will ask the applicant to 

assessment reports (day 80) by the (co) - rapporteur(s) 
and the adoption of the CHMP List of Questions 
(day 120). 

 An EMA Product Team is set up at EMA for each 
application submitted through the centralised proce-
dure, or referral. The Product Team consists of a PTL 
in either the Safety and Effi cacy Sector or the Quality 
of Medicines Sector, and Product Team Members in 
various Sectors (for inspections, paediatrics, etc.). 
The applicant will be notifi ed of the appointed PTL. 
The PTL, in close cooperation with the rapporteur 
and co - rapporteur, will also ensure that the applicant 
is kept informed of all issues relating to the applica-
tion. The PTL will serve as the main liaison person 
between the EMA CHMP, the rapporteur, the co -
 rapporteur and the applicant. The Product Team 
is responsible for the handling of all procedural 
aspects of the application, both in the pre -  and post -
 authorisation stages, including providing procedural 
and regulatory guidance, validating the application 
submitted, monitoring compliance with the time -
 frame, contributing to the peer review, preparing the 
CHMP assessment report, coordinating all the activi-
ties with regard to the progression and fi nal determi-
nation of the application, and forwarding to the 
European Commission the Opinion and its Annexes, 
once adopted.
1.     The EMA requires from the applicant one full 
electronic copy of the Marketing Authorisation 
Application, including the applicant ’ s part of the 
active Substance Master File, if any, to the Agency on 
CD - ROM or DVD, together with the original, signed 
paper copy of the cover letter.  
2.     Two additional Word fi les from Module 1 (draft 
SmPC, package leafl et and labelling documents) and 
Module 2 (M2.2 – 2.5) in English.    

 It is highly recommended to submit electronic - only 
applications; in this case, the eCTD format is manda-
tory. The reader is referred to the following website 
for details:  http://esubmission.emea.europa.eu/.  

 Guidance on dossier submission can be found at: 
 http://www.ema.europa.eu/ema/index.jsp?curl =
pages/regulation/document_listing/document_
listing_000121.jsp & murl = menus/regulations/regula-
tions.jsp & mid = WC0b01ac0580027255.  

 Guidance on dossier format can be found at:  http://
www.ema.europa.eu/ema/index.jsp?curl = pages/
regulation/document_listing/document_listing_
000102.jsp & mid = WC0b01ac058002c599 . 

 In addition, the applicant must submit (electroni-
cally) the dossier to both rapporteur and co -
 rapporteur in parallel with the EMA. 
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extension may be granted if the applicant provides 
appropriate justifi cation, subject to a review and 
agreement by the CHMP. 

 Day 181 is the restart of the clock when any further 
written response is assessed and an oral explanation 
takes place. Days 181 – 210 of the procedure are used 

address these in writing and/or during an oral expla-
nation. Applicants should normally respond (and 
generally prepare for an oral explanation that should 
last for about 1 – 1.5 hour including 20 minutes ’  
opening presentation) within 1 month. In excep-
tional circumstances, a 1 or maximum 2 - month 

     Figure 20.1     Centralised procedure. CHMP, Committee for Medicinal Products for Human Use.  

Pre-submission phase
Rapporteur/Co-rapporteur appointed

Rapporteur and Co-rapporteur assessment reports 
circulated on Day 80 of procedure

Comments from other Members of CHMP by Day 
100

Centralised Procedure starts
(Day 0)

CHMP agrees consolidated list of questions to 
applicant by Day 120

Applicant responds within 3 months

Joint assessment of responses by Rapporteur and Co-rapporteur 
within 30 days 

(Day 150 of procedure)

CHMP decides whether a hearing is requiredon outstanding 
issues 

(Day 180 of procedure)

CHMP final opinion (Day
210)

European Union authorisation

Commission Decision within 67 days  

Peer-review of List of Questions
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the initial Opinion, to co - assess the grounds for the 
re - examination of the Opinion. If considered neces-
sary by CHMP, a SAG may be convened and an oral 
explanation can be held within this 60 - day time -
 frame. The re - examination may deal only with the 
grounds for refusal points of the Opinion initially 
identifi ed by the applicant in their request for re -
 examination and may be based only on the scientifi c 
data available when the CHMP adopted the initial 
Opinion. 

 After adoption of a CHMP Opinion by day 210, 
the EMA will publish a summary of the CHMP 
Opinion. In parallel, the preparation of the annexes 
to the Commission Decision is carried out in accord-
ance with a pre - determined timetable. For new EU 
authorisations, the overall duration from Opinion to 
Decision should not exceed 67 days, according to 
Article 10 of Regulation (EC) No 726/2004. By day 
215 at the latest, the applicant provides the EMA with 
draft Annex A (pack sizes and pharmaceutical forms), 
Annex I (SmPC), Annex II (legal status, manufacturer 
of the biological active substance and manufacturing 
authorisation holders responsible for batch release, 
conditions of the marketing authorisation, includ -
ing specifi c obligations to be fulfi lled by the MAH, 
conditions or restrictions regarding supply and use 
imposed on the MAH, conditions or restrictions with 
regard to the safe and effective use of the medicinal 
product) and Annex III (labelling and package leafl et) 
in all the 25 languages (all offi cial EU languages, plus 
Norwegian and Icelandic). EMA circulates the draft 
translations to the relevant Member States for review. 
Member States send their comments to the EMA and 
fi nal translations are agreed by day 232. By day 237 
at the latest, the Opinion and the fi nal translations 
of Annexes in all EU languages are transmitted to 
the EC, the Members of the Standing Committee, 
Norway, Liechtenstein and Iceland, and the applicant. 
The Standing Committee consultation, which can last 
22 days, begins on day 239 and this is followed by 
adoption of the EC Decision by day 277. 

 Once a centrally authorised product is granted a 
marketing authorisation, the EMA publishes a Euro-
pean Public Assessment Report setting out the 
detailed scientifi c grounds for the Committee ’ s 
Opinion in favour of granting the authorisation, plus 
the SmPC, labelling and packaging requirements for 
the product, and details of the procedural steps taken 
during the assessment process. European Public 
Assessment Reports are published on the website of 
EMA, and are available in all offi cial languages of 
the EU (except for the scientifi c discussion which is 

to fi nalise the CHMP assessment report and draft of 
SmPC, labelling and package leafl et (in English) 
revised by applicant according to the comments at 
day 150. On or before day 210, the CHMP adopts its 
Opinion in light of the fi nal recommendation of the 
rapporteur and co - rapporteur including further evi-
dence presented at the oral explanation if any. The 
deadline for adopting an Opinion and fi nalisation of 
the CHMP Assessment Report is day 210 of the pro-
cedure with a timetable for the provision of transla-
tions of the fi nal version of product information. 

 Whether positive or negative, the CHMP Opinion 
is communicated to the applicant and the EC for a 
binding Decision. Should the CHMP want to include 
post - authorisation obligations, the latter will be 
included in the Annex II of the Opinion and in the 
Assessment Report. When the Opinion of the CHMP 
is that the application does not satisfy the criteria for 
authorisation as set out in the Regulation, the EMA 
immediately informs the applicant. In all cases, the 
following documents are annexed or appended to the 
Opinion: fi rst, the grounds for refusal of the market-
ing authorisation application and, when appropriate, 
the divergent positions of Committee members, with 
justifi cations, and fi nally the CHMP Assessment 
Report stating the reasons for its conclusions. 

 Once the medicinal product is authorised, and in 
all cases before  the medicinal product is placed on the 
market, specimens of the fi nal outer and immediate 
packaging and the package leafl et must be submitted 
to the EMA. 

 A CHMP Opinion, whether positive or negative, 
may be the subject of a re - examination (an appeal), 
a procedure that has its own time - frame. The appli-
cant may notify the EMA/CHMP of their intention 
to appeal within 15 days of receipt of the Opinion 
(after which, if the applicant does not appeal, they are 
deemed to have agreed with the Opinion and it 
becomes the fi nal Opinion). The grounds for appeal 
must be forwarded to the EMA within the next 45 
days (i.e. 60 days from receipt of the negative 
Opinion). The EMA will publish a statement on the 
re - examination request. Within 60 days from the 
receipt of the grounds for appeal, the CHMP will 
consider whether its Opinion should be revised. The 
applicant may request consultation of a scientifi c 
advisory group (SAG) within the re - examination 
procedure. If the applicant wishes to appear before 
the CHMP for an oral explanation, this request 
should also be sent at this stage. The CHMP will 
appoint a new rapporteur and where necessary new 
co - rapporteur(s), different from those appointed for 
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is expected to be of major public health interest 
particularly from the point of view of therapeutic 
innovation. Based on the justifi cations and the rec-
ommendations of the rapporteurs, the CHMP will 
formulate a decision on the request for accelerated 
assessment, prior to the assessment of the marketing 
authorisation application. Additionally, the CHMP 
can decide to shorten the time - frame of assessment 
on its own volition at any time during the 
procedure. 

 When an application is accepted for accelerated 
assessment, the time limit shall be reduced from 
210 to 150 days. However, at any time during the 
marketing authorisation application evaluation, if the 
CHMP consider that it is no longer appropriate to 
conduct an accelerated assessment, they may decide 
to continue the assessment under standard time -
lines defi ned in Article 6(3) of Regulation (EC) No 
726/2004. The guideline on accelerated assessment is 
available at  http://www.ema.europa.eu/ema/index.
jsp?curl= pages/regulation/document_listing/docu-
ment_listing_000168.jsp & murl = menus/regulations/
regulations.jsp & mid = WC0b01ac0580027256# .  

Exceptional circumstances 
 In accordance with Article 14(8) of the Regulation, 
following consultation with the applicant, an author-
isation may be granted under  ‘ exceptional circum-
stances ’ , subject to a requirement for the applicant to 
perform specifi c studies or implement certain meas-
ures, in particular concerning the safety of the 
product. Such authorisation must be based on one of 
the grounds set out in Directive 2001/83/EC, namely 
when, in respect of particular therapeutic indications, 
the applicant can show that he is unable to provide 
comprehensive data on the effi cacy and safety under 
normal conditions of use, because:
1.     the indications for which the product in question 
is intended are encountered so rarely that the appli-
cant cannot reasonably be expected to provide com-
prehensive evidence;  
2.     in the present state of scientifi c knowledge, com-
prehensive information cannot be provided; or  
3.     it would be contrary to generally accepted princi-
ples of medical ethics to collect such information.    

 The applicant may request advice from the EMA 
about the appropriateness of applying for a market-
ing authorisation under exceptional circumstances 
during the pre - submission meeting. 

 Marketing authorisation may be granted under 
exceptional circumstances on the following condi-
tions (i.e. specifi c obligations).

available in English only). Assessment reports are also 
available in case of negative outcomes including 
refusals or withdrawals of the marketing authorisa-
tion application. 

 Once a product is authorised through the central-
ised procedure, all its post - approval activities are 
undertaken by the EMA, with the same (co) -
 rapporteur(s) as far as possible. Once granted a EU 
marketing authorisation based on Article 3(2) of the 
Regulation, a medicinal product can no longer be the 
subject of a subsequent (or previous) national mar-
keting authorisation. 

 Where an applicant decides to withdraw the appli-
cation before a Decision has been adopted by the 
CHMP, including during the re - examination process, 
the applicant is required to communicate its reasons 
for doing so to the EMA and these reasons will be 
published. 

 Chapter  4  of Volume 2A of Notice to Applicants 
(EudraLex  [3] ) provides details of the centralised 
procedure and can be accessed at:  http://ec.europa.eu/
health/documents/eudralex/vol - 2/index_en.htm . 

 Various guidelines concerning centralised applica-
tions and related procedures can be accessed at: 
 http://www.ema.europa.eu/ema/index.jsp?curl =
pages/regulation/general/general_content_000316.
jsp & murl = menus/regulations/regulations.jsp & mid =
WC0b01ac05800a4902 .  

Special provisions for  centrally 
approvable  products 
 The EU pharmaceutical legislation includes special 
provisions for EU marketing authorisations applica-
tions falling under both the mandatory and the 
optional scope. Applications may qualify for acceler-
ated assessment, approval under exceptional circum-
stances, or conditional marketing authorisation. 
If the applicant intends to benefi t from these 
special provisions for their applications, this inten-
tion should be declared in the letter of intent, but the 
fi nal decision rests with the CHMP. 

Accelerated  assessment
 Article 14(9) of Regulation (EC) No 726/2004 states 
that when an application is submitted for a marketing 
authorisation in respect of medicinal products for 
human use that are of major interest from the point 
of view of public health and in particular from the 
viewpoint of therapeutic innovation, the applicant 
may request an accelerated assessment procedure. 

 Applicants requesting an accelerated assessment 
procedure should justify that the medicinal product 
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 The granting of a conditional approval will allow 
medicines to reach patients with unmet medical 
needs earlier than might otherwise be the case, and 
will ensure that additional data are generated, sub-
mitted, assessed and acted upon. Conditional mar-
keting authorisations are valid for 1 year, on a 
renewable basis. Before the annual expiry, the MAH 
shall apply for the renewal of the marketing authori-
sation. It is expected that conditional marketing 
authorisation will become normal marketing author-
isations once all necessary data are assessed.   

Compassionate use
 By way of exemption from Article 6 of Directive 
2001/83/EC, Member States may make available for 
compassionate use a medicinal product for human 
use belonging to the categories referred to in Article 
3(1) and (2) of Regulation (EC) No 726/2004. This 
includes prescriptions on a named - patient basis or 
prescriptions to groups of patients in the same 
indication. 

 With respect to EMA procedures,  ‘ compassionate 
use ’  means making a medicinal product (falling 
under either the mandatory or the optional scope) 
available for compassionate reasons to a group of 
patients with a chronically or seriously debilitating 
disease or whose disease is considered to be life -
 threatening, and who cannot be treated satisfactorily 
by an authorised medicinal product. The medicinal 
product concerned must either be the subject of an 
application for a marketing authorisation in accord-
ance with Article 6 of this Regulation, or must be 
undergoing clinical trials. The Member State permit-
ting the compassionate use must inform the EMA, 
and can request an opinion from the CHMP. 

 When compassionate use is envisaged on request 
from a Member State, the CHMP may after consult-
ing the manufacturer or the applicant adopt an 
Opinion on the conditions for use, the conditions for 
distribution and the patients targeted. The Opinions 
shall be updated on a regular basis. These CHMP 
Opinions are forwarded to the Member States who 
shall take them into account for the implementation. 
Where a compassionate use programme has been set 
up, the applicant shall ensure that patients taking part 
also have access to the new medicinal product during 
the period between authorisation and placing on the 
market. By end of 2010, the CHMP had adopted two 
opinions on compassionate use. 

 Guideline and information on compassionate use 
of medicinal products can be accessed at  http://
www.ema.europa.eu/ema/index.jsp?curl = pages/

1.     The applicant completes an identifi ed programme 
of studies within a time period specifi ed by the 
competent authority, the results of which shall 
form the basis of a reassessment of the benefi t – risk 
profi le.  
2.     The medicinal product in question may be sup-
plied on medical prescription only and may in certain 
cases be administered only under strict medical 
supervision, possibly in a hospital, and for a radio 
pharmaceutical by an authorised person.  
3.     The package leafl et and any medical information 
shall draw the attention of the medical practitioner 
to the fact that the particulars available concerning 
the medicinal product in question are as yet inade-
quate in certain specifi ed respects.    

 Continuation of the authorisation shall be linked 
to the annual reassessment of these conditions. It is 
not expected that a marketing authorisation granted 
under exceptional circumstances should become a 
normal marketing authorisation. Guideline on pro-
cedures for the granting of a marketing authorisation 
under exceptional circumstances can be accessed at: 
 http://www.ema.europa.eu/ema/index.jsp?curl = pages/
regulation/document_listing/document_listing_
000168.jsp & murl = menus/regulations/regulations.jsp 
& mid = WC0b01ac0580027256# .  

Conditional marketing  authorisation
 The legal basis for conditional approval is article 14 
of Regulation (EC) No 726/2004 implemented 
through Commission Regulation (EC) 507/2006 of 
29 March 2006. 

 In the case of certain categories of medicinal prod-
ucts, in order to meet unmet medical needs of 
patients and in the interests of public health, it may 
be necessary to grant marketing authorisations before 
all complete data can be generated and subject to 
specifi c obligations, hereinafter referred to as  ‘ condi-
tional approval ’ . However, the benefi t – risk balance of 
the product should already be judged positive. The 
medicinal products that may qualify for conditional 
approval are those that are aimed at the treatment, 
prevention or medical diagnosis of seriously debili-
tating or life - threatening diseases, or medicinal prod-
ucts to be used in emergency situations in response 
to public health threats. 

 Following consultation with the applicant, the 
CHMP may adopt an Opinion recommending a con-
ditional marketing authorisation to be granted 
subject to specifi c obligations to be reviewed annu-
ally. The list of these obligations is made publicly 
accessible. 
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and surveillance of medicinal products, thereby 
ensuring that public health is adequately protected 
across the EU, and supporting the achievement of the 
internal market for the pharmaceutical sector. 

 To that effect, the Regulation aims to strengthen 
the application of the EU pharmaceutical rules and 
to act as a deterrent in the area of marketing authori-
sations granted through the centralised procedure. It 
provides for a single mechanism for the enforcement 
of obligations linked to these authorisations where 
the infringement has a EU dimension or effect, but 
the procedure is extremely complex and lengthy, 
making it diffi cult to apply in practice. The Commis-
sion Regulation on penalties has been updated in 
2012 to include recent paediatric and pharmacovigi-
lance provisions.  

Sunset clause
 In accordance with Article 14(4) of Regulation (EC) 
No 726/2004, any marketing authorisation that is not 
followed by the actual marketing in the EU within 3 
years after the granting of the authorisation shall 
cease to be valid. However, the start of the 3 - year 
period should be the date when the medicinal product 
can be placed on the market by the MAH. The mar-
keting authorisation remains valid if at least one pres-
entation of the marketing authorisation is placed or 
remains on the market in at least one Member State 
in the EEA. However, for generic applications, this 
does not modify the 10 -  or 11 - year period of market 
exclusivity of the reference medicinal product which 
must be respected. 

 Article 14(5) of the same Regulation makes a 
similar provision for any medicinal product previ-
ously placed on the market but no longer actually 
present on the market for 3 consecutive years. These 
provisions apply prospectively to all centrally author-
ised medicinal products from the date of entry into 
force of the Regulation (i.e. 20 November 2005). 

 For medicinal products that have been granted a 
marketing authorisation before 20 November 2005 
and for which no more presentations are marketed in 
the EU at this date, the 3 - year period that may lead 
to the marketing authorisation ceasing to be valid 
started to count as of 20 November 2005. 

 Additionally, article 33 of the Paediatric Regulation 
(EC) No 1901/2006 also introduces a two - year time -
 frame to put the medicinal product on the market, 
should this product have been authorised following 
completion of a Paediatric Investigation Plan (PIP). 

 The EMA will monitor the application of the 
sunset clause provision based on the marketing status 

regulation/general/general_content_000293.jsp & mid 
= WC0b01ac058007e691 .  

Enforcement and  penalties
 In June 2007, the EC adopted Commission Regula-
tion (EC) 658/2007 concerning the imposition by the 
Commission of fi nancial penalties on the holders of 
marketing authorisations in order to ensure the 
enforcement of certain obligations connected with 
marketing authorisations granted in accordance with 
the centralised procedure. This Regulation imple-
ments Article 84(3) of Regulation (EC) No 726/2004. 

 The Regulation lists the obligations linked to mar-
keting authorisations and the conditions that may 
lead to EU enforcement, and provides for the 
maximum amount for penalties, the criteria for 
the imposition of penalties and the elements of the 
infringement procedure. Article 1 of this Regulation 
lists 17 types of infringements. Among others, this 
includes the completeness and the accuracy of the 
particulars and documents contained in an applica-
tion for marketing authorisation, conditions or 
restrictions included in the marketing authorisation 
and concerning the supply or use of the medicinal 
product, conditions or restrictions included in the 
marketing authorisation with regard to the safe and 
effective use of the medicinal product, the introduc-
tion of any necessary variations to the terms of the 
marketing authorisation to take account of technical 
and scientifi c progress and enable the medicinal 
products to be manufactured and checked by means 
of generally accepted scientifi c methods, the supply 
of any new information that may entail a variation to 
the terms of the marketing authorisation, the notifi -
cation of any prohibition or restriction imposed by 
the competent authorities of any country in which 
the medicinal product is marketed, or the supply of 
any information that may infl uence the evaluation of 
the risks and benefi ts of the product, the supply at the 
request of the Agency of any data demonstrating that 
the risk – benefi t balance remains favourable, notifi ca-
tion to the Agency of the dates of actual marketing 
and of the date when the product ceases to be on the 
market, recording and reporting of suspected serious 
adverse reactions, reporting of suspected serious 
unexpected adverse reactions and suspected trans-
mission of infectious agents, communication of 
information relating to pharmacovigilance concerns 
to the general public and collation and assessment of 
specifi c pharmacovigilance data. 

 These provisions are expected to contribute to the 
strategic goals of the framework for the authorisation 
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tion almost as a national application although they 
deal with the RMS (rather than the applicant) in 
respect of any concerns, queries or need for clarifi ca-
tion; the procedure is driven by predetermined 
deadlines. 

 At the completion of the 90 - day procedure, the 
applicant should anticipate receiving identical mar-
keting authorisations in each CMS, the only differ-
ences being in the authorisation number, product 
name, pack size or MAH. 

 The mutual recognition procedure is summarised 
in Figure  20.2 . The procedure begins on day 1 follow-
ing validation of the application by all CMSs. For 
practical purposes, the exact date of day 1 is deter-
mined so that day 75 approximately would coincide 
with a meeting of the Coordination Group for Mutual 
Recognition and Decentralised Procedures for 
Human Medicinal Products (CMD(h)), and is nor-
mally within 14 days of validation. By day 50, all 
CMSs are required to have communicated their con-
cerns to the RMS.   

 In response to the objections or questions com-
municated to the applicant by the CMSs, it is recom-
mended that the applicant should provide a draft 
response document to the RMS well before day 60, so 
that the RMS can comment on the responses and 
support the applicant ’ s response document, when 
considered as satisfactory, with a letter. By day 60, the 
applicant should respond to the CMSs, enclosing an 
RMS - approved revised SmPC. Additional informa-
tion from the applicant should always be sent to all 
the CMSs and to the RMS but it should be noted that 
the applicant does not have the possibility of address-
ing questions or objections by providing additional 
studies during the procedure. 

 The RMS should in all situations evaluate the 
response given by the applicant (to the issues raised 
by the CMSs) and communicate these in writing to 
all CMSs by day 68 at the latest. 

 By day 75, outstanding issues of serious risks to 
public health should be communicated by the CMSs 
to the applicant and the RMS and these are discussed 
in a face - to - face meeting, known as the  ‘ break - out 
session ’ . The break - out session is arranged, where 
possible, to coincide with CMD(h) meetings. The 
RMS will inform the MAH if it is considered that 
representatives from the applicant should be available 
at the relevant meeting to aid in the resolution of 
these issues. Although applicants should be aware 
that they may not be required to participate in the 
session, they may be asked to agree amendments to 
the SmPC, package leafl et and labelling or to answer 

data reported by the MAH for a specifi c medicinal 
product. 

 According to the Articles 14(6) of Regulation (EC) 
No 726/2004, the EC may grant exemptions from the 
application of the sunset clause on public health 
grounds and in exceptional circumstances. Exemp-
tions can apply at any time of the marketing authori-
sation life cycle, depending on the type of exemptions. 
It is the responsibility of the MAH to provide an 
adequate justifi cation for consideration by and deci-
sion of the EC.   

National applications

Applications through  mutual
recognition procedure 
 Once a medicinal product has been granted a market-
ing authorisation by one of the Member States (in a 
maximum of 210 days), the MAH may request that 
the marketing authorisation be entered into this pro-
cedure for mutual recognition by other Member 
States. This procedure applies when a medicinal 
product has been granted a marketing authorisation 
by one of the Member States, or when the same 
medicinal product is being examined by more than 
one Member State. Where a Member State is informed 
that another Member State has either authorised a 
medicinal product that is the subject of the marketing 
authorisation or is examining the application for the 
same medicinal product, the Member State con-
cerned shall reject the application and shall advise the 
applicant accordingly. In this case, the procedure 
must follow the mutual recognition procedure. 

 Within 90 days of the receipt of the mutual recog-
nition request, the original competent authority (i.e. 
the RMS) transmits the assessment report (updated 
if necessary), together with the SmPC approved by it, 
to each concerned Member State (the CMS) from 
whom the applicant seeks a marketing authorisation. 
The applicant submits an identical application (with 
the dossier updated if necessary) to each Member 
State from whom the applicant seeks a marketing 
authorisation (CMS). 

 The role of the RMS is to act as the scientifi c asses-
sor of the dossier, regulatory advisor to the applicant, 
a moderator in facilitating discussions between the 
applicant and the CMSs, to arrange, chair and admin-
ister the face - to - face meeting (breakout session) 
between the applicant and the CMSs, and to close the 
procedure appropriately. On receipt of an application 
for mutual recognition, each CMS treats the applica-
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leafl et and labelling should be agreed on by the RMS 
and all other CMSs. 

 All CMSs notify the RMS and the applicant of their 
fi nal position by day 90. If consensus is reached, the 
RMS closes the procedure with a fi nal version of the 
SmPC, and package leafl et. In case of a negative posi-
tion and the Member States are unable to reach a 
consensus, the CMS also notifi es the secretariat of the 
CMD(h) at the EMA. The application is referred to 

questions from the CMSs; applicants should there-
fore ensure that their representatives have the author-
ity to take such decisions. 

 All CMSs should give their fi nal positions at latest 
on day 85. On occasion, further discussion may 
be needed (either by telephone conference, video -
 conference or in a meeting) around day 85 to avoid a 
procedure in the CMD(h) or an arbitration by the 
CHMP. Any further changes in the SmPC, package 

     Figure 20.2     Mutual recognition procedure. CMD(h), Coordination Group for Mutual Recognition and Decentralised 

Procedures for Human Medicinal Products.  

Application to first Member 
State

First authorisation
(210 days from the application)

Update and issue of Assessment Report within 
90 days

Request for mutual recognition by applicant 

Mutual recognition procedure starts
after validation (Day 0)

Objections to be raised by Day 50 of 
the procedure

Applicant responds within 10 days

After dialogue and Breakout 
Session on Day 75:  

Issues resolved 
by Day 89

After dialogue and Breakout 
Session on Day 75: 

Issues NOT resolved
by Day 89

Examination by CMD(h)
If issue not resolved

Article 29 Referral to CHMP

Final national decisions by Day 90 
of procedure

Applicants may no longer withdraw as 
previously permitted

National authorisations within 30 
days

Commission Decision
No EU authorisations

approved
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and eventually to the CHMP if no consensus can be 
found by CMD(h). The decentralised procedure is 
shown in Figure  20.3 .   

 Step I commences when the RMS starts the proce-
dure. The RMS prepares and forwards the prelimi-
nary assessment report, SmPC, package leafl et and 
labelling to the CMSs on day 70. The CMSs have until 
day 100 to send their comments to the RMS. By day 
105, there is consultation between the RMS, CMSs 
and applicant. If consensus not reached, the RMS 
stops the clock to allow the applicant to supplement 
the dossier and respond to the questions. The appli-
cant sends the fi nal response document to the RMS 
and CMSs within a recommended period of 3 
months, which could be extended if justifi ed. On 
receipt of the responses, the clock is restarted as day 
106 and the RMS updates the preliminary assessment 
report to prepare a draft assessment report, draft 
SmPC, draft labelling and draft package leafl et which 
are sent to CMSs by day 120. The RMS may close the 
procedure if consensus is reached. 

 If on day 120 of step I consensus is not reached, 
step II begins with the RMS sending the updated draft 
assessment report, draft SmPC, draft labelling and 
draft package leafl et to CMSs who have a further 25 
days (day 145) in which to send their comments. The 
RMS may close procedure if consensus is reached 
(day 150) but if not, the RMS should communicate 
any outstanding issues to the applicant, receive any 
additional clarifi cations and prepare a short report 
for discussion within the next 30 days (day 180). A 
break - out session involving the CMSs takes place 
within the next 25 days (day 205). Over the next 5 
days (day 210), the procedure is closed if there 
is CMSs ’  approval of assessment report, SmPC, 
package leafl et and labelling. If consensus is still not 
reached by day 210, the application is referred to the 
CMD(h) with a view to resolving the points of 
disagreement. 

 Once consensus is reached, the procedure is fol-
lowed by for the granting of national authorisations. 
To this end, the applicant has 5 days during which to 
send the national translations of SmPC, package 
leafl et and labelling to the CMSs and RMS. The 
Member States then have a further 25 days in which 
to issue the marketing authorisations. 

 If the points of disagreement remain unresolved 
following the end of referral to CMD(h), the applica-
tion is referred to the CHMP for arbitration in 
accordance with article 29 of Directive 2001/83/EC. 

 Chapter  2  of Volume 2A of Notice to Applicants 
provides details of the decentralised recognition 

the CMD(h) with the RMS submitting to CMD(h) 
within 7 days the points of disagreement submitted 
by CMS(s) on day 90 of the procedure. If the CMD(h) 
is not able to resolve the disagreement, the matter is 
referred to CHMP. Withdrawal of applications during 
mutual recognition procedure are addressed later in 
this chapter. 

 Once a product goes through the mutual recogni-
tion procedure, all its post - approval activities (varia-
tions and extensions) are undertaken by the original 
RMS and go through the same procedure. Specifi c 
national requirements for labelling and package 
leafl et have to be presented in a  ‘ blue box ’ . Chapter  2  
of Volume 2A of Notice to Applicants (EudraLex  [3] ) 
provides details of the mutual recognition procedure 
and can be accessed at:  http://ec.europa.eu/health/
documents/eudralex/vol - 2/index_en.htm . The Head 
of Medicines Agencies ’  website provide information 
on national procedures  [4] .  

Applications through 
decentralised  procedure 
 The decentralised procedure was introduced as part 
of the Review 2001 (see Chapter  19 ), implemented in 
2005, and has proved to be very popular with the 
pharmaceutical industry. Some Member States have 
been inundated with requests to act as RMS which 
led to a rationing of start slots in 2009 – 2010. The 
choice of RMS is at the discretion of the applicant, 
and distribution of RMS within the CMD(h) is 
skewed with only fi ve National Competent Authori-
ties conducting greater than 80% of the applications 
received (Denmark, UK, Germany, Netherlands, 
Sweden). As a result, following agreement with a 
Member State well in advance of the proposed sub-
mission date, this Member State will be appointed by 
the applicant to act as RMS and will allocate a slot for 
submission. 

 The decentralised procedure allows obtaining mar-
keting authorisations in several Member States. It has 
the advantage over the mutual recognition procedure 
of building consensus before the approval of the 
medicinal product. As set out in Directive 2001/83/
EC, Member States have to approve during the decen-
tralised procedure the assessment report, the SmPC, 
the package leafl et and the labelling. The assessment 
process during decentralised procedure takes place in 
two steps, similar to the centralised procedure. 

 Step I is a 120 - day procedure followed by step II 
procedure, which has duration of a further 90 days. 
If no agreement can be reached at the end of step II, 
the application then requires referral to the CMD(h), 
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health ’ . In March 2006, the EC issued a guideline on 
the defi nition of a potential serious risk to public 
health: this is defi ned as signifi cant probability that a 
serious hazard resulting from the use of the medicinal 
product under evaluation will affect public health. 
 ‘ Serious ’  in this context means a hazard that could 
result in death, be life - threatening, result in patient 
hospitalisation or prolongation of existing hospitali-
sation, result in persistent or signifi cant disability or 
incapacity, or be a congenital anomaly/birth defect or 

procedure and can be accessed at:  http://ec.europa.eu/
health/documents/eudralex/vol - 2/index_en.htm .  

  Special  p rovisions for  m utual  r ecognition 
and  d ecentralised  p rocedures 

  Defi nition of  p otential  s erious  r isk to  p ublic  h ealth 
 Disagreement between Member States in respect of 
decentralised or mutual recognition procedures can 
only be based on  ‘ potential serious risk to public 

     Figure 20.3     Decentralised procedure. CHMP, Committee for Medicinal Products for Human Use; CMD(h), Coordination 

Group for Mutual Recognition and Decentralised Procedures for Human Medicinal Products; CMS, Concerned Member 

State; RMS, Reference Member State.  
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If yes, procedure closed

If yes, procedure closed
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medicinal products approved for the same 
indications.  
6.     A Member State requires a special interaction 
study with a medicinal product that is not usually 
prescribed or used together with the new medicinal 
product.     

Withdrawal  during the procedures 
 During the mutual recognition or the decentralised 
procedure, the applicant can only withdraw the appli-
cations from all Member States before day 90. If the 
applicant refuses to withdraw the application from a 
CMS that has major public health concerns, the CMS 
has no choice but to refer the application to the 
CMD(h). At the difference of the applicant, the RMS 
is free to and should refer the application to the 
CMD(h) if it considers any major objection to be 
unreasonable. Although a withdrawal by the appli-
cant can occur at any time during the mutual recog-
nition procedure, once a potential serious risk to 
public health has been raised, the Opinion of the 
CMD(h) and if necessary of the CHMP will be given 
unless all applications and existing marketing author-
isations for the product are withdrawn. In other 
words, withdrawing from a single Member State is 
not suffi cient to avoid arbitration. If the application 
is withdrawn from all CMSs, the CHMP may decide 
either to close or to continue the referral procedure 
if there still is a public health concern. 

 Member States that have approved the assessment 
report, the draft SmPC, package leafl et and the label-
ling of the RMS may, at the request of the applicant, 
authorise the medicinal product without waiting for 
the outcome of the referral procedure. In that event, 
the authorisation granted is without prejudice to the 
outcome of that procedure.  

Referral in  case of arbitration 
 In contrast to the earlier legislation whereby a referral 
for arbitration was made directly to the CPMP, the 
new legislation introduced in 2005 requires that the 
arbitration by CHMP is preceded by an examination 
of any question relating to marketing authorisation 
by the CMD(h). 

 The Member State(s) that cannot approve the 
documents mentioned above shall notify the RMS, 
other CMSs, the CMD(h) secretariat at the EMA, and 
the applicant at day 90 for mutual recognition appli-
cations and at day 210 at the latest for decentralised 
applications. The notifi cation should include detailed 
reasons for the negative position. It is the duty of the 
RMS to refer the matter to the CMD(h). In cases 

permanent or prolonged signs in exposed humans. 
The assessment of a potential serious risk to public 
health cannot be made in isolation, and has to take 
into account the positive therapeutic effects of the 
medicinal product in question.
1.     The data submitted to support therapeutic effi cacy 
in the proposed indication(s), target population(s) 
and proposed dosing regimen (as defi ned by the pro-
posed labelling) do not provide sound scientifi c jus-
tifi cation for the claims for effi cacy; or, adequate 
proof of bioequivalence of the generic medicinal 
products to the reference medicinal product is 
lacking.  
2.     The evaluation of the preclinical toxicity and/or 
safety pharmacology, clinical safety data and post -
 marketing data does not provide adequate support 
for the conclusion that all potential safety issues for 
the target population have been appropriately and 
adequately addressed in the proposed labelling; the 
absolute level of risk from the medicinal product, in 
the context of its proposed use, is considered 
unacceptable.  
3.     The proposed production and quality control 
methods cannot guarantee that a major defi ciency in 
the quality of the product will not occur.  
4.     The overall risk – benefi t balance for the product is 
not considered to be favourable, taking into account 
the nature of the identifi ed risk(s) and the potential 
benefi t in the proposed indication(s) and target 
patient population(s).  
5.     The product information is misleading or incor-
rect for either the prescribers or patients to ensure the 
safe use of the medicinal product.    
 Any such major objection must be scientifi cally justi-
fi ed. Any objection on the grounds of a potential 
serious risk to public health cannot be justifi ed by 
differences in national administrative or national sci-
entifi c requirements, or internal national policies. 
The following major objections are generally not 
accepted.
1.     The absence of an active comparator study versus 
a specifi c medicinal product.  
2.     The lack of clinical trials in a subgroup of patients 
who are not the target of the medicinal product.  
3.     The absence of evidence demonstrating added 
therapeutic value of the new medicine in comparison 
to existing medicines.  
4.     The length of the treatment varies according to 
national medical practices in the various Member 
States.  
5.     The targeted population is too narrow, and should 
include patients who are allergic or intolerant to 
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members of CMD(h) should have the proper mandate 
to make it possible to reach an agreement. In case no 
agreement could be reached at the meeting, the full 
60 days should be used to obtain an agreement 
between the RMS, CMSs and the applicant. In this 
situation, the RMS should circulate the fi nal proposal 
for agreement on the procedure on day 55 at the 
latest. The RMS should ensure that all CMSs have 
been provided the opportunity to state their fi nal 
view until the end of the given timeline. 

 If the Member States reach an agreement within 
these 60 days, the RMS shall record the agreement, 
close the procedure and inform the applicant of the 
outcome. Subsequently, the Member States shall 
adopt the decision in conformity with the agreed 
SmPC, labelling and package leafl et within 30 days 
after reaching the agreement. To obtain an approval 
in other Member States, a repeat use procedure must 
be started. 

 If the Member States fail to reach an agreement 
during the 60 - day period, the RMS should immedi-
ately inform the EMA and the applicant with a view 
to proceeding with the arbitration by CHMP (Refer-
ral under Article 29 of Directive 2001/83/EC). The 
EMA shall be provided with a detailed statement of 
the matters on which the Member States have been 
unable to reach agreement and the reasons for their 
disagreement. A copy shall be forwarded to the appli-
cant. As soon as the applicant is informed that the 
matter has been referred to the EMA, the applicant 
shall forthwith forward to the EMA a copy of relevant 
information and documents referred to in the fi rst 
subparagraph of Article 28(1) of Directive 2001/
83/EC.  

Change of RMS
 A change of RMS cannot take place during a pending 
procedure. In  exceptional  circumstances, the MAH 
may request a change of the RMS. The change may 
be needed for a variety of commercial reasons or 
when, for example, a medicinal product has more 
than one RMS for the different pharmaceutical forms 
of the medicinal product. However, a request for the 
change of RMS based on scientifi c disagreement 
between the MAH and the current RMS is not accept-
able. The competent authority of a Member State 
may decide upon other reasons of non - acceptance.  

Repeat use
 It is possible to use the mutual recognition procedure 
more than once for subsequent applications to other 
Member States in relation to the same medicinal 

where the RMS is negative on the application but one 
or more CMSs are positive, it is likewise the duty of 
the RMS to refer the matter to CMD(h). Within the 
CMD(h), all Member States are expected to use their 
best endeavours to reach agreement on the action to 
be taken. 

 The secretariat will propose a starting date for the 
60 - day procedure which should be no later than day 
30 after day 90/210 of the procedure concerned and 
day 60 of the referral is recommended to be set at least 
5 – 10 days after a CMD(h) meeting. The procedure 
does not include a clock stop. If, within 60 days of the 
communication of the points of disagreement, the 
Member States reach an agreement, the RMS shall 
record the agreement, close the procedure and inform 
the applicant accordingly. Each Member State shall 
adopt a decision and grant a marketing authorisation 
within 30 days after acknowledgement of the 
agreement. 

 At day 0, the RMS distributes a proposal for the list 
of questions to all Member States for agreement. On 
day 10, the CMD(h) secretariat sends the agreed list 
of questions to the applicant and inquires whether 
the applicant wishes to make his point of view known 
in writing only or have it presented orally at a 
CMD(h) meeting. Applicants are advised to discuss 
with the RMS the need for an oral explanation for all 
or specifi c questions. On about day 20 (correspond-
ing to the meeting of CMD(h) and referred to as 
meeting 1), the List of Questions is tabled for infor-
mation. The Member States will discuss the reasons 
for the referral and the positions of the RMS and 
CMSs. The CMD(h) will also consider taking advice 
from the CHMP, the Committee on Herbal Medicinal 
Products or the working parties and other scientifi c 
advisory groups. On or before day 25, the applicant 
sends the responses to the list of questions to all 
CMD(h) members. Around day 35, the RMS should 
circulate an updated assessment report to all CMD(h) 
members and to the applicant. Seven days before the 
next meeting of the CMD(h), referred to as meeting 
2, all members of CMD(h) should state their view 
on the response document in writing to all other 
CMD(h) members. The comments from the CMSs 
on the response document will be shared by the RMS 
with the applicant. The main scientifi c discussion 
should take place at the following CMD(h) meeting 
(referred to as meeting 2). In summary, the full dis-
cussion among all the parties concerned on these 
issues takes place at meeting 2 on or about day 50, of 
the referral and the procedure is concluded on day 60. 
To ensure the effi ciency of the procedure, the 
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the CHMP in arbitration, may not be raised again in 
any subsequent procedure.  

Sunset clause
 The CMD(h) have given their advice as to the imple-
mentation of the sunset clause with regard to the fate 
of medicinal products authorised through the mutual 
recognition or the decentralised procedure that are 
subsequently not marketed in the RMS or CMS. 
According to the CMD(h), the provisions of Article 
24(4 – 6) of Directive 2001/83/EC should be applied 
individually to each separate marketing authorisation 
granted by a national competent authority even 
where those authorisations are duplicates. Therefore, 
if a product approved by the  ‘ original marketing 
authorisation ’  is marketed while its duplicate is not 
for 3 consecutive years, only the authorisation of the 
duplicate should cease to be valid. The change of 
ownership to a marketing authorisation does not 
change the application of the sunset clause.    

Application for change in 
classifi cation of  supply

 Legislation already existed in the USA (Durham –
 Humphrey Amendment of 1951) to defi ne the 
kinds of medicines that could not be used safely 
without medical supervision and restricted their sale 
to prescription by a licensed practitioner. In 1958, the 
Food and Drug Administration (FDA) published the 
fi rst list of substances generally recognised as safe; 
medicinal products containing these substances 
could be dispensed without a medical prescrip -
tion  [5] . 

 In the EU, the relevant articles can be found in the 
codifi ed Directive 2001/83/EC, Articles 70 – 75. Article 
70 of Directive 2001/83/EC provides two classifi ca-
tions for the supply of medicinal products for human 
use in the EU: medicinal products subject to medical 
prescription; and medicinal products not subject to 
medical prescription. Article 71 provides the criteria 
for classifying a medicinal product as subject to 
medical prescription. Thus, a medicinal product that 
meets these criteria is subject to a medical prescrip-
tion and a medicinal product that does not meet 
these criteria is by default not subject to a medical 
prescription, as stated in Article 72. The legislation 
permits for subcategories of classifi cations which may 
be available for medicinal products not subject to a 
medical prescription at Member State level, such as 
those available in pharmacies only following initial 

product (repeat use). However, it is recommended 
that, wherever feasible, the MAH considers involving 
all Member States where the product is intended to 
be marketed in the fi rst use of mutual recognition 
procedure or decentralised procedure. 

 Each subsequent procedure will be treated as a new 
mutual recognition procedure including the possibil-
ity for the new CMSs to raise objections based on 
potential serious risk to public health. 

 In the case of such a repeat - use procedure, the 
subsequent application for mutual recognition will 
have to comprise the original dossier updated by any 
variation or renewal that had been approved and/or 
amended after authorisation; if necessary, additional 
data accepted by all Member States involved in the 
previous procedure and a proposal for an SmPC, 
package leafl et and labelling identical to that cur-
rently authorised. The RMS will send the original 
assessment report, including the assessment of the 
updated dossier and variations, as an Annex or as an 
updated assessment report to the CMSs. 

 In order to initiate a repeat use of a previous 
mutual recognition procedure since 30 October 2005, 
the applicant will have to have obtained harmo-
nisation of the package leafl et and labelling of the 
medicinal product concerned. Differences between 
the SmPC, package leafl et and labelling approved in 
one Member State and the SmPC, package leafl et and 
labelling submitted in another Member State do 
not automatically prevent the latter from a mutual 
recognition procedure. If these differences have no 
therapeutic implications (no difference in the effi cacy 
and safety profi le, i.e. both products have the same 
qualitative and quantitative (strength) composition 
in active substance and the same pharmaceutical 
form), they have to be considered as being the same 
and a mutual recognition procedure has to be 
followed. 

 A Member State concerned in any repeated mutual 
recognition procedure shall normally recognise the 
authorisation granted in the previous procedure. In 
exceptional circumstances, where a CMS considers 
that there are grounds for supposing that authorisa-
tion of the medicinal product concerned may present 
a potential serious risk to public health, the Member 
State shall refer the matter to the CMD(h). The appli-
cant cannot stop this procedure by withdrawing the 
application in the referring Member State. If no 
agreement can be reached in the CMD(h) the matter 
is referred for arbitration to the CHMP. Any matter 
dealt with by the CMD(h) in a previous mutual rec-
ognition procedure or decentralised procedure, or by 
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be given of, or references to, animal studies or studies 
on humans that show low general toxicity and no 
relevant reproductive toxicity, genotoxic or carcino-
genic properties relevant to the experience/exposure 
of the product. Experience in terms of patient expo-
sure to the substance needs to be considerable and 
should be outlined. Normally, new active substances 
that are potentially suitable for supply without a 
medical prescription will have been in widespread use 
for at least 5 years in medicinal products subject to a 
medical prescription. However, provided enough 
data are available, this does not exclude the possibility 
of an authority accepting a shorter time. Adverse drug 
reactions to the pharmaceutical form and dose pro-
posed for supply not subject to a medical prescription 
should in normal conditions be minor and should 
cease on discontinuing therapy. Information should 
be provided on the use without medical supervision 
if available (e.g. in another Member State or in a 
third country). Risks of drug interactions should be 
detailed. Consequences concerning misuse (e.g. use 
for longer periods than recommended), as well as 
accidental or intended overdose and the use of higher 
doses, should be discussed. Consequences for a 
patient who has incorrectly assessed his or her condi-
tion or symptoms should be considered, such as 
incorrect or delayed diagnosis of a patient ’ s condition 
or symptoms resulting from self - medication with the 
product. 

 Evidence of the product ’ s effi cacy is not normally 
considered in the application for changing the clas-
sifi cation for supply, unless this application also 
includes changes to the indications or posology. If 
other parts of the dossier are changed (e.g. indication, 
posology or strength), then supporting data should 
be provided. A suitable time period for treatment of 
the suggested indication(s) should be justifi ed and 
given, together with a proposed pack size. 

 A guideline on switch in classifi cation for supply, 
published in January 2006, can be accessed at:  http://ec.
europa.eu/health/fi les/eudralex/vol - 2/c/switchguide_
160106_en.pdf .  

Product  information
 For a medicinal product classifi ed for supply without 
a medical prescription, the proposed package leafl et 
and labelling are important elements of the applica-
tion and will be examined closely for comprehensive 
information and effectiveness in protecting patients 
from any safety hazards. It is therefore acceptable to 
add in the package leafl et general health information 
relating to the condition treated.  

medical diagnosis or available on general sale, as the 
case may be. 

 There are four criteria, any one of which may 
render a medicinal product subject to prescription 
control:
1.     when they are likely to present a danger either 
directly or indirectly, even when used correctly, if uti-
lised without medical supervision;  
2.     when they are frequently and to a very wide extent 
used incorrectly, and as a result are likely to present a 
direct or indirect danger to human health;  
3.     when they contain substances or preparations 
thereof the activity and/or adverse effects of which 
require further investigation; and  
4.     when they are normally prescribed by a doctor to 
be administered parenterally (for injection).    

 Article 4(4) of the Directive 2001/83/EC does not 
affect the application of national legislation prohibit-
ing or restricting the sale, supply or use of medicinal 
products as contraceptives or abortifacients. The 
Member States, however, shall communicate the 
national legislation concerned to the European 
Commission. 

 According to Article 71(4) of Directive 2001/83/
EC, a medicinal product that meets any of the criteria 
for supply subject to medical prescription may be 
classifi ed for supply not subject to medical prescrip-
tion if the maximum single dose, the maximum daily 
dose, the strength, the pharmaceutical form, certain 
types of packaging and/or other circumstances of 
use, can make supply without medical prescription 
appropriate. A change in status may apply to the 
whole of the marketing authorisation, or to a single 
presentation or strength. 

 In practice, the application of the prescription 
status is heterogeneous following Member States ’  
national legislations; therefore, at EU level, the EC 
decision on marketing authorisation only defi nes 
whether medicinal products require prescription. 

Application data for use without 
prescription 
 In all cases, the clinical overview, which is a critical 
analysis of the proposed availability of the product 
without a medical prescription with the dose and 
indications as stated in the application, must be 
provided. The report is expected to justify why 
none of the criteria that determine classifi cation for 
supply subject to a medical prescription applies to the 
medicinal product. 

 Safety data are vital in supporting any application 
for a change in the classifi cation. A summary should 
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and to the other Member States the changes that have 
been made to the list referred to above.   

Application for orphan 
medicine designation

 In order to benefi t from the incentives available to 
them, sponsors of medicinal products intended for 
rare diseases can apply for orphan designation. Spon-
sors should notify the EMA of their intention to 
submit an application at least 2 months prior to the 
planned submission date and are generally advised 
to have a pre - submission meeting with the EMA 
secretariat. 

 A sponsor applying for orphan designation of a 
medicinal product can apply for designation at any 
stage of the development of the medicinal product, 
but before the application for marketing authorisa-
tion is made. This means that if a marketing authori-
sation application for the same medicinal product has 
already been submitted by the same sponsor in any 
Member State within the EU or centrally through the 
EMA, whether or not the marketing authorisation 
has been granted, then that medicinal product is no 
longer eligible for designation as an orphan drug in 
the therapeutic indication that is proposed in the 
marketing authorisation application. A sponsor may 
apply for designation of a medicinal product for an 
already approved medicinal product in a common 
disease, provided the orphan designation concerns an 
unapproved orphan therapeutic indication. In this 
case, at the time of application for a marketing 
authorisation, the MAH shall apply for a separate 
marketing authorisation (with a different trade 
name) at EMA, which will cover only the orphan 
indication(s). 

 If more than one orphan indication is applied for 
the same product, separate designation applications 
should be submitted for each such indication. In this 
regard,  ‘ treatment ’  and  ‘ prevention ’  of the same con-
dition are considered as two separate indications. 

 To meet the criteria for a successful orphan desig-
nation, the applicant should establish:
1.     that the medicinal product is intended to treat, 
prevent or diagnose a disease or condition (medical 
plausibility);  
2.     the life - threatening or debilitating nature of the 
condition;  
3.     that the prevalence of the condition in the EU is 
not more than 5 in 10,000; or that it is unlikely that 
marketing the medicinal product in the EU, without 

Data exclusivity
 Articles 10 and 74a of Directive 2001/83 provide data 
exclusivity for 1 year to the applicant if the switch 
from prescription control to non - prescription use 
requires performing signifi cant preclinical tests and/
or clinical trials. This means that the competent 
authority shall not refer to the results of those tests 
or trials when examining an application by another 
applicant for or holder of marketing authorisation 
for a change of classifi cation of the same substance 
for 1 year after the initial change was authorised.  

Other provisions  relating to the legal status
 For products that are subject to national, mutual 
recognition/decentralised procedures only, it is 
expected that data exclusivity would be applied by 
each competent authority, and the presence of signifi -
cant studies will be mentioned in the marketing 
authorisation decision. Nevertheless, in the interest of 
maintaining harmonisation achieved previously 
during the original approval of the product, the 
Member States are encouraged to use their best 
endeavours to reach agreement on the legal status 
of a medicinal product and on the 1 - year data 
exclusivity. 

 For centrally authorised products, there is a unique 
legal status, which is mentioned in the conditions of 
the marketing authorisation (Annex II). It is possible 
to require either a change in classifi cation for some 
presentations within a marketing authorisation, or a 
separate marketing authorisation. Where a change in 
classifi cation is submitted within an existing market-
ing authorisation, the change requires the submission 
of a type 2 variation application, unless it introduces 
the need for, for example a new strength or pharma-
ceutical form, which may require a line extension. 
Alternatively, a separate stand - alone application for 
marketing authorisation could be submitted. The 
CHMP will assess the data submitted and issue a 
single Opinion for the change of the classifi cation and 
the EC will issue a Decision, including a statement of 
whether the change in classifi cation is based on sig-
nifi cant preclinical tests or clinical trials. 

 The legislation also requires the competent au -
thorities to draw up annually a list of the medicinal 
products subject, on their territories, to medical pre-
scription, specifying, if necessary, the category of clas-
sifi cation. The Directive also requires that when new 
facts are brought to their notice, the competent 
authorities should examine and, as appropriate, 
amend the classifi cation of a medicinal product. Each 
year, Member States have to communicate to the EC 
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responses are assessed by the EMA coordinator and 
COMP coordinators and discussed at the next 
meeting (day 90). If there are outstanding issues, 
these can be dealt with during a hearing on day 90, 
following which the Opinion is issued. In case of a 
negative Opinion, the applicant has full appeal rights 
with the appeal procedure to be notifi ed within a 30 -
 day time - frame. The grounds for appeal have to be 
communicated by the sponsor within 90 days of 
receipt of the negative Opinion. This procedure is 
usually subject to a review by a different COMP coor-
dinator. It is worth stressing that in contrast to CHMP 
Opinions, only a negative Opinion from COMP can 
be the subject of an appeal. 

 Designation of a product as orphan is based on 
presumptions for signifi cant benefi t. It is not an 
endorsement of its safety or effi cacy in the indication 
proposed because the designated product has yet to 
be shown and assessed to be safe and effective by 
CHMP. 

 Once fi nal, the Opinion of COMP is forwarded to 
the EC who issues a binding Decision on designation 
within 30 days, and the designated product is placed 
on the EU Register of Orphan Medicinal Products. 
Simultaneously, a Summary of the COMP Opinion is 
published on the EMA website. 

 As of November 2011, a total of 924 medicines 
have been awarded orphan designation by the EC, 
based on recommendations of the COMP. Of these, 
more than 60 have now been successful in obtaining 
a positive EMA Opinion on marketing authorisa -
tion, with more positive Opinions expected over the 
coming years. The list of the designated or approved 
products is available at  http://ec.europa.eu/health/
documents/community - register/html/index_en.htm . 

 The Commission guideline on the format and 
content of applications for designation as orphan 
medicinal products, and other relevant guidelines 
can be accessed at:  http://www.ema.europa.eu/ema/
index.jsp?curl = pages/regulation/document_listing/
document_l is t ing_000292. jsp & mid =  WC0b0
1ac0580119251 .  

Application for Paediatric 
Investigation Plan or waiver

 Regulation (EC) No 1901/2006 on medicinal prod-
ucts for paediatric use (Paediatric Regulation) 
requires the early submission of either a paediatric 
development plan for medicinal products  –  the PIP 
 –  according to Article 7 or 8 of the Regulation, or 
of a waiver of such development. This is neces -

incentives, would generate suffi cient return to justify 
the necessary investment; and  
4.     that no satisfactory method of diagnosis, preven-
tion or treatment exists; or, if such a method exists, 
that the medicinal product will be of signifi cant 
benefi t to those affected by the condition.    
 All criteria must be satisfi ed and all claims require to 
be adequately substantiated by data to the satisfaction 
of the Committee for Orphan Medicinal Products 
(COMP). 

 In addition to all the required administrative infor-
mation, the application should include detailed infor-
mation concerning:
1.     description of the condition;  
2.     prevalence of the condition;  
3.     potential for return on investment (when this is 
the basis for the application);  
4.     existence of other methods of diagnosis, preven-
tion or treatment;  
5.     description of the stage of development; and  
6.     bibliography.    

 The sponsor of a medicinal product for human use 
may seek orphan designation from both the EC and 
the US FDA. In such a case, the sponsor may apply 
for orphan designation of the same medicinal product 
for the same use in both jurisdictions by using the 
common application form which is then submitted 
to each Agency. 

 On receipt of a valid application, an EMA staff 
member is appointed and the COMP appoints one or 
two coordinators (one or two COMP members) for 
each application. The EMA coordinator will prepare 
a summary report on the application, subsequently 
supplemented and critically reviewed by the COMP 
coordinator(s). The summary report will include 
data reported in the sponsor ’ s application, a critical 
review and a conclusion. Where there is a need for 
written or oral explanation from the sponsor, this will 
be highlighted in the summary report. In this case, 
the report will identify the main issues to be addressed 
by the sponsor. 

 Following review by the COMP coordinator(s), the 
summary report will be circulated to the COMP 
members for comments. Members of COMP will 
forward comments to EMA, with other COMP 
members on copy, in accordance with the adopted 
timetable. The summary report is discussed at the 
COMP meeting (day 60). If the COMP is satisfi ed 
that the criteria are met, a positive Opinion on 
designation is issued. When there are issues that 
require clarifi cation, a list of questions or issues to 
be addressed is sent to the applicant with the draft 
summary report and an invitation to a hearing. The 
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  A6:   Marketing authorisation status of the 
medicinal product;  

  A7:   Advice from any regulatory authority 
relevant to the development in the paediatric 
population;  

  A8:   Orphan medicine status in the EEA;  
  A9:   Planned application for marketing authori-

sation/line extensions/variation;  
  A10:   Any annexed documentation where appro-
priate such as: 

    •      a letter of authorisation for the person 
authorised to communicate on behalf of the 
applicant;  
   •      a copy of any scientifi c advice given by the 
EMA/CHMP or any other EEA national 
competent authority;  
   •      a copy of US FDA written request and/or 
any advice, Opinion or decision relating to 
paediatric information given by a regula-
tory agency outside EEA;  
   •      a copy of any Commission Decision on 
orphan designation;  
   •      a copy of any previous EMA decision on 
a PIP or a negative Opinion of the Paediat-
ric Committee on such plans;  
   •      a copy of a representative SmPC recently 
granted in the EEA (where available.    

  A11:   Table of translations of the EMA decision 
(if requested).    

  B.   Overall development of the medicinal product 
including information on the conditions: 

   B1:   Discussion on similarities and differences of 
the disease/condition between populations;  
  B2:   Discussion of anticipated similarities and 
differences of the effect of the product on the 
disease/condition;  
  B3:   Prevalence and incidence in the paediatric 
population;  
  B4:   Current methods of diagnosis, prevention or 
treatment in paediatric populations;  
  B5:   Signifi cant therapeutic benefi t or fulfi lment 
of therapeutic needs.    

  C:   Request for waivers with justifi cations.  
  D:   Proposal for the development in children with an 
overview of formulations, studies and trials.  
  E:   Timelines of studies and requests for Deferrrals.     

Applications for paediatric waivers 
 As some diseases do not affect children (e.g. Alzheim-
er ’ s disease), the development of medicines intended 
for these diseases should not be performed in children; 
the requirement for paediatric development will there-
fore be waived by the Paediatric Committee. 

sary regardless of the authorisation procedure envis-
aged, i.e. the obligation is the same whether the 
applicant intends to use a national, mutual recogni-
tion or decentralised procedure, or a centralised 
procedure. The normal development of a medicine 
now requires that data be submitted for evaluation 
to ensure its quality, safety and effi cacy including 
for children ’ s use. The development plan will be 
modifi ed with increasing knowledge about the 
medicine. 

 A PIP is a development plan aimed at ensuring that 
the necessary studies with children are performed, 
when it is safe to do so, to support the authorisation 
of the medicine for children. The plan should be sub-
mitted by companies developing medicines to the 
EMA Paediatric Committee, which is responsible for 
agreement or refusal of the plan. Conversely to other 
procedures, the Decision is issued by the EMA Execu-
tive Director and not by the EC. 

 The PIP includes a description of the studies, time-
lines and of the measures to adapt the way the medi-
cine is presented (formulation and pharmaceutical 
form) to make its use more acceptable in children 
(supporting a full indication in all age groups of chil-
dren from birth to 18 years of age). For example, 
young children cannot swallow large tablets so the 
availability of dispersible tablets may be more appro-
priate. The PIP should cover the needs of all age 
groups of children, including neonates. The PIP 
should also defi ne the timing of studies in children 
compared to adults. In most cases, studies will be 
deferred until after the studies in adults have been 
conducted, to ensure that research with children is 
performed only when it is safe to do so. 

 PIP and waiver decisions are published in a sum-
marised form on the EMA website:  http://www.
ema.europa.eu/ema/index.jsp?curl = pages/medicines/
landing/pip_search.jsp & mid =  WC0b01ac0580
01d129.  

Application for a Paediatric 
Investigation Plan 
 The electronic application should include the follow-
ing information in detail.
   A.   Administrative and product information: 

   A1:   Name or corporate name and address of the 
applicant and contact person;  

  A2:   Type of product;  
  A3:   Name of the active substance;  
  A4:   Details of the medicinal product;  
  A5:   Regulatory information on clinical trials 

related to the condition and to the development 
in the paediatric population;  
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demonstration of signifi cant benefi t over authorised 
products. 

 It is important to secure pan - European advice 
through consultation of the dedicated working party 
of the CHMP, the Scientifi c Advice Working Party 
(SAWP). The SAWP currently faces a continuous 
increase in the number of procedures and meetings 
with applicants. A steep increase in the number of 
procedures was observed since 2001, nearly doubling 
in the fi rst 4 years (109 procedures were fi nalised in 
2004). An improved scientifi c advice procedure was 
adopted by the CHMP in April 2005, providing for 
earlier and greater involvement of internal assessors 
and external experts from the pre - submission phase 
to fi nal scientifi c advice. The objective was to stream-
line the procedure to allow fi nalisation within 40 or 
maximally 70 days (decreasing from the 100 - day pro-
cedure). This framework also consolidated the 
involvement of CHMP by formalising the peer -
 review before fi nal adoption of the letter to maximise 
the clarity and ensure consistency in the provision 
of scientifi c advice. The success of such a voluntary 
procedure is refl ected by the fact that 398 procedures 
were fi nalised in 2010 (including 76 for protocol 
assistance). 

 Fees are chargeable for the scientifi c advice and the 
level depends not on the number of questions, but on 
whether the advice is requested on all or any combi-
nation of safety, quality and effi cacy questions and 
also on whether it is a follow - up request. Scientifi c 
advice is free for any paediatric question, and reduced 
fees are available for protocol assistance for orphan 
medicines and small and medium - sized enterprises 
applicants. 

Scientifi c  advice and protocol 
assistance from  CHMP
 A pre - submission meeting for scientifi c advice or for 
protocol assistance is highly recommended, especially 
for applicants with less experience, or diffi cult or con-
troversial requests. The pre - submission meeting is 
requested at the time of submission of the letter 
of intent (about 2 months in advance of the antici-
pated start of the procedure). Once a pre - submission 
meeting date is agreed, applicants will be requested 
to send the relevant background information con-
taining the draft briefi ng book including the appli-
cant ’ s questions and position. These should be sent 
to the EMA at least 5 working days before the antici-
pated meeting. EMA scientifi c administrators manage 
these pre - submission meetings, with participation 
from SAWP members. 

 The grounds for a waiver of the paediatric develop-
ment are defi ned in Article 11 of the Paediatric Regu-
lation. These include the lack of signifi cant therapeutic 
benefi t, the likelihood for the product to be ineffec-
tive or unsafe and, as in the example above, the fact 
that the disease only occurs in adults. 

 No product - specifi c waiver may be necessary if the 
therapeutic indication and the subset of the paediat-
ric population are already covered by a  ‘ class ’  waiver. 
Where the requirements of Articles 7 and 8 of the 
Paediatric Regulation are partially covered by class 
waiver but a product - specifi c waiver is necessary to 
satisfy the requirements, the class waivers should be 
referred to when specifying the scope of the product -
 specifi c waiver. 

 Applicants are encouraged to inform the Paediatric 
Committee when new information becomes available 
that suggests that a class or product - specifi c waiver 
should be reviewed in accordance with Article 14(2) 
of the Paediatric Regulation. 

 On 24 September 2008, the EC published an imple-
menting guideline  ‘ Guideline on the format and 
content of applications for agreement or modifi ca-
tion of a PIP and requests for waivers or deferrals and 
concerning the operation of the compliance check 
and on criteria for assessing signifi cant studies ’ . This 
guideline can be accessed at:  http://ec.europa.eu/
health/documents/eudralex/vol - 1/index_en.htm
#c243    

Applications for scientifi c  advice
and protocol  assistance

 In order to optimise drug development and maximise 
chances of approval, it is often necessary to obtain 
scientifi c views (scientifi c advice) from the authori-
ties on issues that are not already covered by existing 
guidelines or when the applicant is proposing to 
deviate from guidelines. Scientifi c advice also reduces 
the risk for inconsistencies between Member States. 
It is particularly important to seek this advice  before
embarking on phase III studies. Protocol assistance is 
the term used for scientifi c advice for the develop-
ment of orphan medicinal products. 

 Protocol assistance for orphan drugs is essential 
in view of the unique challenges associated with the 
development of these products (small sample sizes in 
trials, widely distributed patient population, use of 
comparators versus placebo, choice or availability of 
endpoints) and to make sure that all criteria for des-
ignation are likely to be addressed, especially the 
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On day 60 (SAWP 3), the discussion meeting takes 
place with the applicant. The coordinators present 
preliminary conclusions at the end of the discussion 
meeting. At a debriefi ng in the SAWP plenary, the 
controversial issues are rediscussed and agreed upon 
by all SAWP members. 

 Around day 63, the coordinators send a joint 
report to the EMA secretariat. The report is for-
warded for comments to all members of SAWP, 
the relevant working parties, committees and any 
additional experts, and to the COMP in case of ques-
tions on signifi cant benefi t. The coordinators ’  joint 
report and the draft advice letter to the applicant are 
adopted by the SAWP through a written procedure. 
The CHMP/SAWP/EMA peer review takes place to 
check content consistency and coherence. Around 
day 70, the fi nal advice letter is presented to and 
adopted by the CHMP (and by the COMP at 
their next meeting in case of question on signifi cant 
benefi t for protocol assistance) and then sent to the 
applicant. 

 The applicant may request a clarifi cation after 
receipt of the fi nal advice letter; this is  only  intended 
to provide the applicant with the opportunity to 
clarify the meaning of CHMP advice that is perceived 
as being not clear or precise enough. 

 The answer and the advice given are based on the 
questions and the documentation submitted without 
prejudice to evolution and developments in the state -
 of - the - art or the applicable legislation relating to the 
particulars and documents to be submitted in a mar-
keting authorisation application. When providing 
scientifi c advice or protocol assistance, the CHMP or 
COMP (for questions related to demonstration of 
signifi cant benefi t) do not pre - empt the outcome of 
the evaluation of any subsequent marketing authori-
sation application. 

 As circumstances can change, especially in the case 
of early advice or subsequent scientifi c developments, 
an alternative approach to that advised may be even 
preferable. In this case it is recommended that com-
panies request a follow - up to the initial scientifi c 
advice or protocol assistance given. Where companies 
choose not to apply the advice, they are requested to 
justify scientifi cally their position in any subsequent 
marketing authorisation application. Likewise, the 
CHMP/COMP will provide argumentation during 
the evaluation of the marketing authorisation 
application if and when diverging from the advice 
it gave. 

 Since 2009, the CHMP/SAWP also provides 
advice to support the qualifi cation of innovative 

 A scientifi c advice team consists of two coordina-
tors from the working party, the EMA secretariat and 
any additional experts nominated by SAWP. Once the 
request is validated by the EMA, it is sent by the 
applicant to the coordinators and also forwarded 
to SAWP members and to other relevant working 
parties by the SAWP secretariat. For protocol assist-
ance, if the request includes issues relating to demon-
stration of signifi cant benefi t, a third coordinator 
(or one of the two) who is one of the COMP repre-
sentatives to the SAWP will also be appointed as a 
coordinator. 

 On day 0, the procedure starts (this meeting is 
referred to as SAWP 1). According to the deadline 
(around day 20), the coordinators send their  fi rst
reports to the EMA secretariat. The reports are for-
warded for comments to the SAWP, the relevant 
working parties and any additional experts and to the 
COMP (for protocol assistance questions on signifi -
cant benefi t). On day 30 (SAWP 2), the SAWP dis-
cusses the fi rst reports, focusing on controversial 
issues. The SAWP confi rms at this stage whether the 
advice can be adopted at the consecutive CHMP 
meeting (around day 40) or whether it is necessary to 
invite the applicant for a discussion meeting. 

 If the SAWP decides at SAWP 2 that there is 
no need for a discussion meeting, the coordinators 
send a joint report to the EMA secretariat. The joint 
coordinators ’  report, which is the basis for the draft 
advice letter to the applicant is adopted around day 
33 by the SAWP through a  written procedure . The 
report is forwarded for comments to all members 
of SAWP, the relevant working parties/committees 
and any additional experts for comments. The 
CHMP/SAWP/EMA peer review takes place to check 
content consistency and coherence. At the consecu-
tive CHMP meeting, the fi nal advice letter is pre-
sented to and adopted by the CHMP (and by the 
COMP at their next meeting in case of question on 
signifi cant benefi t for protocol assistance) and sent to 
the applicant. 

 If it is decided at SAWP 2 that it is necessary to 
invite the applicant for a discussion, for example in 
cases of disagreement with the proposed develop-
ment plan, the SAWP will adopt and send to the 
applicant a list of issues to be addressed at the discus-
sion meeting. The SAWP may request the applicant 
to address issues in writing as well. The applicant may 
also propose in writing to the EMA additional points 
for discussion that were not part of the adopted list 
of issues, and submit in writing an amended develop-
ment programme ahead of the discussion meeting. 
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Joint  scientifi c  advice with Health 
Technology Assessment Bodies and Payers 
 Since 2011, there is a scheme for joint advice given to 
pharmaceutical companies between EMA and some 
Health Technology Assessment (HTA) Bodies and 
Payers. This is part of the EMA work with the Euro-
pean Network of HTA bodies (EUNetHTA), initiated 
on request from the European Commission, and 
national bodies. The principle is not to modify or add 
to the criteria or standards on which medicinal prod-
ucts are authorised, but rather ensure that the data 
are presented in a way that make them useful to 
HTAs, and to allow companies to include in the trials 
the elements necessary to assess the added therapeu-
tic value more consistently with the elements in 
design or endpoints that will satisfy the regulatory 
authorities for marketing authorisation. These scien-
tifi c advice meetings are extremely successful (seven 
meetings in 2011).   

Application for registration of 
herbal medicinal products 

 In order to obtain traditional use registration, the 
applicant shall submit an application to the compe-
tent authority of the Member State concerned. The 
applicant and registration holder shall be established 
in the EEA. The application shall be accompanied by 
the particulars and various documents, including any 
authorisation or registration obtained by the appli-
cant in another Member State, or in a third country, 
to place the medicinal product on the market, and 
details of any decision to refuse to grant an authorisa-
tion or registration, whether in the EU or a third 
country, with the reasons for any such decision, and 
bibliographic safety data. 

 Article 16a – c of Directive 2001/83/EC, as amended 
by Directive 2004/24/EC, provides for a simplifi ed 
registration procedure for traditional herbal medici-
nal products that fulfi l all of the following criteria.
1.     They have indications exclusively appropriate to 
traditional herbal medicinal products which, by 
virtue of their composition and purpose, are intended 
and designed for use without the supervision of a 
medical practitioner.  
2.     They are exclusively for administration in accord-
ance with a specifi ed strength and posology.  
3.     They are an oral, external and/or inhalation 
preparation.  

drug development methods for a specifi c intended 
use in the context of research and development into 
pharmaceuticals. The method can apply to non -
 clinical or to clinical studies, such as the use of a 
novel biomarker. The opinion is based on the 
assessment of data submitted to the Agency. Before 
fi nal adoption of qualifi cation opinion, the CHMP 
makes its evaluation open for public consultation 
by the scientifi c community. This ensures that the 
CHMP shares information, as agreed with the 
applicant, and is open to scientifi c scrutiny and 
discussion.  

Parallel  scientifi c  advice from 
FDA  and  CHMP
 Effective from 1 January 2005, there is a scheme for 
 ‘ parallel ’  scientifi c advice between SAWP and FDA. 
The goal of this process is to provide a mechanism 
for EMA and FDA assessors and sponsors to exchange 
their views on scientifi c issues during the develop-
ment phase of new medicinal products in the frame-
work of the confi dentiality arrangements. Some of 
these parallel scientifi c advice meetings may occur at 
the request of the sponsor, but other are initiated by 
either the EMA or the FDA. 

 Prime candidates for parallel scientifi c advice 
are products for orphan indications or paediatric 
populations, or innovative medicinal products, espe-
cially if the guidelines from the EMA and from the 
FDA differ signifi cantly. Each agency will provide 
their independent advice to the sponsor on the ques-
tions posed during the parallel scientifi c advice, 
according to their usual procedures and the advice 
of each agency may still differ after joint discussion. 
The initial procedure proved to be quite diffi cult to 
organise and has been successfully modifi ed to take 
the form of ad hoc teleconferences. 

 Regulatory and procedural guidelines for scientifi c 
advice and protocol assistance can be accessed at 
 http://www.ema.europa.eu/htms/human/raguidelines/
sa_pa.htm . 

 As a complement, applicants may solicit scientifi c 
advice from individual Member States and, according 
to various surveys conducted by the European Fed-
eration of Pharmaceutical Industries and Associa-
tions, they often do so with a view to having a direct 
face - to - face discussion on specifi c aspects. These 
surveys reveal the EU Member States most often con-
sulted are Germany, France, the Netherlands, Sweden 
and the UK. Divergent advice at national level may 
trigger the need for EMA scientifi c advice.  
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necessary to modify the registration dossier accord-
ingly. The registration holder shall notify any such 
modifi cation to the competent authority of the 
Member State concerned. By end of 2011, the HMPC 
has established about 80 herbal monographs.  

Applications for clinical
trials authorisation

 Until harmonised in 2001, the regulation of clinical 
trials within the EU was very heterogeneous. Although 
a survey in December 2007 showed that there are still 
areas of different practices among the Member State, 
the conduct of clinical trials in the EU is now highly 
regulated by Directive 2001/20/EC and there is greater 
harmony than before. The Directive contains specifi c 
provisions regarding the conduct of clinical trials, 
including multicentre trials, on human subjects. It set 
standards relating to the implementation of Good 
Clinical Practice and Good Manufacturing Practice, 
with a view to protecting clinical trial subjects, and 
had to be implemented as of May 2004. Subsequently, 
Commission Directive 2005/28/EC of 8 April 2005 
laid down the principles and detailed guidelines for 
Good Clinical Practice and Commission Directive 
2003/94/EC of 8 October 2003 laid down the prin-
ciples and guidelines of Good Manufacturing 
Practice. 

 Directive 2001/20/EEC is very detailed, addressing 
administrative, ethical and scientifi c standards of 
interventional clinical trials (see also Chapter  18 ). 

 Non - interventional studies are excluded from the 
scope of the Directive. Non - interventional study 
means a study where medicinal products are pre-
scribed in the usual manner in accordance with the 
terms of the marketing authorisation. 

 The Directive contains detailed articles on the 
conduct of a clinical trial, inclusion into the European 
database (EudraCT), exchange of safety information 
between Member States, EMA and the EC, the reasons 
and procedures for suspension of the trial by a 
Member State, and notifi cation of adverse events, 
including serious adverse reactions. 

 Volume 10 of the  The rules governing medicinal 
products in the European Union  contains guidance 
documents applicable to clinical trials and can be 
accessed at:  http://ec.europa.eu/health/documents/
eudralex/vol - 10/index_en.htm . 

 The Clinical Trials Directive is currently under 
review by the EC and a new proposal to the European 

4.     The period of traditional use for the medicinal 
product in question, or a corresponding product in 
medicinal use throughout is a period of at least 30 
years preceding the date of the application, including 
at least 15 years use within the EU.  
5.     The data on the traditional use of the medicinal 
product are suffi cient; in particular, the product 
proves not to be harmful in the specifi ed conditions 
of use and the pharmacological effects or effi cacy of 
the medicinal product are plausible on the basis of 
long - standing use and experience.    
 The requirement to show medicinal use through-
out the period of 30 years is satisfi ed even where 
the marketing of the product has not been based 
on a specifi c authorisation. It is likewise satisfi ed 
if the number or quantity of ingredients of the 
medicinal product has been reduced during that 
period. 

 Medicinal use outside the EU should be taken into 
account only if the medicinal product has also been 
used within the EU for a certain time. Where there is 
limited evidence of use within the EU, it is necessary 
to assess carefully the validity and relevance of use 
outside the EU with consultation of the Herbal 
Medicinal Products Committee (HMPC) as appro-
priate to support this evaluation. However, the sim-
plifi ed procedure should be used only when no 
marketing authorisation can be obtained through 
procedures for typical medicinal products in particu-
lar well - established use applications. 

 In order to promote harmonisation, Member 
States are expected to recognise registrations of tra-
ditional herbal medicinal products granted by 
another Member State based on EU herbal mono-
graphs or consisting of substances, preparations or 
combinations thereof contained in any EU list that 
may have been established. 

 Where the product has been used in the EU for less 
than 15 years, but is otherwise eligible for simplifi ed 
registration, the Member State where the application 
has been submitted shall refer the product to the 
HMPC with the relevant supporting documentation. 
The HMPC shall consider whether the other criteria 
for a simplifi ed registration as referred to above are 
fully complied with. If the HMPC considers it pos-
sible, it shall establish EU herbal monographs as 
referred to in Article 16h(3) which shall be taken into 
account by the Member State when taking its fi nal 
decision. 

 When new EU herbal monographs are established, 
the registration holder shall consider whether it is 
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 One of the key guiding principles applied in this 
Regulation (as in previous versions) is that variations 
to medicinal products can be classifi ed in different 
categories, depending on the level of risk to public 
health and the impact on the quality, safety and effi -
cacy of the medicinal product concerned. The Regu-
lation seeks to defi ne each of those categories. In 
order to bring further predictability, guidelines on the 
details of the various categories of variations were 
established with the intention that they be regularly 
updated in the light of scientifi c and technical 
progress, taking into particular account develop-
ments regarding international harmonisation. The 
EMA and the Member States have also been empow-
ered to give recommendations on the classifi cation of 
 ‘ unforeseen ’  variations. 

 As regards the classifi cation approach applied, 
certain (high risk) changes that have the highest 
potential impact on the quality, safety or effi cacy of 
medicinal products require a complete scientifi c 
assessment, in the same way as for the evaluation of 
new marketing authorisation applications, and these 
represent the category of  ‘ extension applications ’ . 

 At the other end of the spectrum and in order to 
further reduce the overall number of variations pro-
cedures and to enable competent authorities to focus 
on those variations that have a genuine impact on 
quality, safety or effi cacy, an annual reporting system 
was introduced for certain minor variations which 
should not require any prior approval and should 
only be notifi ed within 12 months following imple-
mentation, i.e. the category of  ‘ type IA variations ’ . 
However, other types of minor variations whose 
immediate notifi cation is necessary for the continu-
ous supervision of the medicinal product concerned 
are not subject to the annual reporting system: the 
category of  ‘ type IA in ’ . 

 Classically in the EU, each variation required a 
separate submission. However, in a further effort at 
simplifi cation and fl exibility, the new Regulation 
allowed grouping of variations in certain cases, in 
order to facilitate the review of the variations and 
reduce the administrative burden. Grouping of 
variations to the terms of several marketing authori-
sations from the same MAH was also allowed in so 
far as all concerned marketing authorisations are 
affected by the exact same group of variations. On 
a practical level, this translates to the following 
possibilities.
1.     Where the same minor variations of type IA to 
the terms of one or several marketing authorisations 
owned by the same holder are notifi ed at the same 

Parliament and to the Council has been released in 
2012.  

Post -approval  variations to 
marketing authorisations

 Once a medicinal product has received a marketing 
authorisation within the EU there is a continuing 
obligation on the MAH to maintain this marketing 
authorisation in line with emerging knowledge on 
the use of the product while it remains authorised 
for marketing within the EU. Particular emphasis is 
given to pharmacovigilance monitoring of the 
product after it is placed on the market so that the 
most up - to - date and accurate information may be 
given to health care professionals and patients 
regarding the use of the product. In addition, there 
is a duty of care on the MAH to ensure that the 
control of the quality of the product is maintained 
in accordance with the evolving state of the art, 
which may necessitate changes to manufacturing 
processes and/or product specifi cations. Further-
more, the MAH is sometimes obliged to conduct a 
series of post - authorisation clinical trials or other 
studies to gather additional safety and or effi cacy 
information about the product, as well as constantly 
monitor emerging scientifi c literature that may bring 
to the public relevant information about the clinical 
use of the authorised product. All of these obliga-
tions and activities may lead to new knowledge about 
the use of a medicinal product post - authorisation, 
necessitating the supplementation of the original 
marketing authorisation dossier through submission 
of variations. 

 The current EU legal framework regarding varia-
tions to the terms of marketing authorisations is laid 
down in Commission Regulation (EC) No 1234/2008 
of 24 November 2008 concerning the examination of 
variations to the terms of marketing authorisations 
for medicinal products for human use and veterinary 
medicinal products (Variations Regulation). Within 
the corpus of pharmaceutical legislation, it is rela-
tively new and came into effect in January 2010, 
introducing a number of signifi cant changes as to 
how variations are processed within the EU. In the 
light of practical experience in the application of 
earlier Variations Regulations (issued in 1995 and 
2003), it was considered appropriate to establish a 
simpler, clearer and more fl exible legal framework, 
while guaranteeing the same level of public and 
animal health protection. 
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time to the same relevant authority, a single notifi ca-
tion may cover all such variations.  
2.     Where several variations to the terms of the same 
marketing authorisation are submitted at the same 
time, a single submission may cover all such varia-
tions provided that the variations concerned fall 
within one of the cases listed in Box  20.3  or, if they 
do not fall within one of those cases, provided that 
the competent authority of the RMS in consultation 
with the other Member States concerned or, in the 
case of a centralised marketing authorisation, the 
Agency, agrees to subject those variations to the same 
procedure.      

 In addition to the introduction of this grouping 
concept, a work - sharing procedure was also estab-
lished, under which one authority chosen amongst 
the competent authorities of the Member States 
and the EMA can examine the variation on behalf of 
the other concerned authorities. This work sharing 
was introduced to avoid duplication of work in 
the evaluation of variations to the terms of several 
marketing authorisations across the different agen-
cies and competent authorities. Once again on a 
practical level this translates into the following 
possibilities. Where a minor variation of type IB, a 
major variation of type II or a group of variations 
that does not contain any extension relates to several 
marketing authorisations owned by the same holder, 
the holder of such authorisations may follow the pro-
cedure  ‘ reference authority ’ , shall mean one of the 
following:
1.     The EMA, where at least one of the marketing 
authorisations referred to is a centralised marketing 
authorisation.  
2.     The competent authority of a Member State con-
cerned, chosen by the coordination group, taking into 
account a recommendation of the holder, in the other 
cases.    

 The Variations Regulation introduces some impor-
tant defi nitions of the various types of variation as 
captured in Box  20.4 .   

 The Regulation also introduced an exhaustive list 
of categories of extensions of marketing authorisa-
tions detailed in Box  20.5 . It further listed categories 
of type IA variations outlined in Box  20.6 , and type 
II variations outlined in Box  20.7 . It did not provide 
a categorisation of type IB variations as this is con-
sidered to be the  ‘ default ’  variation for changes that 
are not falling into either type IA, type II or extension 
applications, i.e. a variation that is not an extension 
and whose classifi cation is undetermined after appli-
cation of the rules provided for in this Regulation, 

BOX 20.3    Conditions for the  g rouping of  v ariations 

  Article 7(2)( b ) 

1.     One of the variations in the group is an extension 

of the marketing authorisation  

2.     One of the variations in the group is a major 

variation of type II; all other variations in the 

group are variations which are consequential to 

this major variation of type II  

3.     One of the variations in the group is a minor 

variation of type IB; all other variations in the 

group are minor variations which are 

consequential to this minor variation of 

type IB  

4.     All variations in the group relate solely to changes 

of administrative nature to the summary of 

product characteristics, labelling and package 

leafl et  

5.     All variations in the group are changes to an 

Active Substance Master File, Vaccine Antigen 

Master File or Plasma Master File  

6.     All variations in the group relate to a project 

intended to improve the manufacturing process 

and the quality of the medicinal product 

concerned or its active substance(s)  

7.     All variations in the group are changes affecting 

the quality of a human pandemic infl uenza 

vaccine  

8.     All variations in the group are changes to the 

pharmacovigilance system referred to in points 

(ia) and (n) of Article 8(3) of Directive 2001/83/

EC or points (k) and (o) of Article 12(3) of 

Directive 2001/82/EC  

9.     All variations in the group are consequential to a 

given urgent safety restriction and submitted in 

accordance with Article 22  

10.     All variations in the group relate to the 

implementation of a given class labelling  

11.     All variations in the group are consequential to 

the assessment of a given periodic safety update 

report  

12.     All variations in the group are consequential to a 

given post - authorisation study conducted under 

the supervision of the holder  

13.     All variations in the group are consequential to a 

specifi c obligation carried out pursuant to Article 

14(7) of Regulation (EC) No 726/2004  

14.     All variations in the group are consequential to a 

specifi c procedure or condition carried out 

pursuant to Articles 14(8) or 39(7) of Regulation 

(EC) No 726/2004, Article 22 of Directive 

2001/83/EC or Article 26(3) of Directive 

2001/82/EC
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as established in Article 8(1) of the variations 
Regulation;  
(ii)     A non - exhaustive list of examples that should be 
considered as minor variations of type IB, in the 
understanding that this category applies by default as 
established in Article 3 of the Variations Regulation.     
 The Annex does not deal with the classifi cation of 
extensions as they are exhaustively listed in Annex I 

shall by default be considered a minor variation of 
type IB.   

Operational  guidelines
 The European Commission following consultation 
with the Member States, the EMA and interested par-
ties, drew up two operational guidelines as follows.
1.     Communication from the Commission  –  Guide-
line on the details of the various categories of varia-
tions to the terms of marketing authorisations for 
medicinal products for human use and veterinary 
medicinal products, which is available at:  http://
ec.europa.eu/health/files/betterreg/pharmacos/
classifi cation_guideline_adopted.pdf . 
 This guideline provides details of the classifi cation of 
variations in the categories defi ned and provides 
further details, where appropriate, on the scientifi c 
data to be submitted for specifi c variations and how 
this data should be documented. The Annex to this 
Guideline consists of four chapters classifying varia-
tions related to: 
A)     Administrative changes;  
B)     Quality changes;  
C)     Safety, Effi cacy and Pharmacovigilance changes; 
and
D)     Specifi c changes to Plasma Master Files and 
Vaccine Antigen Master Files. 
 For each chapter the Annex contains: 
(i)     A list of variations which should be classifi ed as 
minor variations of type IA or major variations of 
type II in accordance with the defi nitions of Article 
2, and the classifi cations provided in Annex II to the 
variations Regulation. It is also indicates which minor 
variations of type IA require immediate notifi cation 

BOX 20.4    Variation  d efi nitions 

Minor variation of type IA   –  a variation that has only a 

minimal impact, or no impact at all, on the quality, 

safety or effi cacy of the medicinal product concerned  

Major variation of type II   –  a variation that is not an 

extension and that may have a signifi cant impact on 

the quality, safety or effi cacy of the medicinal product 

concerned  

Extension of a marketing authorisation  or  extension   –  a 

variation that is listed in Annex I of the Regulation 

and fulfi ls the conditions laid down therein (see also 

Box  20.5  for abstract of list)  

Minor variation of type IB   –  a variation that is neither 

a minor variation of type IA nor a major variation of 

type II nor an extension     

BOX 20.5   Categorisation of  e xtension of  m arketing 

 a uthorisations 

1.     Changes to the active substance(s): 

(a)     Replacement of a chemical active substance by 

a different salt/ester complex/derivative, with 

the same therapeutic moiety, where the 

effi cacy/safety characteristics are not 

signifi cantly different  

(b)     Replacement by a different isomer, a different 

mixture of isomers, of a mixture by an isolated 

isomer (e.g. racemate by a single enantiomer), 

where the effi cacy/safety characteristics are not 

signifi cantly different  

(c)     Replacement of a biological active substance 

with one of a slightly different molecular 

structure where the effi cacy/safety 

characteristics are not signifi cantly different, 

with the exception of changes to the active 

substance of a seasonal, pre - pandemic or 

pandemic vaccine against human infl uenza  

(d)     Modifi cation of the vector used to produce the 

antigen or the source material, including a new 

master cell bank from a different source, where 

the effi cacy/safety characteristics are not 

signifi cantly different  

(e)     A new ligand or coupling mechanism for a 

radiopharmaceutical, where the effi cacy/safety 

characteristics are not signifi cantly different  

(f)     Change to the extraction solvent or the ratio of 

herbal drug to herbal drug preparation where 

the effi cacy/safety characteristics are not 

signifi cantly different    

2.     Changes to strength, pharmaceutical form and 

route of administration: 

(a)     Change of bioavailability  

(b)     Change of pharmacokinetics, e.g. change in 

rate of release  

(c)     Change or addition of a new strength/potency  

(d)     Change or addition of a new pharmaceutical 

form  

(e)     Change or addition of a new route of 

administration      

 (NB: the veterinary specifi cs are omitted)  
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Specifi c  procedures 
 In addition to the above standard procedures to 
introduce variations, the Variations Regulation also 
addresses a certain number of specifi c procedures, 
e.g. variations to introduce changes to seasonal and/
or pandemic vaccines which, due to the particulari-
ties of their development cycle, require atypical 
review arrangements to ensure timely availability of 
effective vaccines to the public. 

 In addition, the Regulation foresees the need to 
introduce changes that are termed  ‘ urgent safety 
restrictions ’  which can either be initiated by the MAH 
or the regulatory authorities in the following manner.
1.     Where, in the event of a risk to public health in 
the case of medicinal products for human use, the 
holder takes urgent safety restrictions on its own 
initiative, it shall forthwith inform all relevant 
authorities and, in the case of a centralised market -
ing authorisation, the European Commission. If no 
relevant authority or, in the case of a centralised 
marketing authorisation, the Commission has raised 

of the Variations Regulation. All changes specifi ed in 
Annex I must be considered extensions of the mar-
keting authorisations; any other change can not be 
classifi ed as such (Box  20.5 ).  
2.     Guideline on the operation of the procedures laid 
down in Chapters II, III and IV of the Variations 
Regulation as well as on the documentation to be 
submitted pursuant to these procedures product, 
which is available at:  http://ec.europa.eu/health/fi les/
betterreg/pharmacos/procedural_guideline_adopted.
pdf . 
 Review procedural timelines are set out in simplifi ed 
form in Box  20.8   .     

BOX 20.6   Categories of  t ype  IA   v ariations 

(a)     Variations of purely administrative nature that are 

related to the identity and contact details of: 

    •      the holder  

   •      the manufacturer or supplier of any starting 

material, reagent, intermediate, active substance 

used in the manufacturing process or fi nished 

product    

(b)     Variations related to the deletion of any 

manufacturing site, including for an active 

substance, intermediate or fi nished product, 

packaging site, manufacturer responsible for batch 

release, site where batch control takes place  

(c)     Variations related to minor changes to an 

approved physicochemical test procedure, where 

the updated procedure is demonstrated to be at 

least equivalent to the former test procedure, 

appropriate validation studies have been 

performed and the results show that the updated 

test procedure is at least equivalent to the former  

(d)     Variations related to changes made to the 

specifi cations of the active substance or of an 

excipient in order to comply with an update of the 

relevant monograph of the European 

Pharmacopoeia or of the national pharmacopoeia 

of a Member State, where the change is made 

exclusively to comply with the pharmacopoeia and 

the specifi cations for product specifi c properties 

are unchanged  

(e)     Variations related to changes in the packaging 

material not in contact with the fi nished product, 

which do not affect the delivery, use, safety or 

stability of the medicinal product  

(f)     Variations related to the tightening of specifi cation 

limits, where the change is not a consequence of 

any commitment from previous assessment to 

review specifi cation limits and does not result 

from unexpected events arising during 

manufacture     

BOX 20.7    Categories of  t ype  II   m ajor  v ariations 

(a)     Variations related to the addition of a new 

therapeutic indication or to the modifi cation of an 

existing one  

(b)     Variations related to signifi cant modifi cations of 

the summary of product characteristics due in 

particular to new quality, pre - clinical, clinical or 

pharmacovigilance fi ndings  

(c)     Variations related to changes outside the range of 

approved specifi cations, limits or acceptance 

criteria  

(d)     Variations related to substantial changes to the 

manufacturing process, formulation, specifi cations 

or impurity profi le of the active substance or 

fi nished medicinal product which may have a 

signifi cant impact on the quality, safety or effi cacy 

of the medicinal product  

(e)     Variations related to modifi cations in the 

manufacturing process or sites of the active 

substance for a biological medicinal product  

(f)     Variations related to the introduction of a new 

design space or the extension of an approved one, 

where the design space has been developed in 

accordance with the relevant European and 

international scientifi c guidelines  

(g)     Variations related to changes to the active 

substance of a seasonal, pre - pandemic or 

pandemic vaccine against human infl uenza    

 (NB: the veterinary specifi cs are omitted)  
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no means be considered exhaustive and that there 
may be situations emerging whereby changes sought 
to be introduced by the MAH are unforeseen in either 
the Regulation or associated guidance. The MAH has 
therefore several choices on how to proceed. The 
MAH can:
1.     fi le the variation as a default type IB with the pos-
sibility for either the NCA/EMA to re - classify it, if 
appropriate, as a type II variation post - submission;  
2.     fi le the variation as a type II, if the MAH considers 
that it may have a signifi cant impact on the quality, 
safety or effi cacy of the medicinal product; or  
3.     request an advice as to its correct classifi cation 
prior to its submission via an Article 5 procedure.    

 A response to such an Article 5 request should 
be delivered either by the EMA or the CMD(h), 
depending on whether it concerns a medicinal 
product authorised via the centralised or the mutual 
recognition/decentralised procedure, respectively. 
The response must be sent within 45 days following 
receipt of the request to the holder, the EMA and the 
competent authorities of all Member States. 

 The EMA and the CMD (Human and Veterinary) 
closely cooperate to ensure the coherence of the rec-
ommendations delivered and publish those recom-
mendations routinely, after deletion of all information 
of commercial confi dential nature, for the guidance 
of the wider pharmaceutical industry.   

European Union  referrals to  CHMP

 The EU has a highly structured legislative framework 
for resolution of divergences between Member States, 
using referrals to the EMA scientifi c committees, for 
new applications as well as products already author-
ised. The EU pharmaceutical legislation has created a 
binding arbitration mechanism. The legal basis for 
referrals is provided in Directive 2001/83/EC (appli-
cations) and the Variations Regulation (Commission 
Regulation (EC) No1234/2008)). 

 Depending on the specifi c procedure, there are dif-
ferences in who can initiate a referral under Directive 
2001/83/EC (i.e. between marketing authorisation 
applicants, holders, Member States and/or the EC):
1.     Article 29 referral procedures can be initiated, 
during a mutual recognition or decentralised proce-
dure, by Member States concerned in the procedure 
on the grounds of potential serious risk to public 
health.  
2.     Article 30 referral procedures can be initiated by 
any Member State, the EC or the MAH of a particular 

objections within 24 hours following receipt of that 
information, the urgent safety restrictions shall be 
deemed accepted.  
2.     Alternatively, in the event of a risk to public health 
in the case of medicinal products for human use, 
relevant authorities or, in the case of centralised mar-
keting authorisations, the Commission, may impose 
urgent safety restrictions on the holder.  
3.     Where an urgent safety restriction is taken by the 
holder or imposed by a relevant authority or the 
Commission, the holder shall submit the correspond-
ing application for variation within 15 days following 
the initiation of that restriction.     

Recommendation on  ‘unforeseen ’ variations
 Despite the combination of details as regards poten-
tial variations which have been categorised in the 
primary Variations Regulation and further expanded 
within the Guideline, it was realised that this can by 

BOX 20.8   Summary of Review Procedure for the 

 v arious  c ategories of  v ariations 

Type IA   –  implement and notify within 12 months  (do

and tell)

Type IA in   –  implement and notify immediately  (do

and tell)

Type IB   –  30 days for Reference Member State/

European Medicines Agency (RMS/EMA) to issue an 

unfavourable opinion  (tell and do).  If none received, 

can be implemented immediately. If an unfavourable 

opinion is issued then supplement the variation within 

30 days and RMS/EMA review within a further 30 

days leading to acceptance or rejection of the variation 

with implementation as appropriate. Decision making 

at Member State or EC level, as appropriate  

Type II major variation   –  EMA/RMS to review within 

60 days and issue favourable opinion or request for 

supplementary information (which stops the clock). 

Upon receipt of responses EMA/RMS have a further 

30/60 days to review the application before an opinion 

is taken. Decision making at Member State or EC level, 

as appropriate. Implement after amended Commission 

Decision is notifi ed, or 30 days after RMS favourable 

opinion is received  (tell and do).  (NB: The 60 - day 

period can be shortened if urgent situation applies, or 

may be extended to 90 days for Variations concerning 

a change to or addition of therapeutic indications)  

Extension applications   –  Same review time and 

procedure as for initial marketing authorisations. Can 

only be implemented after receipt of notifi cation of 

amended decision by EC or national competent 

authority as appropriate     
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or applications held by a specifi c applicant or MAH 
and independent of the number of pharmaceutical 
forms, dosages or pack sizes. 

 The referral procedures and timelines for the 
CHMP Opinion and EC decision are laid down in 
Articles 32 – 34 of Directive 2001/83/EC. According to 
Article 32, the CHMP has to consider the grounds for 
the referral and issue a reasoned Opinion within 90 
days of the date on which the matter was referred to 
it. However, in cases submitted to the CHMP in 
accordance with Articles 30 and 31, this period may 
be extended by 90 days. When appropriate, the 
CHMP may suspend a timetable. Conversely, in case 
of urgency, on a proposal from its chairman, the 
CHMP may agree to a shorter deadline. 

 In order to consider the matter and as for other 
procedures, the Committee appoints two of its mem-
bers to act as rapporteurs, including one from the 
Reference Member State. The Committee may also 
appoint individual experts and shall defi ne their tasks 
and the time limit for the completion of these tasks. 
The marketing authorisation applicant or holder is 
provided an opportunity to present written or oral 
explanations during the procedure. The Opinion of 
the Committee is accompanied by a draft SmPC for 
the product, the labelling and package leafl et. The 
EMA then notifi es the applicant or the MAH forth-
with where the Opinion of the Committee is that:
1.     the application does not satisfy the criteria for 
authorisation;  
2.     the SmPC, package leafl et and labelling proposed 
by the applicant or the MAH should be amended;  
3.     the authorisation should be granted subject to 
certain conditions, in view of conditions considered 
essential for the safe and effective use of the medicinal 
product including pharmacovigilance; or  
4.     the marketing authorisation should be suspended, 
varied or revoked.    

 Within 15 days after receipt of the Opinion, the 
applicant or the MAH should notify the EMA in 
writing of the intention (if any) to request a  ‘ re - exam-
ination ’  of the Opinion (appeal procedure). In that 
case, the detailed grounds for the request should be 
forwarded to the EMA within 60 days after receipt of 
the Opinion. Within 60 days following receipt of the 
grounds for the request, the CHMP is required to 
re - examine its Opinion in accordance with Article 
62(1) of Regulation (EC) No 726/2004. 

 Chapter  3  of Volume 2A of Notice to Applicants 
(EudraLex) provides details of the EU referrals and 
can be accessed at:  http://ec.europa.eu/health/fi les/
eudralex/vol - 2/a/vol2a_chap3_rev09 - 2007_en.pdf . 

medicinal product when divergent decisions having 
been adopted by Member States relating to the 
authorisation, suspension or withdrawal of a particu-
lar medicinal product. Once harmonised through the 
referral, the medicinal product will follow a mutual 
recognition procedure, to avoid future disharmony.  
3.     Article 31 referral procedures can be initiated by 
any Member State, the EC or the marketing authori-
sation applicant or the holder, where the interest of 
the EU (the  ‘ Community ’  at the time of this legisla-
tion) is involved. The expression  ‘ Community inter-
est ’  has a broad meaning but it refers particularly to 
the interests of the public health in the EU, for 
example, following concerns related to the quality, 
effi cacy and/or safety of a medicinal product, a range 
of products or several products of the same therapeu-
tic class (e.g. when new pharmacovigilance informa-
tion becomes available).  
4.     Article 36 referral procedures can be initiated by 
any Member State or the EC to resolve any post -
 harmonisation divergences that may arise between 
Member States (i.e. subsequent procedures post -
 approval). It may be triggered by a Member State 
when it is considered that a variation, suspension or 
withdrawal of a harmonised marketing authorisation 
is necessary for the protection of public health. 
Article 37 provides that Articles 35 and 36 shall apply 
by analogy to medicinal products authorised by 
Member States following an Opinion of the  ‘ old 
CPMP ’ , given in accordance with Article 4 of Direc-
tive 87/22/EEC before 1 January 1995 (which made 
centralised applications mandatory for medicinal 
products derived from biotechnology).  
5.     Article 107 referral concerns safety issues and is 
presented in the pharmacovigilance section. The new 
legislation on pharmacovigilance creates an auto-
matic referral to the Pharmacovigilance and Risk 
Assessment Committee when a referral concerns 
pharmacovigilance data.  
6.     Variations Regulation referrals: Article 13 of the 
Variations Regulation creates a referral to the CMD(h) 
in case of disagreement for reasons of serious risk to 
public health following a work - sharing procedure. 
The procedure follows the same steps as in case of 
arbitration under article 29 of Directive 2001/83/EC, 
i.e. failure to reach consensus at CMD(h) level is fol-
lowed by automatic referral to CHMP for opinion 
and EC Decision (Articles 32 – 34, see later).    

 A fee is payable only for referral procedures under 
Articles 30 and 31 initiated by the applicant or the 
holder of a marketing authorisation. The fee is inde-
pendent of the number of marketing authorisations 
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sets out the information considered useful to the pre-
scriber on the medicinal product, as generated during 
the course of the assessment process, and forms the 
basis for subsequent marketing of the medicinal 
product. Its content cannot be changed except with 
the approval of the competent authorities, and this 
ensures reliability of the information on the thera-
peutic claims allowed, the dose, detailed safety infor-
mation and/or monitoring requirements. The MAH 
needs supporting data and a variation application to 
request any SmPC changes. 

 Article 11 of Directive 2001/83/EC prescribes 
which information can be part of the SmPC, and the 
order in which it is presented (Box  20.9 ).    

Package  leafl et and  labelling
 The package leafl et (sometimes called the patient 
information leafl et) and labelling are regulated by 
Articles 54 – 69 of Directive 2001/83/EC, amended by 

 Various guidelines on referrals can be accessed at: 
 http://www.ema.europa.eu/ema/index.jsp?curl = pages/
regulation/document_listing/document_listing_
000207.jsp & mid = WC0b01ac0580027253.  

 A question and answer document on referrals 
can be accessed at:  http://www.ema.europa.eu/ema/
index.jsp?curl = pages/regulation/general/general_
content_000150.jsp & mid = WC0b01ac05800240d0.   

Product  literature,  promotion 
and advertising

Summary of Product Characteristics 
 For all practical purposes, the document with the 
greatest impact should be the SmPC. Its terms are 
carefully scrutinised by the competent authority in 
light of the application data; once approved the 
SmPC is public and generally published. The SmPC 

BOX 20.9   Contents of Summary of Product Characteristics (SmPC) 

1.     Name of the medicinal product followed by the 

strength and the pharmaceutical form  

2.     Qualitative and quantitative composition in terms of 

the active substances and constituents of the 

excipient, knowledge of which is essential for proper 

administration of the medicinal product. The usual 

common name or chemical description should 

be used  

3.     Pharmaceutical form  

4.     Clinical particulars: 

4.1     Therapeutic indications, specifying the target 

group  

4.2     Posology and method of administration for 

adults and, where necessary, for children  

4.3     Contraindications  

4.4     Special warnings and precautions for use and, in 

the case of immunological medicinal products, 

any special precautions to be taken by persons 

handling such products and administering them 

to patients, together with any precautions to be 

taken by the patient  

4.5     Interaction with other medicinal products and 

other forms of interactions  

4.6     Use during pregnancy and lactation/

breastfeeding  

4.7     Effects on ability to drive and to use machines  

4.8     Undesirable effects  

4.9     Overdose (symptoms, emergency procedures, 

antidotes)    

5.     Pharmacological properties: 

5.1     Pharmacodynamic properties and main results 

of clinical trials; 

 Paediatric development waivers or deferrals  

5.2     Pharmacokinetic properties  

5.3     Preclinical safety data and results of the 

Environmental Risk Assessment    

6.     Pharmaceutical particulars: 

6.1     List of excipients  

6.2     Major incompatibilities  

6.3     Shelf life, when necessary after reconstitution of 

the medicinal product or when the immediate 

packaging is opened for the fi rst time  

6.4     Special precautions for storage  

6.5     Nature and contents of container  

6.6     Special precautions for disposal of a used 

medicinal product or waste materials derived 

from such medicinal product, if appropriate    

7.     Marketing authorisation holder  

8.     Marketing authorisation number(s)  

9.     Date of the fi rst authorisation or renewal of the 

authorisation  

10.     Date of revision of the text  

11.     For radiopharmaceuticals, full details of internal 

radiation dosimetry  

12.     For radiopharmaceuticals, additional detailed 

instructions for extemporaneous preparation and 

quality control of such preparation and, where 

appropriate, maximum storage time during which 

any intermediate preparation such as an eluate or 

the ready - to - use pharmaceutical will conform to its 

specifi cations     
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Directive 2004/27/EC. The package leafl et is intended 
for the patient, and should therefore be drawn up in 
lay language (using all offi cial languages of the EU), 
in keeping with the SmPC and in the order shown in 
Box  20.10 .   

 Although Article 12.2 of Directive 92/27/EEC pro-
vided that the guidelines on legibility and readability 
should be adopted as a Commission Directive, the 
Pharmaceutical Committee (a regulatory body made 
of representatives from the Member states, and advi-

BOX 20.10   Contents of  p ackage  l eafl et 

(a)     Identifi cation of the medicinal product: 

(i)     Name of the medicinal product followed by 

its strength and pharmaceutical form and, if 

appropriate, whether it is intended for babies, 

older children or adults. The common name 

shall be included where the product contains 

only one active substance and if its name is an 

invented name  

(ii)     Pharmacotherapeutic group or type of activity 

in terms easily comprehensible for the patient    

(b)     The therapeutic indications  

(c)     A list of information which is necessary before the 

medicinal product is taken, taking into account the 

particular condition of certain categories of users 

(children, pregnant or breastfeeding women, the 

elderly, persons with specifi c pathological 

conditions), possible effects on the ability to drive 

vehicles or to operate machinery and listing of those 

excipients knowledge of which is important for the 

safe and effective use of the medicinal product: 

(i)     Contraindications  

(ii)     Appropriate precautions for use  

(iii)     Forms of interaction with other medicinal 

products and other forms of interaction (e.g. 

alcohol, tobacco, foodstuffs)  

(iv)     Special warnings    

(d)     The necessary and usual instructions for proper use, 

and in particular: 

(i)     Dosage  

(ii)     Method and, if necessary, route of 

administration  

(iii)     Frequency of administration, specifying if 

necessary the appropriate time at which the 

medicinal product may or must be 

administered and, as appropriate, depending 

on the nature of the product  

(iv)     Duration of treatment, where it should be 

limited  

(v)     Action to be taken in case of an overdose 

(such as symptoms, emergency procedures)  

(vi)     What to do when one or more doses have not 

been taken  

(vii)     Indication, if necessary, of the risk of 

withdrawal effects  

(viii)     A systematic recommendation to consult the 

doctor or the pharmacist, as appropriate, for 

any clarifi cation on the use of the product    

(e)     A description of the adverse reactions (with their 

frequencies) that may occur under normal use of the 

medicinal product and, if necessary, the action to be 

taken in such a case; the patient should be expressly 

asked to communicate any adverse reaction that is 

not mentioned in the package leafl et to his or her 

doctor or pharmacist  

(f)     A reference to the expiry date indicated on the label, 

with: 

(i)     A warning against using the product after that 

date  

(ii)     Where appropriate, special storage precautions  

(iii)     If necessary, a warning concerning certain 

visible signs of deterioration  

(iv)     Full qualitative composition (in active 

substances and excipients) and the 

quantitative composition in active substances, 

using common names, for each presentation 

of the medicinal product  

(v)     For each presentation of the product, the 

pharmaceutical form and content in weight, 

volume or units of dosage  

(vi)     Name and address of the marketing 

authorisation holder and, where applicable, 

the name of the appointed representatives in 

the Member States  

(vii)     Name and address of the manufacturer    

(g)     Where the medicinal product is authorised under 

different names in the Member States concerned, 

a list of the names authorised in each Member 

State  

(h)     The date on which the package leafl et was last 

revised     

sory to the EC) considered it more appropriate to 
adopt these recommendations as a guideline. This 
guideline was adopted in September 1998 and effec-
tive from January 1999. It described the format of the 
package leafl et (in terms of print, font size, use of 
colours, syntax and contents) and provides a model 
of leafl et in its Annex 1a together with further 
guidance on its content in Annex 1b. The resulting 
leafl et should comply with Directive 92/27/EEC 
and, upon testing (in accordance with Annex 2) by 
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attended by persons qualifi ed to prescribe or supply 
medicinal products, sponsorship of scientifi c con-
gresses attended by persons qualifi ed to prescribe or 
supply medicinal products, and in particular payment 
of their travelling and accommodation expenses in 
connection therewith. 

 Member States have an obligation to prohibit any 
advertising of a medicinal product in respect of 
which a marketing authorisation has not been 
granted in accordance with EU law. All parts of the 
advertising of a medicinal product must comply with 
the particulars listed in the SmPC. The advertising of 
a medicinal product should encourage only the 
rational use of the medicinal product as approved, by 
presenting it objectively and without exaggerating its 
properties, and not so as to be misleading. 

 There are special provisions for advertising to the 
general public as well as to the health professionals. 
Member States must prohibit the advertising to the 
general public of medicinal products for therapeutic 
indications specifi ed in the Directive. When permis-
sible, all advertising to the general public of a medici-
nal product has to be set out in a prescribed manner. 
Article 90 of the Directive specifi es the material or 
information that should not be contained in the 
advertising of a medicinal product to the general 
public. 

 In respect of advertising to health professionals, 
there are detailed requirements in respect of provi-
sion of information, free samples, and gifts and hos-
pitality as well as the training and duties of medical 
sales representatives. 

 Member States have an obligation to monitor 
advertising and are required to ensure that there are 
adequate and effective methods to monitor the adver-
tising of medicinal products. Such methods, which 
may be based on a system of prior vetting, must in 
any event include legal provisions under which 
persons or organisations regarded under national law 
as having a legitimate interest in prohibiting any 
advertisement inconsistent with the Directive may 
take legal action against such an advertisement, or 
bring such an advertisement before an administrative 
authority competent either to decide on complaints 
or to initiate appropriate legal proceedings. 

 Under the legal provisions, Member States must 
confer upon the courts, or administrative authorities, 
powers enabling them, in cases where they deem such 
measures to be necessary. 

 The legislation, however, does not exclude vol-
untary control of advertising and promotion of 

applicants, be shown to be readable to the patient and 
consumer. 

 The guideline update of September 2006 included 
further details to improve legibility and readability 
of leafl ets (e.g. headings, use of italics and underlin-
ing and their layout, quality of paper). Chapter  2  
of this updated guideline includes specifi c recom-
mendations regarding the need of the blind and par-
tially sighted patients and requires the name of the 
product to be provided in Braille on the packaging. 
Chapter  3  provides further guidance concerning con-
sultations with target patient groups; the package 
leafl et must refl ect the results of consultations with 
target patient groups to ensure that it is legible, clear 
and easy to use. 

 The competent authority shall refuse the market-
ing authorisation if the labelling or the package leafl et 
does not comply with the provisions of this title or if 
they are not in accordance with the particulars listed 
in the SmPC. However, Article 60 of Directive 
2001/83/EC states that Member States may not pro-
hibit or impede the placing on the market of medici-
nal products within their territory on grounds 
connected with labelling or the package leafl et where 
these comply with the requirements of this title. 

 All proposed changes to an aspect of the labelling 
or the package leafl et covered by this title and not 
connected with the SmPC shall be submitted to the 
authorities competent for authorising marketing. If 
the competent authorities have not opposed a pro-
posed change within 90 days following the request, 
the applicant may put the change into effect.  

Promotion and  advertising
 The requirements for regulating advertising are codi-
fi ed as Articles 86 – 100 of Directive 2001/83/EC, 
amended by Directive 2004/27/EC. 

 Article 86 defi nes advertising of medicinal prod-
ucts as including any form of door - to - door informa-
tion, canvassing activity or inducement designed to 
promote the prescription, supply, sale or consump-
tion of medicinal products. It includes in particular 
the advertising of medicinal products to the general 
public, to persons qualifi ed to prescribe or supply 
them, visits by medical sales representatives to per-
sons qualifi ed to prescribe medicinal products, the 
supply of samples, the provision of inducements to 
prescribe or supply medicinal products by the gift, 
offer or promise of any benefi t or bonus, whether in 
money or in kind, except when their intrinsic value 
is minimal, sponsorship of promotional meetings 
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stakeholders. There was potential for duplication of 
effort or for confusion of responsibilities. Further-
more, with globalisation of the pharmaceutical 
market, medicinal products entered different global 
markets with the exposure of large numbers of 
patients occurring in a short period of time. 

 The legislative framework for pharmacovigilance 
across the EU was therefore modifi ed recently to 
ensure better, more modern and proactive manage-
ment of medicinal products ’  safety before and after 
approval. Following legal proposals from the Com-
mission in December 2008, new legislation was 
adopted by the Council and by the European Parlia-
ment, published on 31 December 2010 and its imple-
mentation is ongoing. 

 The new legislation is intended to strengthen and 
rationalise the current system for monitoring the 
safety of medicines on the European market. The new 
legislation introduces a single assessment by sub-
stance, the inclusion of a benefi t – risk assessment in 
the Periodic Safety Update (PSUR), and the move 
from periodic to cumulative reporting. It also intro-
duces patient reporting of adverse drug reactions 
directly to the competent authorities.  The defi nition 
of adverse reactions is broadened to cover, for example, 
medication errors and overdose . The new Regulation 
(Regulation (EU) No 1235/2010) and Directive 
(2010/84/EU) on pharmacovigilance set out clearer 
tasks and responsibilities for Member States and the 
EMA, as well as for MAHs, and health professionals. 
Data on safety will be collected more proactively but 
with a proportionate approach. The legal basis for 
post - authorisation safety as well as effi cacy studies 
has been strengthened. There is active management 
of risks and a stronger link between safety assess-
ments and regulatory action, in particular risk man-
agement systems are mandatory for new active 
substances in medicinal products. The decision - 
making procedures and use of resources are intended 
to be made more effi cient in the network. The phar-
maceutical companies ’  pharmacovigilance systems 
are strengthened and the communication and trans-
parency on medicines ’  safety should be improved 
with, for example, the introduction of public 
hearings. 

 One of the main measures introduced by the Regu-
lation and Directive includes the establishment of a 
new Committee at EMA, the Pharmacovigilance Risk 
Assessment Committee (PRAC), which will in par-
ticular review the benefi t – risk balance of medicines 
post - approval in collaboration with the CHMP, with 

medicinal products by self - regulatory bodies and 
recourse to such bodies, if proceedings before such 
bodies are possible in addition to the judicial or 
administrative proceedings referred to above. 

 One example of such voluntary control is the Code 
of Practice established by the Association of British 
Pharmaceutical Industry (ABPI), which covers pro-
motion in its widest aspects. 

 Article 98 lays down the obligations of the MAH, 
including particularly retention of samples of all 
advertising material, conformity of the advertisement 
with the provisions of the Directive, verifi cation of 
the training of sales force, advertising title of the 
Directive, provision of information and assistance 
the regulatory authorities require to carry out their 
responsibilities for monitoring advertising of medici-
nal products and full and immediate compliance with 
their decisions.   

Pharmacovigilance

 The Member States had in the past national legisla-
tion and obligations for maintaining effective phar-
macovigilance, including criminal, civil and/or 
regulatory penalties for non - compliance by MAHs. 
Directive 93/39/EEC introduced the concept of phar-
macovigilance in the EU and its harmonisation. The 
changes to the legislation following the  ‘ Review 2001 ’  
(see Chapter  19 ) were intended to strengthen the 
protection of public health of EU citizens through 
the effective regulation of medicines for human use. 
For example, a central EudraVigilance database was 
created, providing a management system for report-
ing individual case study reports and suspected unex-
pected serious adverse reactions either during the 
development (clinical trials) or following the market-
ing authorisation of medicinal products in the EEA. 
The database allows Member States and the EMA to 
share information on adverse drug reactions since 
2004. This database was created as part of the imple-
mentation of the Clinical Trials Directive 2001/20/EC 
(see Chapter  18 ). It can be accessed at:  http://
eudravigilance.ema.europa.eu/highres.htm . 

 Various legislations were codifi ed as Articles 101 –
 108 of Directive 2001/83/EC as amended by Directive 
2004/27/EC. 

 Not surprisingly, pharmacovigilance in the EU, as 
in other jurisdictions, has now moved to the top of 
the regulatory agenda. The system of pharmacovigi-
lance in the EU was complex and involved many 
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identifi ed as well as potential risks and areas where 
further research is needed and, if necessary, contain 
specifi c risk - minimisation activities for the safe use 
of the product. RMPs become mandatory for new 
active substances under the new legislation. 

 For the purpose of pharmacovigilance, risk man-
agement has three stages which are inter - related and 
reiterative:
1.     Characterisation of the safety profi le of the 
medicinal product including what is known and not 
known.  
2.     Planning of pharmacovigilance activities to char-
acterise risks and identify new risks and increase the 
knowledge in general about the safety profi le of the 
medicinal product.  
3.     Planning and implementation of risk minimisa-
tion and mitigation and assessment of the effective-
ness of these activities.    

 The new structure for RMP will come into force in 
July 2012 in the EU but transitional measures are 
expected. The move to a modular format of the RMP 
should facilitate submission to different regulatory 
authorities, as many elements are common to differ-
ent regions. 

 In addition, under the new legislation, MAHs will 
be required to maintain a Pharmacovigilance System 
Master File permanently available for submission or 
inspection by the national competent authority. The 
Pharmacovigilance System Master File replaces the 
current Detailed Description of the Pharmacovigi-
lance System. 

 More information, guidance and templates for 
RMP is available in the Good Vigilance Practice (Eud-
raLex Volume 9):  http://www.ema.europa.eu/ema/
index.jsp?curl = pages/includes/document/docu-
ment_detail.jsp?webContentId = WC500123208 & mid 
= WC0b01ac058009a3dc.   

Safety-related regulatory actions
Urgent  safety restrictions
 Introduced by Commission Regulations (EC) 
1084/2003 and 1085/2003 but extended by the new 
legislation, provisional urgent safety restrictions 
can be taken in the event of a risk to public health, 
triggering an exchange of information. Urgent safety 
restrictions can be initiated and imposed when a 
competent authority considers withdrawing a prod-
uct from the market, prohibiting its supply, refusing 
the renewal of the marketing authorisation, and also 
reducing the dose, adding contraindications or 
restricting the indication. An urgent safety restriction 
can be initiated by the MAH, which must then inform 

the possibility to require post - authorisation effi cacy 
and safety studies; the PRAC will review the PSURs, 
and assess signal detection. 

 An EMA webportal linked to similar national web-
portals will be created allowing accessing product 
information, reporting adverse drug reactions and 
submitting PSURs to a single entry point, at EMA. 
The portal will facilitate the exchange of information 
across the network. 

Periodic  safety update reports
 Two advances in harmonisation of pharmacovigi-
lance activities in the EU and elsewhere globally were 
the acceptance of MedDRA (ICH topic M1) as a 
common medical dictionary for regulatory work and 
the acceptance of PSURs (ICH topic E2C) for drugs 
marketed in the EU since 1995  [6] . The frequency of 
PSURs was increased in 2004 with a requirement 
to submit PSURs at 6 - monthly intervals, even for 
non - marketed products. Once marketed, 6 - monthly 
PSUR submissions were to be continued until 2 full 
years of marketing experience in the EU has been 
gained. Then, PSURs were submitted once a year for 
the following 2 years and thereafter at 3 - yearly inter-
vals. PSURs could also be submitted upon request of 
a competent authority or the EMA at any time after 
granting of the marketing authorisation. 

 For products authorised as of July 2012, the fre-
quency at which PSURs submission should occur will 
be mentioned as part of the conditions for marketing 
authorisation (Annex II). For medicines authorised 
before this date, the frequency mentioned above is 
unchanged unless there is a specifi c concern. In addi-
tion, the submission of PSURs for generics, well -
 established use, homeopathic and traditional herbal 
medicines is no more required to refl ect a risk - based 
approach. In 2013, PSURs should be submitted to the 
EMA repository only. 

 The data lock point for PSURs was based on a 
common date, the  ‘ birth date ’  used for the fi rst 
authorised product, and has become a EU reference 
date under the new legislation. After several years of 
preparatory work under the auspices of the Heads 
of Agencies, a large voluntary work - sharing scheme 
was successfully launched in 2007 for nationally 
authorised products. The work - sharing procedure on 
the assessment of PSURs is now part of the new 
legislation.  

Risk management systems
 A risk management plan (RMP) is a detailed descrip-
tion of the risk management systems. RMPs address 
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Safety-related referral to  CHMP
 Under Articles 31, 36 and 37 of Directive 2001/83/EC, 
a Member State, the EC or the MAH could refer a 
pharmacovigilance matter relating to a nationally 
authorised product, including those authorised 
through the mutual recognition or the decentralised 
procedure, to the CHMP whenever the interests of 
the EU are involved. These matters will now be 
referred by the CHMP to the PRAC. The EC Decision 
issued on the basis of the CHMP Opinion is binding 
on all Member States.  

EEA participation in pharmacovigilance
 Because Iceland, Liechtenstein and Norway have 
signed an agreement with the EU, they are parties to 
the pharmacovigilance procedures. Consequently, the 
guidelines and procedures apply to the competent 
authorities and the MAHs in Iceland, Liechtenstein 
and Norway.   

Compliance with obligations
for pharmacovigilance
 A position paper on Compliance with Pharmacovigi-
lance Regulatory Obligations (CPMP/PhVWP/1618/
01) was adopted in November 2001; it evolved into 
requirements for monitoring for compliance and 
inspection. Competent authorities monitor MAHs 
for compliance with pharmacovigilance regulatory 
obligations. Furthermore, competent authorities 
exchange information in cases of non - compliance 
and should take appropriate regulatory action as 
required. It should be noted that enforcement action 
is within the competency of individual Member 
States. Concerning centrally approved medicinal 
products, Article 84 of Regulation (EC) 726/2004 sets 
out the roles of the Member States, the EMA and the 
Commission with respect to the imposition of penal-
ties for infringement of that Regulation or regula-
tions adopted pursuant to it. 

 Pharmacovigilance Master Files will have to be 
maintained by marketing authorisation applicants 
and holders, to include a detailed and updated 
description of the pharmacovigilance system imple-
mented for one or more medicinal products. 

 National authorities have among their inspector-
ates specifi cally trained specialist pharmacovigilance 
inspectors. For example, in the UK MHRA, this is 
part of the Inspections and Standards Division of the 
agency and assesses pharmaceutical companies ’  com-
pliance with EU legislation relating to the monitoring 
of the safety of medicines given to patients. 

the competent authority in the Member State or, for 
centrally authorised products, the EMA. If either the 
EMA or the Member State does not raise any objec-
tion within 24 hours after the MAH ’ s notifi cation, the 
restriction is considered accepted. 

 When a signal is identifi ed that leads to concern, 
information must be shared between Member States, 
the EC, the EMA and the concerned MAH. If it is the 
MAH who fi rst identifi es a potentially urgent and 
serious issue, they need to inform the EMA without 
delay. 

 In the previous procedures, the Rapid Alert was 
transmitted to the contact points of the Member 
States, the EC and the EMA including where appro-
priate the rapporteur of the centrally authorised 
product. For centrally authorised products, the EMA 
with the rapporteur started an inquiry and informa-
tion exchange with the MAH(s) and coordinated 
the process. Following risk evaluation, a discussion 
was held at the Pharmacovigilance Working Party 
(PhVWP) and subsequently at the CHMP within a 
defi ned time - frame. The resulting CHMP Opinion 
on the measures to ensure the safe and effective use 
of the centrally authorised product was transmitted 
by the EMA to the EC, in order to issue a binding 
Decision. 

 For nationally approved products, the RMS took 
the lead. The Rapid Alert was transmitted to the des-
ignated contact points in all Member States, the EMA, 
the EC, and the MAH. The RMS worked closely with 
the CMS and decided what additional information 
should be requested from the MAH and other CMSs. 
Following risk evaluation, a discussion was held at 
the PhVWP with the aim of reaching an agreed 
position. 

 An urgent safety restriction is followed by submis-
sion by the MAH of a variation immediately after (no 
later than 15 days after its initiation).  

Safety-related suspension,  revocation or variation
 When, as a result of the evaluation of pharmacovigi-
lance data, a Member State considers that a marketing 
authorisation should be suspended, revoked or varied 
in accordance with Article 107 and the guidelines 
referred to in Article 106(1), it shall forthwith inform 
the EMA, the other Member States and the MAH. 
Where urgent action to protect public health is neces-
sary, the Member State concerned may suspend the 
marketing authorisation of a medicinal product, pro-
vided that the EMA, the EC and the other Member 
States are informed no later than the following 
working day.  
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 New guidance is being released in preparation for 
the implementation of the new pharmacovigilance 
legislation and the reader is invited to check the EMA 
website for updates.   

Wholesale distribution,  pricing
and reimbursement 

 Directive 2004/27/EC extended the harmonisation 
process to cover many aspects of wholesale distribu-
tion enshrined in Directive 92/25/EEC. These are set 
out in Recitals 34 – 38 and Articles 76 – 85 of Directive 
2001/83/EC. 

 The EC could not achieve harmonisation of pricing 
policies within the legal framework of the treaties, 
and therefore had a limited scope in the original 
Transparency Directive (89/105/EEC). Each Member 
State of the EU operates its own policy regarding the 
pricing of pharmaceutical products, and this step is 
often call the fourth hurdle (after clinical trials, mar-
keting authorisation and transparency) as MAHs 
have to apply in each of the Member States separately 
and on the basis of different requirements. Article 
4(3) of Directive 2001/83/EC specifi es that its provi-
sions shall not affect the powers of the Member States ’  
authorities either as regards the setting of prices for 
medicinal products or their inclusion in the scope of 
national health insurance schemes, on the basis of 
health, economic and social conditions. The contents 
of the Transparency Directive (89/105/EEC) can be 
summarised as follows. 

 A (transparency) committee has to be set up. The 
time limit for this procedure is 90 days and reasons 
must be given by authorities if the price is other than 
that sought by the person putting the product on the 
market. Authorities can impose for example price 
freezes, profi t regulation scheme, positive or negative 
lists, and classifi cation by therapeutic classes. Essen-
tially, the Directive allows Member States to operate 
whatever scheme they choose provided they operate 
to  ‘ objective and verifi able criteria ’ . In the UK, the 
primary tool is the Pharmaceutical Price Regulation 
Scheme, a profi t - regulating scheme. It is a voluntary 
scheme negotiated between the Department of 
Health and the ABPI on the prices of branded medi-
cines available to the NHS. Other Member States have 
created various but differing combinations of price 
fi xing, profi t or volume limiting and product listing 
(positive or negative) to control health care spending 
relating to medicinal products. Generic substitution 

 Inspectorates in the Member States may cover 
various areas:
1.     Good Clinical Practice (GCP);  
2.     Good Distribution Practice (GDP);  
3.     Good Laboratory Practice (GLP); and  
4.     Good Manufacturing Practice (GMP).    

 The legal basis for the conduct of pharmacovigi-
lance inspections is set out in Article 111 of Directive 
2001/83/EC and in Article 19(1) of Regulation (EC) 
726/2004. Documentation supporting the pharma-
covigilance system (pharmacovigilance Master File) 
and the audits required by the new pharmacovigi-
lance legislation may be required during the pre -
 authorisation period, or post - authorisation. 

 There are three types of inspections.
1.      Routine national inspections  are scheduled inspec-
tions performed on a periodic basis. MAHs are noti-
fi ed of these inspections in advance. These inspections 
are generally systems - based, meaning that inspectors 
examine the systems and procedures used by an MAH 
to comply with existing EU pharmacovigilance legis-
lation and guidance.  
2.       ‘ For cause ’  or risk - based national inspections  are ad 
hoc inspections which are triggered as a result of, for 
example, safety issues, suspected violations of legisla-
tion relating to the monitoring of the safety of medi-
cines, referrals by other Member States or, for example 
in the case of GCP inspections, based on  ‘ at - risk ’  
trials. In rare circumstances, MAHs may not be noti-
fi ed of these inspections in advance.  
3.      EMA - requested inspections . The CHMP, and other 
EMA committees, may request inspections of MAHs 
in association with specifi c procedures (orphan des-
ignation, paediatrics) and/or centrally authorised 
products. These can either be routine or triggered by 
a risk - based analysis.    

 The recent focus is on risk management strategies 
and the EC have drawn up a number of guidelines 
in consultation with the EMA, Member States and 
interested parties in accordance with Article 106 of 
Directive 2001/83/EC as amended and Article 26 of 
Regulation (EC) 726/2004. 

 Volume 9A of  The rules governing medicinal prod-
ucts in the European Union  concerns pharmacovigi-
lance for medicinal products for human use can be 
accessed at:  http://ec.europa.eu/health/documents/
eudralex/vol - 9/index_en.htm.  

 EMA guidance can also be found at:  http://
www.ema.europa.eu/ema/index.jsp?curl = pages/regu-
lation/general/general_content_000258.jsp & mid = W
C0b01ac05800241de . 
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is encouraged or even mandatory in many Member 
States. These subjects are dealt with at greater length 
in Chapter  36 .  
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Introduction 

 The regulatory system for medical devices is quite 
different from that for pharmaceuticals. It does not 
generally involve the assessment of a product by a 
medicines agency or the grant of a marketing authori-
sation. Instead, the onus of ensuring and declaring 
that a product conforms to the legal essential require-
ments is placed on the manufacturer, but in many 
instances this is subject to approval by an independent 
technical organisation (known as a notifi ed body). 

 A manufacturer must apply an appropriate con-
formity assessment procedure to their device in order 
to ensure that it complies with the essential require-
ments, after which they must certify this fact by com-
pleting a declaration of conformity. There is usually 
a choice of conformity assessment procedures open 
to a manufacturer, depending on a risk - based classi-
fi cation of the class into which the device falls. The 
two main approaches to conformity assessment are 
based either on an approved total quality manage-
ment system audited to ISO 9000 series standard, as 
customised for medical devices with EN ISO 13485, 
or individual product assessment. 

 The essential requirements relate to the safety in 
use of the device, including labelling requirements, 
but are principally expressed in terms of scientifi c 
and technical performance characteristics. Effi cacy, as 
such, is not a criterion. Confi rmation of conformity 
must include evaluation of clinical data for all devices, 
generated from either (or both of) a compilation of 
scientifi c literature or the results of clinical investiga-
tions on the product, for which prior ethical and 
regulatory approval is required. Conformity of a 
device with the essential requirements is denoted by 

affi xing a CE marking to the device. CE marking, 
which must be marked on the device, acts in effect as 
the passport that authorises the device to be placed 
on the market and to circulate freely within the Euro-
pean Economic Area (EEA). 

 The legal obligation is that a product must comply 
with the relevant essential requirements, but where 
the manufacturer chooses to apply a national stand-
ard that adopts a European harmonised standard (EN 
series) to an aspect of the product, conformity will be 
prima facie presumed in respect of the aspects of the 
essential requirements covered by that standard. 
Other national or international standards do not have 
this regulatory benefi t. Compliance with the essential 
requirements at the time of placing the device on the 
market, or declaration of this fact, should mean that 
the device is safe but it may later transpire that this is 
not the case. Manufacturers therefore have some 
post - marketing vigilance requirements. If a marketed 
device is unsafe, the competent authority of a Member 
State has power under a safeguard clause in each 
Directive to take regulatory action to effect the with-
drawal of the product from the market or to restrict 
its supply and/or use in its jurisdiction: the matter is 
then referred to the Commission and all Member 
States who then coordinate their actions. 

 European pharmaceutical regulation has been in 
existence since the mid - 1960s and over four decades 
has successively extended from control of the require-
ments for placing a product on the market and the 
data necessary to justify this, coupled with control on 
manufacture, to virtually all aspects of dealing with a 
medicine, including wholesale dealing, advertising 
and clinical research. In contrast, systematic regula-
tion of medical devices is more recent and dates from 
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1995. This covers all powered implants or partial 
implants that are left in the human body, such as a 
heart pacemaker.  
2.     Directive 93/42/EEC on medical devices came into 
force on 1 January 1995 and became mandatory on 
14 June 1998. This covers a wide range of devices 
ranging from fi rst aid bandages, tongue depressors 
and blood collection bags to hip prostheses and active 
(powered) devices.  
3.     Directive 98/79/EC on  in vitro  diagnostics (IVDs) 
came into force on 7 June 2000 and became manda-
tory from 7 December 2003. This covers products 
such as pregnancy tests, blood glucose monitoring 
and tests for transmissible diseases.    

 A transitional period was provided under each of 
these Directives so that during the period from the 
coming into force of the Directive until it was manda-
tory, manufacturers could choose whether to apply 
the Directive to their device or the national rules that 
were in force immediately prior to the date on which 
the Directive came into force. From the date a Direc-
tive became mandatory, a device that is covered by 
national law implementing that Directive has been 
required to comply with it. 

 The review of the MDDs resulted in the revision of 
the Directives on AIMDs and medical devices through 
an amending Directive 2007/47/EC which came into 
force on 11 October 2007 and became mandatory 
from 21 March 2010. Up to the later date manufactur-
ers were able to choose whether to apply the applica-
ble revised Directive (i.e. including the requirements 
of Directive 2007/47), or the version of the applicable 
Directive in force immediately prior to that date. Fol-
lowing further reviews of the MDDs, proposals for 
another revision of the MDDs, this time including the 
Directive on IVDs, have been put forward in Septem-
ber 2012. These proposals are expected to implement 
the amendments made to the  ‘ new approach ’  legisla-
tion in 2008 2 , amongst other matters. 

 Under Community law, a Directive is binding on 
each Member State, which is obliged under the EC 
Treaty to implement the Directive into its national 
law. A Member State has the discretion to choose 
the manner in which the Directive may be imple-
mented so long as the effect of the Directive is 

the 1990s. It essentially covers the requirements for 
placing a product on the market, coupled with aspects 
of manufacture, labelling and clinical investigation. 
Aspects such as distribution are very likely to be regu-
lated soon under expected revisions to the medical 
devices legislation refl ecting amendments to the  ‘ new 
approach ’  legislation, and are regulated in general 
terms for consumer products already. Generic con-
trols cover advertising and trade practices 1 . The 
central difference is that many activities with phar-
maceuticals require prior competent authority 
approval, which is not the case with devices. 

 Before the medical devices Directives (MDDs) 
came into being, most medical devices were unregu-
lated in most European states. In some states some 
were reg ulated (illogically, but this was the only avail-
able mechanism) as if they were medicines. Examples 
of products formerly regulated as medicines in the 
UK include: contact lens products; intrauterine con-
traceptives; certain medicated dressings, surgical liga-
tures and sutures; absorbent or protective materials; 
and dental fi lling substances.  

Law on specifi c  devices

 The EEA law on the marketing of medical devices is 
governed by three principal Directives, each of which 
adopt the Community ’ s matrix scheme for product 
regulation known as the  ‘ new approach ’   [1] . The 
new approach applies to many product sectors, such 
as machinery, personal protective equipment, low 
voltage equipment and electromagnetic compatibility 
(EMC) requirements but not to pharmaceuticals or 
cosmetics. Both the  ‘ new approach ’  and medical 
devices models were reviewed in the fi rst decade of 
the twenty - fi rst century and extensions and reforms 
were introduced. There are currently three main 
device Directives although the fi rst two are likely to 
be consolidated into an EU Regulation if revisions 
proposed by the European Commission in September 
2012 are implemented:
1.     Directive 90/385/EEC on active implantable 
medical devices (AIMDs) came into force on 1 
January 1993 and became mandatory from 1 January 

 2      Decision 768/2008/EC 9/7/08 on a common framework for 

the marketing of products. Regulation 765/2008/EC on 

setting out the requirements for accreditation and market 

surveillance relating to the marketing of product and 

Regulation 764/2008/EC on national technical rules for 

products. 

 1      Directive 2005/29/EC on unfair business - to - consumer 

commercial practices, implemented by the Consumer Pro-

tection from Unfair Trading Regulations 2008, SI 2008/1277. 

Directive 2006/114/EC concerning misleading and compara-

tive advertising, implemented by The Business Protection 

from Misleading Marketing Regulations 2008 SI 2008/1276. 
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 Despite the emphasis of the legislation on safety, 
an equally important basic purpose of the legislation 
relates to the EEA ’ s commerce and the economy. All 
Directives have as a basic purpose the creation of a 
European internal market without internal barriers 
to trade and with a single harmonised set of laws 
governing the placing of a product on the market and 
its free movement within the market  [3] . 

 The intention behind the legislative scheme is that 
a product should essentially be regulated under a 
single product - specifi c regime as a medicinal product 
 [4] , AIMD, medical device, IVD, cosmetic  [5] , blood 
or blood product  [6] , or personal pro tective equip-
ment  [7] . However, certain other Directives might 
apply to particular medical devices, including:
1.     Directive 2004/108/EC on electromagnetic com-
patibility (the EMC Directive): EMC requirements 
are included within the essential requirements of the 
MDDs so the EMC Directive only applies to medical 
devices before the relevant MDD is applicable.  
2.     Directive 2001/95/EC on general product safety 
(GPS): this applies to all consumer products, some of 
its obligations apply to medical devices used by 
consumers.  
3.     Directive 89/686/EC on personal protective equip-
ment (the  ‘ PPE ’  Directive): this applies in part to 
medical devices which are also intended to be used as 
PPE.  
4.     Directives 96/29/Euratom and 97/43/Euratom on 
health and safety standards for protection from ionis-
ing radiation risks generally and specifi cally in rela-
tion to medical exposure: these set out radiation 
protection requirements for the medical use of radio-
logical installations.     

Resolution of uncertainties

 Because this legislation is extensive, complex, fre-
quently written in generalised terms and seeks to 
create an entirely new regulatory system for products 
that were formerly largely unregulated, diffi culties 
of interpretation or application are bound to arise. 
As the Directives constitute a legal system, ultimate 
authority for interpretation rests with the courts, fun-
damentally with the Court of Justice of the European 
Union in Luxembourg, to which questions of inter-
pretation of Community law may be referred by 
national courts. A mechanism exists, however, under 
the MDDs by which measures and interpretations 
may be formally adopted. In the case of the MDD 
these are the Article 7 Committees, which are regula-
tory committees of representatives of Member States 

achieved under its national legal order. Most Member 
States transpose Directives into their national law 
by enacting domestic legislation that follows the 
text of the Directives closely, if not verbatim. How -
ever, differences between implementing laws can 
arise, particularly in relation to enforcement and 
sanctions for non - compliance, which are aspects only 
governed by Directives in broad terms so are in any 
event matters for the national authorities. It is the 
national law that is directly binding on people, com-
panies and operations within a particular state, not 
the Directive. However, because the Directive ulti-
mately governs the national law, people often collo-
quially refer to the Directive rather than the national 
law and this approach will be adopted in this chapter. 
Nevertheless, in any given situation, one must always 
check the relevant national law and consider, fi rst, 
what its provisions are; secondly, to what extent they 
differ from the Directive; and, thirdly, whether any 
difference constitutes a breach of Community law by 
the Member State and what consequences might 
follow, such that the national provision might be 
unenforceable. 

 The UK legislation is the Medical Devices Regula-
tions 2002/618 as amended. 

 The basic structure, concepts and terminology of 
the three Directives on AIMDs, medical devices and 
IVDs are identical; the differences that exist among 
them arise out of the different nature of these prod-
ucts. The following discussion will therefore focus on 
the MDD as revised by Directive 2007/47/EC, because 
this is the central Directive and covers most products. 
Short sections follow on AIMDs and IVDs. Detailed 
analysis of the relevant provisions would fi ll a large 
book: what is intended here is to highlight the impor-
tant aspects which should be considered. 

 The basic purpose of the MDDs, as with all 
product Directives based on Article 14 of the Treaty 
of the Functioning of the European Union (formerly 
Article 95 of the EC Treaty which was itself formerly 
Article 100a), is to ensure that devices placed on the 
EEA market ensure  a high level of protection of safety 
and health  of patients, users and others, when prop-
erly maintained and used in accordance with their 
intended purpose  [2] . The reference to a  ‘ high level ’  
of protection should be noted: the standard of safety 
and protection required by the legislation is signifi -
cant. Strictly speaking, this high level only applies 
where a device is properly maintained and used in 
accordance with its intended purpose. In practice, 
however, danger arising where a device has not been 
properly maintained or as a result of misuse would 
be highly likely to lead to action by the authorities. 
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Competent authorities and 
notifi ed  bodies

 Each Member State has designated a competent 
authority, which is the governmental authority respon-
sible for implementing the Directive in that Member 
State. In the case of the UK, the competent authority is 
the Medicines and Healthcare products Regulatory 
Agency (MHRA). The principal function of a compe-
tent authority in practice is to ensure the safety and 
health of patients and users of medical devices. 

 A competent authority is not involved in the assess-
ment or authorisation for placing a medical device on 
the market. As stated above, the legal responsibility in 
each case rests with the individual manufacturer. 
However, in many cases the manufacturer is required 
to obtain independent certifi cation from a third - party 
testing house, called a notifi ed body. Such testing 
houses are private commercial enterprises that may 
apply for, and be approved for, the purposes of the 
legislation by the competent authority in their 
Member State and are then notifi ed within the Com-
munity by their approval being published in the  Offi -
cial Journal . Notifi ed bodies may be approved for all 
devices or only for specifi c classes of devices. Criteria 
that they must satisfy in order to be approved are set 
out in an Annex to the rele  vant Directive (Annex XI 
for the MDD) though additional regulation of the 
designation and supervision of notifi ed bodies is 
expected during 2013 in the form of a Commission 
Regulation and a Recommendation. This follows 
concerns about the effectiveness of the notifi ed body 
system in light of the concerns about the Poly Implant 
Proth è se (PIP) breast implants in 2012, which did not 
meet quality criteria. In effect, therefore, notifi ed 
bodies, although private entities, perform certain del-
egated regulatory functions. A manufacturer who is 
required by law to utilise the services of a notifi ed 
body may choose any notifi ed body within the Com-
munity who has the appropriate certifi cation, irre-
spective of where either of them is located. The 
relationship between manufacturer and notifi ed body 
is based on contract even though certain actions of the 
notifi ed body have regulatory authority.  

What is a medical device?

 A medical device is defi ned in the MDD as any instru-
ment, apparatus, appliance, software, material or 
other article, whether used alone or in combina -
tion, including the software intended by the manu-
facturer to be used specifi cally for diagnostic and/or 

chaired by the Commission. Under the Article 7 pro-
cedures, the Commission may submit to the Com-
mittees a draft of implementing acts or draft measures 
to be taken (where the measures are designed to 
amend non - essential elements of the MDD), on 
which the Committees deliver their opinions based 
on a weighted majority of representatives. Where the 
implementing acts (measures) are designed to apply 
essential provisions of the MDD (e.g. procedures for 
responding to adverse incident information), the 
Commission must adopt the measures envisaged if 
the Committee delivers a positive opinion. Where 
there is no opinion or a negative opinion, the Com-
mission may not adopt the draft implementing act 
though it may either submit the original draft to an 
appeal committee or amend the draft and re - submit 
this to the original committee. Where the measures 
are designed to adapt or update non - essential ele-
ments of the MDD (e.g. by sup plementing the rules 
covering the provision of instructions for use to allow 
these to be provided electronically) the Commission 
submits the draft measures to the Regulatory Proce-
dure with Scrutiny Committee. If that committee ’ s 
opinion accords with the draft measures the Com-
mission will submit these for scrutiny by the Euro-
pean Parliament and the Council, each of which acts 
by a qualifi ed majority of votes. 

 In all cases the European Parliament or the Council 
may at any time indicate that draft implementing acts 
or measures exceed the powers granted to the Com-
mission by the MDD in which case the Commission 
must review the draft and report whether it intends 
to maintain, amend or to withdraw the draft in 
question. 

 Less formal, non - binding procedures also exist. 
There are frequent meetings between representatives 
of the Commission, Member States and notifi ed 
bodies. Also, the Member States ’  competent authori-
ties decided to formally establish a Central Man-
agement Committee (CMC) in 2010 with a view to 
improving the effectiveness of the regulatory system 
by achieving greater consistency in the interpretation 
and implementation of the legislation and improving 
decision - making amongst the national competent 
authorities. The Commission is also assisted by a 
Working Group of Experts. A sequence of guidance 
notes have been issued by the Commission (MEDDEV 
series), by certain competent authorities (such as 
the UK Agency ’ s Bulletins/Guidance Notes); guid-
ance is available arising out of the meeting of notifi ed 
bodies and is issued by trade associations and others. 
In addition, the Commission ’ s Services have issued 
Interpretative Documents on the MDDs.  
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a medicinal product is achieved by pharmacological 
or immunological means or by metabolism.    

 The principal intended action of a product may be 
deduced from:
    •      the manufacturer ’ s labelling and claims; or  
   •      scientifi c data regarding mechanism of action.    
 Although the manufacturer ’ s claims are important, it 
is not possible to place the product in one or other 
category in contradiction to current scientifi c data. 
Manufacturers may be required to justify scientifi -
cally their rationale for classifi cation of borderline 
products. 

 Medical devices may be assisted in their function 
by pharmacological, immunological or metabolic 
means, but as soon as these means are not any more 
ancillary with respect to the principal purpose of a 
product, the product becomes a medicinal product. 
The claims made for a product, in accordance with 
its method of action may, in this context, represent 
an important factor for its classifi cation as medical 
device or medicinal product. Examples of medical 
devices incorporating a medicinal substance with 
ancillary action include catheters coated with heparin 
or an antibiotic, bone cements containing antibiotic, 
and condoms coated with spermicides  [1] .  

Drug–device combinations

 The MDD specifi es the following approaches  [11] .
1.     A device that is intended to administer a medicinal 
product (e.g. an unfi lled syringe) is a medical device. 
The medicinal product itself remains regulated as a 
medicine.  
2.     If the device and the medicinal product form a 
single integral product which is intended exclusively 
for use in the given combination and which is not 
reusable (e.g. a pre - fi lled syringe), that single product 
is regulated as a medicine. An application for a mar-
keting authorisation must be made under Directive 
2001/83/EC. However, the safety and performance of 
the device features of the integral product are assessed 
in accordance with the essential requirements of 
Annex I of the MDD.  
3.     Where a device incorporates, as an integral part, a 
substance that, if used separately, may be considered 
to be a medicinal product and that is liable to act 
upon the body with action ancillary to that of the 
device (e.g. a heparin - coated catheter), the product is 
classed as a medical device. However, the medicinal 
product is to be assessed in accordance with the 
requirements of Directive 2001/83/EC and its Annex 

therapeutic purposes and necessary for its proper 
application, intended by the manufacturer to be used 
for human beings, for the purpose of:
1.     Diagnosis, prevention, monitoring, treatment or 
alleviation of disease;  
2.     Diagnosis, monitoring, treatment, alleviation of or 
compensation for an injury or handicap;  
3.     Investigation, replacement or modifi cation of the 
anatomy or of a physiological process; or  
4.     Control of conception,   
  and which does not achieve its principal intended 
action in or on the human body by pharmacological, 
immunological or metabolic means, but which may 
be assisted in its function by such means  [8] . A 
broadly equivalent defi nition is employed for AIMDs 
in Directive 90/385/EEC. 3

 An accessory is also considered to be a medical 
device. An accessory is defi ned as: an article that, while 
not being a device, is intended specifi cally by its manu-
facturer to be used together with a device to enable it 
to be used in accordance with the use of the device 
intended by the manufacturer of the device  [9] .  

The drug–device borderline 

 Diffi cult borderline questions arise in relation to a 
signifi cant number of products, particularly whether 
they are to be classifi ed as medicinal products or as 
medical devices. As a general rule, a relevant product 
is regulated either under the MDDs or by the medici-
nal products Directives (MPDs). Normally, the pro-
cedures of both Directives do not apply cumulatively. 
The Commission has issued guidelines on this drug –
 device borderline issue  [10]  and also on what consti-
tutes medical devices, AIMDs and accessories. In 
order to decide which regime applies, the relevant 
criteria are as follows:
1.     The intended purpose of the product, taking into 
account the way the product is presented (this is likely 
to establish if either the MDD or MPD apply, rather 
than distinguish between the two regimes).  
2.     The method by which the principal intended 
action is achieved. This is crucial in the defi nition of 
a medical device. Typically, the medical device func-
tion is fulfi lled by physical means (including mechan-
ical action, physical barrier, replacement of, or 
support to, organs or body functions). The action of 

 3      Directive 90/385/EEC on the approximation of the laws of 

the Member States relating to active implantable medical 

devices. 
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tion. Implantable devices are surgically invasive 
devices intended to be totally introduced by surgery 
to the body, to replace an epithelial surface or the 
surface of the eye and intended to remain in place 
after the procedure, and also include those partially 
introduced surgically invasive devices remaining in 
place for at least 30 days. The central circulatory 
system is defi ned by the following vessels: arteriae 
pulmonales, aorta ascendens, arteriae coronarieae, 
arteria carotis communis, arteria carotis externa, 
arteria carotis interna, arteriae cerebrales, truncus 
brachicephalicus, venae cordis, venae pulmonales, 
vena cava superior, vena cava inferior. The central 
nervous system consists of the brain, meninges and 
spinal cord. Active medical devices (which include 
stand - alone software products that are medical 
devices) depend on a power source, such as electricity, 
for its operation, but not sources of power generated 
by the human body or gravity. 

 Non - invasive devices are covered by rules 1 – 4 and 
include the following classes:
1.     Class I, for example, ostomy pouches, wheelchairs, 
eye glasses, incontinence pads, cups and spoons for 
administering medicines, wound dressings, such as 
cotton wool and wound strips.  
2.     Class IIa, for example, transfusion equipment, 
storage and transport of donor organs, polymer fi lm 
dressings, hydrogel dressings.  
3.     Class IIb, for example, haemodialysers, dressings 
for chronic extensive ulcerated wounds.    

 Invasive devices are covered by rules 5 – 8 and 
include the following classes.
1.     Class I, for example, dressings for nose bleeds, 
hand - held dentistry mirrors, enema devices, reusable 
surgical instruments.  
2.     Class IIa, for example, contact lenses, urinary cath-
eters, tracheal tubes connected to a ventilator, needles 
used for suturing, infusion cannulae, dental bridges 
and crowns.  
3.     Class IIb, for example, urethral stents, insulin 
pens, devices supplying ionising radiation, intraocu-
lar lenses, maxillofacial implants.  
4.     Class III, for example, prosthetic heart valves, 
rechargeable non - active drug delivery systems, 
absorbable sutures, spinal stents, neurological cathe-
ters, temporary pacemaker leads. Hip, knee and 
shoulder joint replacements were reclassifi ed from 
Class IIb to Class III. 5

which is contained in Commission Directive 2003/63/
EC. A notifi ed body undertaking conformity assess-
ment on a medical device that incorporates a medici-
nal substance having ancillary action has a 
responsibility to consult a national medicines agency 
or the European Medicines Agency about the medici-
nal substance, to verify its safety, quality and useful-
ness by analogy with the appropriate methods 
specifi ed in Directive 2001/83/EC. The MDD includes 
additional rules regarding medical devices incorpo-
rating as an integral part a human blood derivative 
and medical devices manufactured utilising animal 
tissues or derivatives of these.     

Classifi cation of  devices

 The purpose of classifi cation of devices is simply so as 
to provide options for conformity assessment 
methods. Under the MDD, medical devices are cate-
gorised into four classes, generally according to the 
degree of risk that they represent. In summary, Class I 
covers those that do not enter or interact with the 
body; Classes IIa and IIb are invasive or implantable 
devices or those that do interact with the body; Class 
III is mainly for devices that affect the functions of 
vital organs, although legislation upgrading replace-
ment joints as a class to the highest risk category 
was introduced in 2005 by Directive 2005/50/EC. 4

Implantables with an energy source are covered by the 
AIMD Directive. The detailed classifi cation rules are 
lengthy and are set out in Annex IX of Directive 93/42/
EEC. A sequence of rules must be worked through: 
charts and software are available to assist this. 

 The classifi cation system uses three basic criteria, 
in various combinations: duration of contact with the 
body, degree of invasiveness and the anatomy affected 
by the use of the device. 

 Duration is based on continuous use (i.e. uninter-
rupted actual use) and categorised as transient ( < 60 
minutes), short term ( ± 30 days) or long term ( > 30 
days). Invasive devices penetrate wholly or partly 
inside the body by way of an orifi ce or via the surface 
of the body. A body orifi ce is a natural opening in the 
body and includes the external surface of the eyeball 
and any permanent artifi cial opening, such as a 
stoma. Surgically invasive devices penetrate via the 
surface to the inside of the body by surgical interven-

 5      Commission Directive 2005/50/EC, implemented in the UK 

by the Medical Devices (Amendment) Regulations 2007, SI 

2007/400. 

 4      Commission Directive 2005/50/EC on the reclassifi cation of 

hip, knee and shoulder joint replacements in the framework 

of Council Directive 93/42/EEC concerning medical devices. 
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capture the majority of products while recognising 
that there will always be products that are borderline 
either between classes or with other product types, 
such as drugs and cosmetics, and also new innovative 
products that do not fi t the criteria laid down.  

Conformity assessment procedures 
and CE marking

 Depending on the class of the device, a manufacturer 
may be able to choose between a number of alterna-
tive conformity assessment procedures in the assess-
ment of whether a medical device conforms to the 
essential requirements. Although the rules should be 
considered in detail in each case  [12] , the basic 
options might be summarised as follows.
1.     For all products in Classes IIa, IIb and III, and 
AIMDs, a full quality assurance system, audited peri-
odically by a notifi ed body (Annex II of the MDD), 
which includes examination and certifi cation by the 
notifi ed body of the design dossier of each product 
covered. The manufacturer must keep documenta-
tion on the quality system and the design dossier of 
each product plus other documentation. The quality 
system obligations include post - marketing and vigi-
lance aspects. Compliance with Annex II may be 
achieved (this is not mandatory but is invariably 
adopted voluntarily) by compliance with the EN 
29000 and 13485 series standards, which apply the 
ISO 9000 series.  
2.     For products in Classes IIa, IIb and III, and 
AIMDs, examination and certifi cation by a notifi ed 
body of a specimen product (type examination: 
Annex III of the MDD) coupled with a varying degree 
(partially restricted by product class) of product or 
production quality assurance (MDD Annexes IV, 
V and VI), which ensures that the manufacturing 
process produces products that conform to the certi-
fi ed type and might involve a quality system for 
manufacture and fi nal inspection (Annex V), or 
a quality system for fi nal inspection and testing 
(Annex VI).  
3.     For products in Class I, the manufacturer must 
have specifi ed technical documentation on the design 
of the product showing that it conforms to the essen-
tial requirements: manufacturing aspects are not 
covered and a notifi ed body is not involved unless 
there is a measuring function and/or the product is 
sterilised. (Annex VII: EC declaration of conformity.)    

 In all cases, the specifi ed documentation must 
be kept for 5 years after the last product has been 

 Active devices, while covered under the above 
rules, are largely covered by rules 9 – 12 and include 
the following classes.
1.     Class I, for example, examination lights, surgical 
microscopes, wheelchairs, thermography devices, 
recording, processing or viewing of diagnostic images.  
2.     Class IIa, for example, suction equipment, feeding 
pumps, anaesthesia machines, ventilators, hearing 
aids.  
3.     Class IIb, for example, lung ventilators, incubators 
for babies, surgical lasers, X - ray sources.    
 Special rules 13 – 18 govern several hazardous charac-
teristics that may be found in certain devices and 
require a certain level of control and conformity 
assessment. Rule 13 deals with devices incorporating 
a medicinal substance whose action is ancillary to 
that of the device  –  Class III, for example, antibiotic 
bone cements, condoms with spermicides, heparin -
 coated catheters. It also covers medical devices incor-
porating a human blood derivative as an integral part, 
which are also Class III. 

 Rule 14 deals with devices used for contraception 
or the prevention of transmission of sexually trans-
mitted diseases  –  Class IIb, for example, condoms, 
contraceptive diaphragms and if they are implantable 
or long - term invasive; Class III, for example, intrau-
terine devices. 

 Rule 15 deals with devices for specifi c disinfecting, 
cleaning and rinsing and includes contact lens disin-
fecting, cleaning, rinsing and hydrating  –  Class IIb, 
for example, contact lens solutions, comfort solu-
tions, and devices specifi cally intended for disin-
fecting medical devices; Class IIa, for example, 
disinfectants for use with endoscopes. 

 Rule 16 classifi es devices specifi cally intended for 
recording X - ray diagnostic images as Class IIa, for 
example, X - ray fi lms while active devices intended to 
emit ionizing radiation for diagnostic and/or thera-
peutic purposes like X - ray equipment are Class IIb, 
under Rule 10. 

 Rule 17 classifi es all devices utilising animal tissues 
or derivatives rendered non - viable and coming into 
contact with breached skin as Class III, for example, 
biological heart valves, porcine xenograft dressings, 
catgut sutures, collagen implants and dressings. 

 Rule 18 puts blood bags into Class IIb. 
 If several rules apply to a device, the strictest rule 

resulting in the higher classifi cation applies. It must 
be reiterated that classifi cation is based on the manu-
facturer ’ s intended use and thus the listing of devices 
into classes must be taken as guidance only. No clas-
sifi cation system can be perfect and thus the aim is to 
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ments; EN 14155 - 2 Clinical investigation of medical 
devices for human subjects  –  Part 2: Clinical investi-
gation plans;  
   •      EN 60601 series medical electrical equipment;  
   •      EN 14971  –  Medical devices  –  Application of risk 
management to medical devices.     

Custom-made devices

 A new device that is specifi cally made in accordance 
with a duly qualifi ed medical practitioner ’ s written 
prescription and which gives, under the practitioner ’ s 
responsibility, specifi c design characteristics, and is 
intended for the sole use of a particular patient is 
permitted to be marketed without CE marking under 
provisions referring to custom - made devices  [14] . 
The prescription may be made by any person author-
ised by virtue of their professional qualifi cations to 
do so. Mass produced devices that need to be adapted 
to meet the specifi c requirements of the medical prac-
titioner or any other professional user are not consid-
ered to be custom - made devices. 

 The manufacturer must undertake to keep availa-
ble for the competent authorities documentation on 
the design, manufacture and performance of the 
product so as to allow assessment of conformity with 
the essential requirements. The manufacturer must 
also draw up a statement containing the following 
information:
1.     Name and address of the manufacturer.  
2.     Data allowing identifi cation of the device in 
question.  
3.     A statement that the device is intended for exclu-
sive use by a particular patient, together with the 
name of the patient.  
4.     The name of the medical practitioner or other 
authorised person who made out the prescription 
and, where applicable, the name of the clinic 
concerned.  
5.     The specifi c characteristics of the device as indi-
cated in the relevant medical prescription.  
6.     A statement that the device in question conforms 
to the essential requirements set out in Annex I of the 
MDD and, where applicable, indicating which essen-
tial requirements have not been fully met, together 
with the grounds.    

 Manufacturers must inform the competent author-
ities of their registered place of business and the 
description of the devices concerned. The information 
contained in the statement must be kept for 5 years 
(15 years for implantables) and the manufacturer 

manufactured (15 years for implantable devices). The 
Annex VII procedure is also available for Class IIa 
devices if coupled with the Annex IV or V or VI 
procedure.  

Registration 

 The manufacturer of a Class I device or of a custom -
 made device, or a person who markets a system or 
procedure pack, must inform the competent author-
ity of the manufacturer ’ s registered place of business 
and the description of the devices concerned  [13] . 
Such manufacturers who are located outside the EEA 
must designate persons established within the Com-
munity who are responsible for such registration. For 
devices falling within Classes IIa, IIb or III, Member 
States have the right to request labels and identifying 
data when such devices are put into service in their 
territory.  

Harmonised standards 

 Manufacturers may voluntarily decide to apply any 
standard to their product or business. Devices that 
are in conformity with a national standard adopted 
pursuant to a harmonised EC standard published in 
the Offi cial Journal of the European Union  are pre-
sumed by Member States to comply with those 
aspects of the essential requirements that are covered 
by the standard. Harmonised standards are those 
adopted by the EC standards bodies pursuant to a 
mandate issued by the Commission, in this case the 
European Committee for Standardisation and the 
European Committee for Electrotechnical Standardi-
sation. A large number of standards are contemplated 
but may take time to be written and adopted. Stand-
ards may be horizontal (covering aspects common to 
all or a number of product types) or vertical (dealing 
only with a specifi c aspect or specifi c product type). 
Important harmonised standards exist on the 
following:
    •      EN 13485 Medical devices  –  Quality management 
systems  –  Requirements for regulatory purposes;  
   •      EN 1041 information and labelling for medical 
devices;  
   •      EN 980 graphical symbols;  
   •      EN 10993 series biological evaluation of medical 
devices;  
   •      EN 14155 - 1 Clinical investigation of medical 
devices for human subjects  –  Part 1: General require-
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been developed and designed to withstand a reproc-
essing procedure. The Commission ’ s 2010 report 6

noted that health risks associated with use of re -
processed medical devices could not be quantifi ed 
though three major health hazards had been iden-
tifi ed, in particular potential contamination with 
transmissible agents such as prions. It also noted that 
not all single - use devices are suited for reprocessing 
and that the comprehensive cost - effectiveness and 
environmental - friendliness of high quality reprocess-
ing had not yet been clearly demonstrated. The revi-
sions to the MDD proposed in September 2012 
contain provisions to regulate reprocessing.  

Essential requirements 

 The essential requirements contained in Annex I of 
each new approach Directive specify the aspects of 
safety and performance that must be satisfi ed at the 
time at which a relevant product is placed on the 
market. Essential requirements are stated as princi-
ples or as generalised aspects and exclude detailed 
technical requirements. The scheme of the Com-
munity ’ s new approach is that detailed technical 
aspects are not required as legal obligations but, if 
they are generally accepted, may be applied voluntar-
ily by manufacturers through being included in offi -
cial standards  [15] . The essential requirements are 
intended to be comprehensive and all must be satis-
fi ed save for those requirements that do not apply to 
a particular product as a matter of common sense. 

 The essential requirements in the MDD fall under 
two headings: general requirements and require-
ments regarding design and construction. The general 
requirements include the following provisions.
1.     The devices must be designed and manufactured 
in such a way that when used under the conditions 
and for the purposes intended, they will not compro-
mise the clinical condition or the safety of patients, 
or the safety and health of users or, where applicable, 
other persons, provided that any risks that may be 
associated with their intended use constitute accept-
able risks when weighed against the benefi ts to the 
patient and are compatible with a high level of pro-
tection of health and safety. Requirements for ergo-
nomic design for patient safety and design for specifi c 

must undertake to carry out vigilance and to carry out 
any corrective action like withdrawal.  

Systems and procedure  packs

 A number of items are sometimes assembled and 
marketed together as a particular system or to be used 
with a particular medical procedure. The individual 
items might or might not already bear CE marking. 
Where all the devices bear CE marking and are put 
together within the intended purposes specifi ed by 
their manufacturers, a person or manufacturer who 
puts them together must draw up a declaration 
stating the following.
1.     They have verifi ed the mutual compatibility of 
the devices in accordance with the manufacturers ’  
instructions and have carried out their operations in 
accordance with these instructions.  
2.     They have packaged the system or procedure pack 
and supplied relevant information to users incor-
porating relevant instructions from the original 
manufacturers.  
3.     The whole activity is subjected to appropriate 
methods of internal control and inspection.    
 The system or procedure pack must not bear addi-
tional CE marking and must be accompanied by the 
original manufacturers ’  information. The declaration 
must be kept for 5 years. 

 Where the above conditions are not met, as in cases 
where the system or procedure pack incorporates 
devices that do not bear CE marking or where the 
chosen combination of devices is not compatible in 
view of their original intended use, the system or 
procedure pack must be treated as a device in its own 
right and the appropriate conformity assessment pro-
cedure must be followed.  

Reprocessing 

 The revisions to the MDD contained in Directive 
2007/47/EC provided for the Commission to report 
to the Council and the European Parliament on the 
issue of reprocessing of single - use medical devices 
with a view to submitting proposals to regulate such 
reprocessing in order to maintain a high level of 
health protection. This was necessary in view of 
reprocessing (sometimes in response to increasing 
fi nancial pressures) by hospitals or via third party 
reprocessing providers of devices which were intended 
only for a single patient, and which had not therefore 

 6      Report on the issue of reprocessing of medical devices in 

the European Union, in accordance with Article 12a of 

Directive 93/42/EEC, 27.08.2010. 
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   •      information supplied by the manufacturer (see 
below).     

Information supplied by the 
manufacturer 

 The general principle is that each device must be 
accompanied by the information needed to use it 
safely and properly, taking account of the training 
and knowledge of the potential users, and to identify 
the manufacturer. This information comprises the 
details on the label and the data in the instructions 
for use. A series of 14 particular requirements are 
specifi ed for inclusion in the label and the same 
14 requirements plus a further 16 categories of in -
formation must be included in the instructions 
for use. 

 As far as practicable and appropriate, the informa-
tion needed to use the device safely must be set out 
on the device itself and/or on the packaging for each 
unit or, where appropriate, on the sales packaging. If 
individual packaging of each unit is not practicable, 
the information must be set out in the leafl et supplied 
with one or more devices. Instructions for use must 
be included in the packaging for every device. By way 
of exception, no such instructions for use are needed 
for devices in Class I or IIa if they can be used safely 
without any such instructions. 

 Where appropriate, this information should take 
the form of symbols. Any symbol or identifi cation 
colour used must conform to the harmonised stand-
ards. In areas for which no standards exist, the 
symbols and colours must be described in the docu-
mentation supplied with the device. 

 It will be noted that in the above three paragraphs, 
which are quoted verbatim from Annex I, certain 
fl exibility is permitted through use of the words 
 ‘ where appropriate ’ : this is a feature of many of the 
other essential requirements. The manufacturer is 
permitted some discretion over compliance with the 
essential requirements, based on an application of 
common sense to the circumstances of his particular 
product.  

Who is a manufacturer? 

 A manufacturer is defi ned as the natural or legal 
person with responsibility for the design, manufac-
ture, packaging and labelling of a device before it is 
placed on the EU market under that manufacturer ’ s 

categories of user (lay, professional, disabled users, 
etc.) are part of this essential requirement.  
2.     The solutions adopted by the manufacturer for the 
design and construction of the devices must conform 
to safety principles, taking account of the generally 
acknowledged state of the art. In selecting the most 
appropriate solutions, the manufacturer must apply 
the following principles in the following order: 

(a)     eliminate or reduce risks as far as possible 
(inherently safe design and construction);  
(b)     where appropriate, take adequate protection 
measures including alarms if necessary, in relation 
to risks that cannot be eliminated; and  
(c)     inform users of the residual risks due to any 
shortcomings of the protection measures adopted.    

3.     The devices must achieve the performances 
intended by the manufacturer and be designed, man-
ufactured and packaged in such a way that they are 
suitable for one or more of the functions as specifi ed 
by the manufacturer.  
4.     The characteristics and performances referred to 
in sections 1 – 3 above must not be adversely affected 
to such a degree that the clinical conditions and safety 
of the patients and, where applicable, of other persons 
are compromised during the lifetime of the device as 
indicated by the manufacturer, when the device is 
subjected to the stresses that can occur during normal 
conditions of use.  
5.     The devices must be designed, manufactured and 
packed in such a way that their characteristics and 
performances during their intended use will not be 
adversely affected during transport and storage, 
taking account of the instructions and information 
provided by the manufacturer.  
6.     Any undesirable adverse effect must constitute an 
acceptable risk when weighed against the perform-
ances intended.    

 Section 2 above implies that a manufacturer must 
carry out a risk analysis. A harmonised standard is 
available on this topic, EN 14971, which amplifi es the 
methodology for risk analysis, elimination or reduc-
tion required by section 2. 

 The essential requirements regarding design and 
construction are too extensive to be summarised here. 
They cover the following headings:
    •      clinical, physical and biological properties;  
   •      infection and microbial contamination;  
   •      construction and environmental properties;  
   •      devices with a measuring function;  
   •      protection against radiation;  
   •      requirements for medical devices connected to, or 
equipped with, an energy source; and  
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‘Placing on the market’ and 
‘putting into service’

 The MDD provide that devices may be placed on the 
market and put into service only if they comply with 
the requirements laid down in the applicable Direc-
tive when duly supplied and properly installed, main-
tained and used in accordance with their intended 
purpose  [18] . Devices, other than devices that are 
custom - made or intended for clinical investigations, 
that are considered to meet the essential requirements 
set out in Annex I of the relevant Directive must bear 
the CE marking of conformity when they are placed 
on the market  [19] . 

 The CE marking of conformity, as specifi ed in 
MDD Annex XII, must appear in a visible, legible and 
indelible form on the device or its sterile pack, where 
practicable and appropriate, and on the instructions 
for use. Where applicable, the CE marking must also 
appear on the sales packaging. It must be accompa-
nied by the identifi cation number of the notifi ed 
body responsible for implementation of the relevant 
conformity assessment procedure. It is prohibited to 
affi x marks or inscriptions that are likely to mislead 
third parties with regard to the meaning or the graph-
ics of the CE marking. Any other mark may be affi xed 
to the device, to the packaging or to the instruction 
leafl et accompanying the device provided that the vis-
ibility and legibility of the CE marking is not thereby 
reduced. 

 The current concepts of  ‘ placing on the market ’  
and  ‘ putting into service ’  have been standard in Com-
munity  ‘ new approach ’  Directives. Although the 
amendments to the  ‘ new approach ’  Directives have 
now modifi ed these concepts  [20] , the modifi ed ver-
sions have not yet been introduced into the MDDs, 
although this is contained in the September 2012 pro-
posals for the revision of the MDDs. For the purposes 
of the current MDD, they are defi ned as follows:
1.      Placing on the market  means the stage of fi rst 
making available in return for payment or free of 
charge a device other than a device intended for clini-
cal investigation, with a view to distribution and/or 
use on the Community market, regardless of whether 
it is new or fully refurbished.  
2.      Putting into service  means the stage at which a 
device has been made available to the fi nal user as 
being ready for use on the Community market for the 
fi rst time for its intended purpose  [21] .    

 The European Commission has issued guidance on 
these concepts in the context of all  ‘ new approach 
Directives ’   [22] . In essence, a device is placed on the 

own name, regardless of whether these operations 
are carried out by that manufacturer or on their 
behalf by a third party. The MDDs also apply to 
those who assemble, package, process, fully refur -
bish and/or label a product and in certain other 
situations. 

 The intention is that the person (more normally, 
the company) who assumes the legal responsibility of 
 ‘ manufacturer ’  need not be the person who assembles 
the product. One or more of the activities of design, 
manufacture, packaging or labelling may be subcon-
tracted by the legal manufacturer. The name or trade-
name and address of the legal manufacturer must 
appear on the label and instructions for use  [16] . In 
addition, for devices imported into the Community, 
the label, or the outer packaging, or instructions 
for use, must contain the name and address of the 
authorised representative of the manufacturer estab-
lished within the Community.  

Manufacturers  outside the EEA

 A non - EEA manufacturer may place a Class I or 
custom - made medical device or a system or proce-
dure pack on the EU market under their own name 
provided it has undergone a relevant conformity 
assessment procedure and bears CE marking, and the 
competent authorities in the relevant Member State 
have been informed of either:
1.     the manufacturer ’ s registered place of business in 
that Member State, if they have one, and the descrip-
tion of the device; or  
2.     the registered place of business in that Member 
State of a person designated by the manufacturer as 
responsible for marketing the device in the European 
Union, and the category of the device  [13] .    

 In relation to devices in Classes II, IIa and IIb, a 
manufacturer must certify conformity personally 
under the Annex II procedure, but an authorised rep-
resentative established in the European Union may 
do this in place of the manufacturer under the Annex 
III and IV procedures. 

 The functions of an authorised representative are 
not precisely defi ned in the MDD, but such a person 
is explicitly designated by the manufacturer, and acts 
and may be addressed by authorities and bodies in 
the Community instead of the manufacturer with 
regard to the latter ’ s obligations  [17] . It would be 
good practice for the manufacturer and the author-
ised representative to have a written contract record-
ing their relationship.  
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 Thus, evaluation of the clinical safety and perform-
ance is required for all devices, whereas a clinical 
investigation of each device may or may not be neces-
sary (the term  ‘ clinical trial ’  is not used in relation 
to devices). The Directives give some latitude over 
the circumstances in which a clinical investigation 
of a non - CE marked device is required. Guidance 
issued by the MHRA  [23]  states that an investigation 
should at least be considered in the following 
situations.
1.     The device is an implantable or Class III medical 
device.  
2.     There is the introduction of a completely new 
concept of device into clinical practice where compo-
nents, features and/or methods of action, are previ-
ously unknown.  
3.     An existing device is modifi ed in such a way that 
it contains a novel feature, particularly if such a 
feature has an important physiological effect; or 
where the modifi cation might signifi cantly affect the 
clinical performance and/or safety of the device.  
4.     A device incorporates materials previously 
untested in humans, coming into contact with the 
human body or where existing materials are applied 
to a new location in the human body or where the 
materials are to be used for a signifi cantly longer time 
than previously, in which case compatibility and bio-
logical safety will need to be considered.  
5.     A device, either CE marked or non - CE marked, is 
proposed for a new purpose or function.  
6.     Where  in vitro  and/or animal testing of the device 
cannot mimic the clinical situation.  
7.     There is a new manufacturer especially of a high -
 risk device.    

 The regime of the MDD is that if clinical evalua-
tion is required, it must be subject to ethical approval 
in accordance with the principles of the Declaration 
of Helsinki  [24] . The MDD specify  [25]  that the 
purpose of a clinical investigation is to:
1.     verify that, under normal conditions of use, the 
performance of the devices conform to those intended 
by the manufacturer, viz. the device should be 
designed, manufactured and packaged in such a way 
that it is suitable for one of more of the functions 
specifi ed by the manufacturer; and  
2.     determine any undesirable side effects, under 
normal conditions of use, and assess whether they are 
acceptable risks with regard to the intended perform-
ance of the device.    
 The MDD also specify the methodology to be adopted 
in clinical investigations. Adverse incidents occur -
ring in the investigation must be reported to the 

market when it is fi rst put into the stream of distribu-
tion or commerce by its manufacturer. A device that 
is fully refurbished is treated as if it were a new device 
and must be subject afresh to the requirements of the 
applicable Directive. Diffi culties arise over the defi ni-
tion of what constitutes refurbishment (simple serv-
icing is clearly not included) and aspects, such as 
upgrading. 

 In 2010 the Commission ’ s Services issued an Inter-
pretative Document 7  on the meaning of  placing on the 
market  of medical devices which sought to refl ect the 
changes to the  ‘ new approach ’  introduced by EC 
Regulation 765/2008 with the result that different 
tests now apply for products manufactured in the 
Community or outside it regarding the point at 
which devices must comply with all applicable MDD 
requirements. For devices manufactured outside the 
Community the Commission ’ s view is that these are 
not placed on the market until they have successfully 
gone through customs clearance at the point of fi rst 
entry into the Community.  

Clinical investigation

 The 2007 revision of the MDD strengthened the 
requirement for confi rmation of conformity with the 
essential requirements to be based on clinical data by 
extending this to all categories of devices. 

 The evaluation of the adequacy of such clinical 
data must be based on a critical evaluation of:
    •      a compilation of the relevant scientifi c literature 
currently available where there is demonstration of 
equivalence to a predicate device to which the data 
relates and the data adequately demonstrates compli-
ance with the essential requirements; or  
   •      the results of all clinical investigations made; or  
   •      the combined clinical data referred to in the two 
preceding bullet points.    
 In the case of implantable devices and Class III 
devices clinical investigations must be performed 
unless there is due justifi cation to rely on existing 
clinical data. There is an additional presumption that 
post - market clinical follow - up will form part of the 
post - market surveillance plan for a device unless this 
is duly justifi ed and documented. 

 7      European Commission, Interpretative Document of the 

Commission ’ s Services on placing on the market of medical 

devices, 16 November 2010 (SANCO/B/2/PBE/pdw Ares 

(2010) 332016). 
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tions (AIMD Directive Annex 7; MDD Annex X) is 
assisted by adoption of standards EN 14155 - 1  –  Clini-
cal investigation of medical devices for human sub-
jects  –  Part 1: General requirements; EN 14155 - 2 
 –  Clinical investigation of medical devices for human 
subjects  –  Part 2: Clinical investigation plans. These 
are very similar to pharmaceutical Good Clinical 
Practice. 

 Clinical investigation is not required for IVDs 
which instead undergo performance evaluation.  

In vitro diagnostics

 An IVD medical device is defi ned as any medical 
device that is a reagent, reagent product, calibrator, 
control material, kit, instrument, apparatus, equip-
ment or system, whether used alone or in combina-
tion, intended by the manufacturer to be used  in vitro
for the examination of specimens, including blood 
and tissue donations derived from the human body, 
solely or principally for the purpose of providing 
information:
1.     concerning a physiological or pathological state or 
congenital abnormality;  
2.     to determine the safety and compatibility with 
potential recipients; or  
3.     to monitor therapeutic measures.    
 For the purpose of this IVD Directive, a specimen 
receptacle, whether evacuated or not, specifi cally 
intended by its manufacturer to contain a specimen 
for the purposes of an IVD examination, is consid-
ered to be an IVD device. Products for general labora-
tory use are not IVD devices unless such products, in 
view of their characteristics, are specifi cally intended 
by their manufacturer to be used for IVD examina-
tion  [30] . 

 The IVD Directive follows the same general  ‘ new 
approach ’  scheme as the other MDDs with the fol-
lowing major differences. IVDs are divided into two 
classes: Annex II devices and everything else though 
additional rules apply for IVD devices for self testing. 
Annex II devices are themselves divided into List A 
(high risk) and List B which include the following 
(each case also including calibrators and control 
materials):
1.     List A: 

(a)     Reagents and reagent products for determin-
ing the following blood groups: ABO system, 
Rhesus (C, c, D, E, e) anti - Kell;  
(b)     Reagents and reagent products for the detec-
tion, confi rmation and quantifi cation in human 
specimens of markers of HIV infection (HIV 1 

competent authority. A general requirement in the 
MDD is:

  Clinical investigations must be performed on the basis of an 

appropriate plan of investigation refl ecting the latest scien-

tifi c and technical knowledge and defi ned in such a way as 

to confi rm or refute the manufacturer ’ s claims for the device; 

these investigations must include an adequate number of 

observations to guarantee the scientifi c validity of the 

conclusions. 

 Directive93/42/EEC  [26]    

 The primary consideration of a clinical investiga-
tion of a device is assessment verifi cation of the 
manufacturer ’ s claims for the technical performance 
of the device. Safety considerations are, nevertheless, 
relevant in that the clinical investigation should 
determine and assess any undesirable adverse effects, 
but the main thrust of the clinical evaluation, and in 
particular of the conformity assessment by a notifi ed 
body or the manufacturer to permit marketing, is on 
technical performance rather than a complete evalu-
ation of safety. It is an essential requirement for mar-
keted devices that  ‘ [A]ny undesirable side - effect must 
constitute an acceptable risk when weighed against 
the performances intended ’   [27] . 

 Both the AIMD Directive  [28]  and the MDD  [29]  
specify that a manufacturer must submit to the com-
petent authority of the Member State in which the 
investigation is to be conducted a statement in the 
specifi ed form (MDD Annex VIII) containing detailed 
information supporting conformity of the investiga-
tional device to the essential requirements, barring the 
aspects of the device under investigation, and results 
of the risk analysis undertaken to ensure all precau-
tions have been taken to protect health and safety 
with regard to these aspects. Additionally, the manu-
facturer must undertake to keep available design 
drawings, manufacturing methods, descriptions and 
explanations and the results of calculations and tech-
nical tests as well as the results of the risk analysis. 

 For Class III devices and implantable and long -
 term invasive devices in Classes IIa and IIb the inves-
tigation may commence either after 60 days unless 
the authority has objected, or earlier if the authority 
so authorises, provided a favourable ethics committee 
opinion is available. For devices other than those just 
specifi ed, the Member State may authorise immediate 
commencement after receipt of notifi cation, pro-
vided a favourable ethics committee opinion has been 
issued. A device that is intended for clinical investiga-
tion must not bear CE marking and must be labelled 
 ‘  exclusively for clinical investigations  ’ . Compliance 
with the requirements relating to clinical investiga-



European regulation of medical devices 431

group of scientifi c experts appointed by the Member 
States) which apply to devices in Annex II List A and, 
when required, devices in Annex II List B. There is 
some uncertainty about the circumstances in which 
the requirement might apply to List B devices. CTS 
establish appropriate performance evaluation and re -
 evaluation criteria, batch release criteria, reference 
methods and reference materials. If, for duly justifi ed 
reasons, manufacturers do not comply with the CTS, 
they must adopt other solutions that are at least 
equivalent to these specifi cations. CTS are intended 
mainly for the evaluation of the safety of the blood 
supply and organ donations. 

 Manufacturers who place devices on the market 
under their own name must notify the competent 
authorities of the Member State in which they have 
their registered place of business of the address of 
that registered place of business, the categories of 
devices as defi ned in terms of common characteristics 
of technology and/or analytes, and of any signifi cant 
change thereto (see below). Where such a manufac-
turer has no registered place of business in any 
Member State he must designate an authorised rep-
resentative and notify that representative ’ s place of 
business. Manufacturers shall notify competent 
authorities:
1.     for reagents, reagent products, reference and 
control materials, of information concerning common 
technological characteristics and/or analytes, as well 
as any signifi cant change including discontinuation 
of placing on the market;  
2.     for other IVDs, appropriate indications; and  
3.     for devices in Annex II and devices for self - testing, 
all data allowing identifi cation and the analytical and, 
where applicable, diagnostic parameters as referred to 
in Annex 1, part A, section 3; also the results of evalu-
ation of performance in accordance with Annex VIII 
and certifi cates of notifi ed bodies as well as of any 
signifi cant changes, including discontinuation of 
placing on the market.    

 Clinical evaluation is not appropriate for IVDs but 
a procedure is specifi ed for performance evaluation 
studies in clinical laboratories or in other appropriate 
environments outside the manufacturer ’ s premises 
(Annex VIII).  

Advanced therapy 
medicinal products 

 Tissue engineered products are subject to the special 
regulatory regime for advanced - therapy medicinal 

and 2), human T - cell lymphocytotrophic virus I 
and II, and hepatitis B, C and D;  
(c)     Variant Creutzfeldt – Jakob (vCJD) assays for 
blood screening, diagnosis and confi rmation. 8

2.     List B: 
(a)     Reagents and reagent products for determin-
ing the following blood groups: anti - Duffy and 
anti - Kidd;  
(b)     Reagents and reagent products for determin-
ing irregular anti - erythrocytic antibodies;  
(c)     Reagents and reagent products for the 
detection and quantifi cation in human samples 
of the following congential infections: rubella, 
toxoplasmosis;  
(d)     Reagents and reagent products for diagnosing 
the following hereditary disease: phenylketonuria;  
(e)     Reagents and reagent products for determin-
ing the following human infections: cytomegalo-
virus, chlamydia;  
(f)     Reagents and reagent products for determin-
ing the following human leucocyte antigen (HLA) 
tissue groups: DR, A, B;  
(g)     Reagents and reagent products for determin-
ing the following tumoral marker: PSA;  
(h)     Reagents and reagent products, including 
software, designed specifi cally for evaluating the 
risk of trisomy 21;  
(i)     The following device for self - diagnosis: device 
for the measurement of blood sugar.      
 One of the following two conformity assessment 

procedures may be followed for devices covered by 
Annex II.
1.     The EC Declaration of Conformity procedure (full 
quality assurance: Annex IV).  
2.     The EC type examination procedure (Annex V) 
coupled with either the EC verifi cation procedure 
(Annex VI) or the EC Declaration of Conformity 
(production quality assurance: Annex VII). The avail-
ability of the different procedures varies according to 
whether the IVD devices fall within List A or List B 
of Annex II.    

 All devices other than those covered by Annex 
II are subject to the EC Declaration of Conformity 
procedure (Annex III), which does not involve the 
intervention of a notifi ed body, but which includes 
supplementary requirements for devices for self -
 testing, which does involve a notifi ed body (Annex III). 

 Common technical specifi cations (CTS) have been 
adopted by the Article 7(1) Committee (a working 

 8      Introduced by Commission Directive 2011/100/EU and 

mandatory from 30 June 2012. 
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2.     Any technical or medical reason in relation to the 
characteristics or performance of a device for the 
reasons referred to above, leading to systematic recall 
of devices of the same type by the manufacturer.    

 Guidance is issued by the European Commission 
on medical device vigilance  [31]  which includes an 
explanation of the diffi cult concept of when a deterio-
ration in state of health should be considered serious:
    •      life - threatening illness;  
   •      permanent impairment of a body function or per-
manent damage to a body structure;  
   •      a condition necessitating medical or surgical inter-
vention to prevent life - threatening illness, permanent 
impairment of a body function or permanent damage 
to a body structure;  
   •      any indirect harm as a consequence of an incorrect 
diagnostic or IVD test results when used within the 
scope of the manufacturer ’ s instructions for use; or  
   •      fetal distress or death or any congenital abnormal-
ity or birth defects.    

 Regulatory data is stored on a European Database 
(Eudamed) on medical devices accessible only to 
competent authorities. This includes data on registra-
tion, certifi cates issued, renewed, modifi ed, sus-
pended or withdrawn or refused and vigilance as well 
as on clinical investigations  [32] .  

General  product  safety Directive 

 Directive 2001/95/EEC 14  imposes GPS obligations on 
producers and distributors (as defi ned) of products 
 ‘ intended for consumers or likely to be used by con-
sumers ’ . The obligations on producers are that they 
must:
1.     Place only safe products on the market.  
2.     Provide consumers with the relevant information 
to enable them to assess the risks inherent in the 
product throughout the normal or reasonable fore-
seeable period of its use, where such risks are not 
immediately obvious without adequate warnings, 
and to take precautions against those risks.  
3.     Adopt measures commensurate with the charac-
teristics of the products which they supply, to enable 
them to be informed of risks that these products 
might present.  
4.     Take appropriate action to avoid these risks 
including, if necessary, withdrawing the product in 
question from the market or recalling it.  

products (ATMPs). 9  The rules have applied to tissue 
engineered products since January 2009 and became 
mandatory from 30 December 2012. A tissue engi-
neered product is one that contains or consists of 
engineered cells or tissues, and is presented as having 
properties for, or is used in or administered to human 
beings with a view to regenerating, repairing or 
replacing a human tissue. 10  Products containing or 
consisting exclusively of non - viable human or animal 
cells and/or tissues, which do not contain any viable 
cells or tissues and which do not act principally 
by pharmacological, immunological or metabolic 
action, are excluded from this defi nition 11  although 
the proposals for revising the MDDs in September 
2012 contain provisions to regulate such products. 

 ATMPs are regulated under the Community ’ s cen-
tralised procedure for medicinal products, subject to 
certain extra requirements, including on traceability, 
labelling, post - authorisation follow - up of effi cacy 
and adverse reactions, and risk management. 12  The 
donation, procurement and testing of human cells or 
tissues is regulated by Directive 2004/23/EC, dis-
cussed above. A medical device that forms part of a 
combined ATMP must also meet the essential require-
ments for medical devices. 13

Adverse  event reporting:  vigilance

 All adverse events with medical devices of which the 
manufacturer becomes aware must be recorded. 
The detailed legal requirements in relation to record-
ing and reporting adverse events for AIMDs were 
aligned with those for medical devices under the 
MDD by the revision of the MDD in 2007. In general, 
a manufacturer of general medical devices should 
report, and a Member State record and evaluate the 
following:
1.     Any malfunction or deterioration in the charac-
teristics and performance of a device, or inadequacy 
in the labeling or instructions for use, that might lead 
to, or have led to, the death of a patient or user or to 
a serious deterioration in their state of health.  

 14      Implemented by the General Product Safety Regulations 

2005, SI 2005/1803. 

 13      Regulation (EC) 1394/2007, Article 6; see Directive 93/42/

EEC or for active implantable medical devices Directive 

90/385/EEC. 

 12      Regulation (EC) 1394/2007, Articles 4 – 15. 

 11      Regulation (EC) 1394/2007, Article 2.1. 

 10      Regulation (EC) 1394/2007, Article 2.1. 

 9      Regulation (EC) 1394/2007. 
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with the proposals for extending the  ‘ new approach ’  
introduced in 2008  [33] .  

Recall

 A manufacturer may have a number of post -
 marketing obligations arising under either the 
medical devices legislation and/or the GPS legisla-
tion, and under product liability or negligence law. 
The precise legal provisions constitute a somewhat 
incomplete matrix, although the UK MHRA has 
issued guidance on the subject of the EU vigilance 
system in the UK which equates recalls with Field 
Safety Corrective Actions which covers in general 
terms the circumstances in which a recall (Field 
Safety Corrective Action) might be appropriate and 
how it should best be implemented  [33] .  

Enforcement and  sanctions

 The MDDs authorise Member States to take enforce-
ment action against medical devices that prove to be 
unsafe. The specifi c powers, offences, sanctions and 
penalties are subject to the discretion of Member 
States. Accordingly, these matters are provided for 
under national legislation and practice. It must be 
remembered that relevant national provisions may be 
found not only within national legislation imple-
menting the relevant MDD, but also in other provi-
sions such as general consumer protection, trade 
descriptions or criminal legislation. Where a Member 
State invokes the  ‘ safeguard clause ’  under a MDD, 
removing a product from the market on grounds of 
safety, a mechanism must be followed under which 
the Commission and other Member States are noti-
fi ed, the position discussed, and a unifi ed approach 
taken by the authorities. 

 Enforcement provisions are generally of two types: 
fi rst, powers to investigate and take action against 
a product and, secondly, offences that may be com-
mitted by individuals, or usually companies, for 
breach of which they may be prosecuted by the 
authorities and subject to criminal sanctions. In the 
UK, for example, the fi rst category of provisions arise 
under the product - specifi c regulations and Part II 
of the Consumer Protection Act 1987. The offences 
are as specifi ed in the product - specifi c regulations 
and again under Part II of the Consumer Protec -
tion Act 1987. There is a considerable variation 
between Member States in the number and wording 

5.     Batch - mark products.  
6.     Immediately notify the competent authorities in 
each Member State in which the product is in circula-
tion if a product placed on the market no longer 
complies with the defi nition of a safe product.  
7.     Inform the competent authorities of actions taken, 
or intended, to prevent risks.  
8.     Collaborate with the authorities on action taken 
to avoid risks.    

 Other obligations apply to distributors of con-
sumer products. The GPS obligations apply in the 
absence of other specifi c rules of Community law 
governing the safety of such products. It is clear that 
the obligations under the MDDs cover most, if not 
all, producers ’  obligations which arise under the GPS 
Directive as set out above. Manufacturers are obliged, 
for example, under MDD Annex II, to undertake to 
their notifi ed body that they will institute and keep 
up to date a systematic procedure to review experi-
ence gained from devices in the post - production 
phase and to implement appropriate means to apply 
any necessary corrective action. This undertaking 
includes an obligation to notify the authorities of 
reportable adverse events. Whatever the strict legal 
position on whether GPS obligations do or do not 
apply to medical device manufacturers, their general 
principles should be followed as a matter of prudence 
and for product liability reasons. 

 As the MDDs have not regulated the activities of 
distributors, the activities of the latter, in relation to 
medical devices which are also consumer products, 
are regulated by GPS. Under GPS, distributors are 
required to:
    •      act with due care to help ensure compliance with 
applicable safety requirements;  
   •      not supply products which they know, or should 
have known (as supply chain professionals) on the 
basis of information in their position, do not comply 
with applicable safety requirements;  
   •      participate in monitoring safety, particularly by 
passing on safety information and keeping and pro-
viding traceability documentation;  
   •      cooperate in safety actions undertaken by manufac-
turers or authorities;  
   •      take measures, within the limits of their respective 
activities, to enable them to cooperate effi ciently; and  
   •      immediately notify the authorities of unsafe prod-
ucts they have placed on the market.    
 Under the proposals to revise the MDDs issued in 
September 2012 importers into the European Union 
and distributors within the European Union are likely 
to be directly regulated by the new legislation, in line 
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of criminal offences that may be committed and in 
the penalties that might be imposed and the persons 
or entities against whom enforcement action may be 
directed. Different national agencies have different 
practices on what action they may take when faced 
with dangerous products. The UK MHRA, for ex -
ample, operates a practice of issuing Medical Device 
Alerts as a result of assessing a manufacturer ’ s Field 
Safety Correction Action and/or Field Safety Notice 
(to be issued under the European Commission ’ s vigi-
lance system). The latter is required where informa-
tion indicates an unacceptable increase in risk posed 
by a medical device which has been distributed into 
the supply chain. These Medical Device Alerts are 
then distributed via the central alerting system within 
the health system.  
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Introduction 

 The development of paediatrics as a speciality in its 
own right has been established for over 100 years. 
Health care professionals working in this fi eld are 
aware that children are not small adults but with 
regard to developing correct dosages of medicines for 
children, and especially neonates, the doses have 
often been  ‘ down ’  calculated from the adult dosage by 
body weight and specifi c toxicity not identifi ed. This 
has led to toxic overdosing in the past and adminis-
tration of products that were toxic for children while 
safe in adults. For example, in the 1950s, chloram-
phenicol was given to newborn infants at a dosage of 
100 – 200   mg/kg/day, which led to cardiovascular col-
lapse (grey baby syndrome). Following evidence 
regarding the physiologically immature activity of 
glucuronyl - transferase in the liver, the dose was then 
adjusted to 25   mg/kg/day. 

 With evolving techniques in paediatrics and 
neonatology, more neonates and children are surviv-
ing severe illnesses, yet up to 50 – 90% of prescribed 
medicines are not approved for use in various age 
groups of children.  

Case study

 To illustrate the problems faced daily by clinicians, 
imagine the case of Lucy (fi ctitious name and history; 
Figure  22.1 ). Lucy was born prematurely at 26 weeks ’  
gestation (thus, 14 weeks too early). After birth, a neo-
natal team took care of her. One immediate problem 
was her immature lungs, for which an endotracheal 
tube was passed and through which surfactant could 
be applied to relieve her respiratory distress syndrome 
and improve oxygen delivery. Altogether she received 
11 medicines on her fi rst day of life. Of these only four 
were licensed for use in premature infants in the UK: 

vitamin K, surfactant, benzylpenicillin and gentamy-
cin. All remaining seven medicines had either no 
licence or were used off - label. Would one accept such 
a situation for one ’ s own treatment?    

Paediatric  population in the 
European  Union

 The European Union (EU) consists of currently 27 
Member States, with several more countries waiting to 
join. About 20% of the EU population is aged less than 
18 years, which equates to 100 million children. These 
children need to be divided into groups by age and 
maturity: preterm neonate; term neonate; infant; 
child; and adolescent. At each developmental stage, 
the body system will react differently to administered 
medicines because of different physiology, maturation 
and needs. Gender differences might also have a role, 
especially around puberty, but not much attention was 
paid to this possibility in the past. A shift towards early 
onset of puberty in girls in particular has to be taken 
into account in future studies of the effi cacy and safety 

Figure 22.1     Preterm baby.  Reproduced with permission 

from John Wiley .  
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persisting differences from older children and adults. 
As a consequence, there are different normal values for 
each age or maturation group. Similarly, gut absorp-
tion varies according to age and maturity. The skin 
barrier is more permeable, especially in newborns, 
which can lead to increased absorption of medicines 
applied locally; this may offer an alternative route of 
administration for medicines. Liver function is imma-
ture, even in full - term neonates, as evidenced by the 
common occurrence of neonatal jaundice. Jaundice 
is caused by hyperbilirubinaemia secondary to the 
immature action of uridine diphosphate - glucuronyl 
transferase in the endoplasmatic reticulum.   

 Any such maturation effect and variation will have 
an impact on the absorption and distribution of 
medicines into the body, as well as metabolism 
and excretion. Pharmacogenetics, pharmacokinetics 
and pharmacodynamics according to age, weight and 
maturity should be taken into account when design-
ing studies of new or approved medicinal products in 
children, especially the youngest ones. 

 More information is needed not only on the phar-
macokinetics and pharmacodynamics of medicines, 
in particular in preterm and term neonates, but also 
on gender differences. Meticulous attention by the 

of medicines. In addition, the European population is 
a mix of races and genetic backgrounds and there are 
genetic differences between children across the EU, as 
in adults. These differences are relevant to both the 
pharmacokinetics and pharmacodynamics of medi-
cines; this adds to the complexity of studying medi-
cines especially as their development is global. 

  Special  p aediatric  p hysiology 
 With respect to normal and abnormal physiological 
processes, preterm and term infants, children and ado-
lescents display wide variations in body characteris-
tics, organ functions, maturation and pharmacological 
responses. For example, the percentage of total body 
water and extracellular fl uid volume decreases signifi -
cantly from the preterm infant to the adult, while the 
body fat content increases (Figure  22.2 ). After birth, 
changes take place as the body organs take up many 
functions that were previously supported by the pla-
centa. For example, in preterm infants and term 
neonates, renal function differs from the adult because 
of immaturity. There are fewer receptors (e.g. sodium –
 hydrogen exchanger, antidiuretic hormone) leading to 
comparatively increased water and electrolyte losses. 
As the infant matures, so does renal function, but with 

     Figure 22.2     Comparison of body composition in premature infants, full term infants, children and adults.  
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develop. In particular, clinical trials are extremely dif-
fi cult to perform and are therefore expensive to 
produce. The market is small compared with that for 
common diseases, and the return on investment is low. 

 A second category of diseases includes the  ‘ ne -
glected ’  diseases. These might be common diseases 
that are ignored (such as tuberculosis, cholera, ty -
phoid, Chagas disease or malaria) because they are 
only prevalent in low - income countries with little 
prospect of a commercial market. Lately, there have 
been recurrences of some of these diseases (diphthe-
ria, poliomyelitis, tuberculosis) with the increased 
mobility of people, and because of co - infection in 
patients with HIV - AIDS infections. 

 In 1983, the US Orphan Drug Act offered tax 
incentives, grants for clinical trials and 7 years of 
marketing exclusivity after approval for medicines 
developed and designated as orphans in the USA. 
Since then, more than 200 orphan medicines have 
been approved by the US Food and Drug Administra-
tion (FDA). Similar legislation has been subsequently 
adopted in Japan and Australia. In 2000, the EU 
adopted an  ‘ orphan medicinal products ’  legislation 
modelled on US law (Regulation (EC) No 141/2000 
on orphan medicinal products). Orphan designations 
in Europe are evaluated at the European Medicines 
Agency (EMA), but the European Commission issue 
the Decisions, which are recorded in the EU Register 
of orphan medicines. Orphan designation can be 
granted to medicines intended to treat, diagnose or 
prevent tropical diseases, or other disorders prevalent 
mostly in the developing world, provided that the 
disease prevalence in the EU does not exceed 5 per 
10,000 people. The EU Regulation provides for 10 
years of market exclusivity, protocol assistance and 
fee reductions, but no tax incentives as taxes remain 
under national responsibility in the EU.   

New paediatric medicines
Regulation

History of legislative initiative
 Following long - standing complaints by paediatri-
cians and paediatric pharmacologists that medicines 
intended for children were neither studied nor 
assessed and therefore not available with appropriate 
formulations and pharmaceutical forms, the Euro-
pean Commission (EC) set up a round table discus-
sion on this topic, which took place at the EMA in 
December 1997. This happened at the time the US 
FDA introduced the Best Pharmaceuticals Act for 
Children and the Pediatric Rule (November 1997) as 

prescriber is needed to all aspects of the metabolism of 
medicines, including possible adverse events and 
unexpected reactions in children. Any such event 
should be recorded and reported to the authorities (to 
the European Eudravigilance database), especially if 
unexpected; quite often these will only be discovered 
once the medicine is marketed and available for adults.  

Long-term effects of medicines
 One major difference with the use of medicines in 
children, and therefore in study endpoints, is the need 
to measure the long - term consequences taking into 
consideration children ’ s much longer life expectancy, 
not only of newly born children, but also of older chil-
dren compared with adults; the latter being enrolled in 
trials at the age of 50 or 60 years. There are currently 
very few data on the long - term effects of medicines 
that have been administered to newborn infants as part 
of research or care. Limited data are emerging from 
studies in children with cancer or leukaemia who have 
been treated as young children and are now between 20 
and 30 years old  [1,2] . The effect of medicines given in 
early infancy or childhood might be very diffi cult to 
study as individuals are also exposed to a multitude of 
environmental factors that may contribute to the 
development of illnesses in later life. However, pro-
spective long - term follow - up trials should be part of 
the standard requirements for the development of 
paediatric medicines, so that confounding factors can 
be accounted for. In particular, valuable evidence 
might be obtained in multicentre multinational trials 
or registers with large patient cohorts.  

Orphan  diseases
 An orphan disease is a disease that has not been 
 ‘ adopted ’  by the pharmaceutical industry because, due 
to its rarity, it provides little fi nancial incentive for the 
private sector to develop and market new medicines to 
treat, diagnose or prevent the disease. An orphan 
disease is a rare disease, defi ned by the number of 
people affected in a population. The EU criterion is a 
rare disease that affects no more than 5 in 10,000 
people; in the USA, a rare disease affects fewer than 
200,000 people. There are probably more than 7000 
such rare disorders. As children represent a small pro-
portion of the population in high income countries 
(around 20%), whereas they represent up to 50% in 
low – middle income countries, many paediatric dis-
eases are considered orphan diseases in the EU or in 
the USA. In the paediatric population, rare diseases are 
often inborn errors of metabolism, for which life - long 
treatment may be necessary. Medicines for rare dis-
eases, including metabolic diseases, are diffi cult to 
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research into off - patent medicines. The Regulation 
tasked the EMA with the setting up of a network 
of all existing networks and centres of paediatric 
research (Enpr - EMA).  
2.     Information:     The Regulation provided the basis 
for transparency of clinical trials performed in chil-
dren, and required publishing information on both 
protocols and results of clinical trials. It required 
pharmaceutical companies to submit all studies and 
trials that already existed to be assessed by authorities 
and published by EMA. It also made it mandatory to 
submit results of all new paediatric trials of author-
ised medicines within 6 months. It required that a 
survey of all paediatric uses of medicines be per-
formed to underpin priorities for the development of 
paediatric medicines. In order to have proper safety 
information, the Regulation reinforced pharmacovig-
ilance and risk management plans for paediatric 
medicines. In addition, Opinions on Paediatric Inves-
tigation Plans (PIPs) and waivers are published as 
soon as adopted, including those for currently unau-
thorised medicines.  
3.     By introducing the requirement for PIPs, compli-
ance and rewards, and the new Paediatric Use 
Marketing Authorisation (PUMA), the Regulation 
created the basis for increased availability of pae-
diatric medicines (including age - appropriate forms) 
that are well studied, assessed and authorised for all 
age groups.    

 All new medicines (and patented medicines) 
should be studied by the industry unless there is evi-
dence that the medicine is unsafe, ineffective, does 
not meet paediatric needs or that the disease it 
intends to treat only occurs in adults. To compensate 
for the fi nancial burden of developing medicines 
in children, and provided there is compliance with 
the development agreed by the EMA Paediatric 
Committee, companies may be rewarded by an exten-
sion of the patent protection, under the form of an 
extension of the Supplementary Protection Certifi -
cate (SPC), by 6 months. 

 In order to achieve the goals of the Regulation, and 
taking into consideration the fact that medicines are 
developed globally, the need for coordinated efforts 
at European and international level has become 
obvious. In particular, avoiding repeating unneces-
sary studies for approval of medicines by different 
regulatory bodies such as the FDA and EMA is con-
sidered a priority and relies on regular interactions 
between regulators. 

 The Regulation also required that the necessary 
paediatric studies should be of high quality and 

part of the Food and Drug Administration Moderni-
zation Act mandated by the US Congress. 

 The round table conclusions were that legislation 
was needed. A 10 - year process followed in Europe. 
The fi rst step was the adoption of an EU Council 
resolution in December 2000. The resolution re -
quested a legislative initiative from the EC. Between 
November 2001 and January 2004, a formal extensive 
consultation of EU Member States and of stakehold-
ers took place. In addition, the EC published an 
extended impact assessment of a draft Regulation as 
part of the  ‘ Better Regulation for Europe ’  initiative in 
2003 – 2004. 

 The fi rst draft of a Regulation was adopted formally 
by the EU Commissioners in September 2004. As part 
of the co - decision procedure (between the European 
Parliament and the Council), the fi rst reading took 
place in the European Parliament in April 2005, fol-
lowed by a vote in September 2005. The EU Council 
reviewed the proposal in parallel. The second reading 
took place in 2006 and led to the adoption of a signifi -
cantly amended Regulation in the second quarter of 
2006. The adopted Regulation was published on 26 
December 2006 (Regulation (EC) No 901/2006), and 
its entry into force was on 26 January 2007, with a stag-
gered implementation  [3] . The Regulation was imme-
diately amended by Regulation (EC) No 1902/2006 
due to changes in the regulatory rules of the EU.   

Aims and objectives of 
the Regulation

 The major aims of the paediatric Regulation are to 
improve the health of children by stimulating high 
quality ethical research into medicines for use in chil-
dren. Through research, the availability of authorised 
medicines for children and the information about 
them should be increased. These goals need to be 
achieved without delaying the authorisation of new 
medicines to the adult population and without sub-
mitting children to unnecessary studies. It is expected 
that this should lead to a reduction in unlicensed or 
off - label uses of medicines in children, especially in 
neonates. 

 Overall, the paediatric Regulation introduced a 
number of sweeping changes to the way medicines 
used to be developed. These changes can be presented 
according to the three main objectives of research, 
information and availability of paediatric medicines.
1.     Research:     The Regulation created the basis for 
funding by the EU Framework Programmes of 
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atric Committee (PDCO), established in July 2007. 
This committee consists of fi ve members from the 
EMA Committee for Medicinal Products for Human 
Use (CHMP), and one expert per Member State not 
represented through the CHMP, three representatives 
of patient or parent groups, three representatives of 
health care professionals, and two members repre-
senting Norway and Iceland. Each Member has an 
alternate (Figure  22.3 ). The PDCO has a key role in 
approving PIPs or waivers. The competencies that 
must be present in the committee are defi ned in the 
legislation and include, among many others, ethics, 
paediatric medicines and formulations. The Paediat-
ric Committee is comprised of about half of aca-
demic members and half of members of competent 
authorities with paediatric expertise (Figure  22.4 ).   

ethical, performed according to the principles laid 
out in the Good Clinical Practice (GCP) Guidelines. 
The legal framework for these had been laid in the 
Clinical Trials Directive (2001/20/EC)  [4]  supported 
by ICH guidelines, in particular E11 (on paediatric 
medicines) and E6 (on GCP)  [5] . The ethical princi-
ples are those of the Declaration of Helsinki (with its 
updates). By request from the European Parliament, 
detailed EU recommendations on the ethics of clini-
cal trials in children were published  [6] . 

  Expert  A dvisory  C ommittee: 
Paediatric  C ommittee 
 The previously established Paediatric Expert Group 
and Paediatric Working Party hosted by the EMA has 
been replaced by an advisory committee, the Paedi-

     Figure 22.3     Content of a paediatric 

investigation plan (PIP) or waiver 

application.  

• Section A: Regulatory information in the adult condition/indication
• Section B : Targeted condition(s) in children - Paediatric needs

• General pharmacology
• Clinical needsby age subsets 
• Significant Therapeutic Benefit of the medicines

• Section C : Waiver request
• Section D: Summary of existing data and proposed Development plan

• Quality aspects (formulation and pharmaceutical form)
• Non-clinical aspects (juvenile animal data, reprotoxicity)
• Clinical Efficacy and Safety, Extrapolation

• Section E: Timelines, and deferral request

     Figure 22.4     Paediatric Committee.  
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    •      the likelihood that the medicinal product will be 
unsafe or ineffective in children;  
   •      the disease or condition only occurs in adults; or  
   •      the medicinal product is not of signifi cant thera-
peutic benefi t. Signifi cant therapeutic benefi t is un -
derstood as the medicinal product meets paediatric 
needs.    

 Deferrals are granted to the majority of new medi-
cines because of uncertainty on their safety at the 
time of submission. Deferrals may be granted for the 
initiation and/or the completion of a trial. Generally, 
trials in the youngest age groups are only to be 
performed after data in older children have been 
obtained; although this is based on a desire to protect 
the most vulnerable subsets, this approach may lead 
to very long delays before information in preterm and 
term neonates is available. 

 Once the medicine is approved for adults, in case 
of deferral of paediatric studies, the marketing au -
thorisation holder has to inform the Paediatric Com-
mittee every year on the continuing development of 
the medicine in children. 

 Once the medicine is approved, its Summary of 
Product Characteristics will mention whether the 
product benefi ted from a deferral or a waiver, in addi-
tion to any paediatric information of relevance to the 
prescriber. 

 For authorised medicines, according to Article 8 of 
the Regulation, the requirement to hold a PIP or a 
waiver decision only applies to medicines that are still 
protected by an SPC or a patent that qualifi es for an 
SPC. The SPC does not need to have been granted, 
and an SPC in one Member State only is enough to 
consider the medicinal product as patented.  

Paediatric  investigation plans and waivers 
 The procedure is explained on the EMA website  [7]  
and is managed entirely electronically. A pre -
 submission teleconference can be requested from the 
EMA. It is recommended to submit a letter of intent 
to fi le an application at least 2 months in advance, 
which allows identifying a rapporteur and generally 
one or sometimes two peer - reviewers from the Pae-
diatric Committee, as well as a paediatric coordinator 
from the EMA secretariat. The paediatric coordinator 
will be the primary contact point during the proce-
dure. An electronic application form must be fi lled 
in, detailing the elements necessary for the committee 
to assess the plan. 

 The application must be submitted to the EMA 
exclusively by secure transmission (Eudralink) or by 

 The PDCO is a source of paediatric expertise for 
all EMA committees and may contribute to the evalu-
ation of marketing authorisation applications on 
request from the CHMP, which remains responsible 
for the approval of medicines at EMA. 

 The PDCO is also the Scientifi c Committee of 
Enpr - EMA.  

Changes applying to industry
 Since July 2008 in the EU, marketing authorisation 
submissions for medicines (meaning all chemicals, 
biologicals and vaccines, including gene and cell 
therapy, and tissue engineered medicines) are only 
validated if they incorporate either an EMA Decision 
on an approved PIP, or on a waiver. This applies to all 
new medicines, regardless of whether the pharmaceu-
tical company intended to develop them only for 
adults (Article 7), and since January 2009 to approved 
medicines that are still patented, when the marketing 
authorisation holder applies for a new pharmaceuti-
cal form, a new indication and/or a new route of 
administration (Article 8). These requirements apply 
regardless of the proposed authorisation procedure 
(national or centralised). 

 A proposal for the development of a new medicine 
should be submitted early to the EMA ( http://www.
ema.europa.eu/ema/index.jsp?curl = pages/regulation/
general/general_content_000414.jsp & mid = WC0b01
ac0580025b8d ), i.e. by end of phase I in adults. The 
PIP proposed or the waiver request will be thor-
oughly reviewed by the Paediatric Committee in 
order to identify paediatric needs (in children from 
birth to 18 years old), to determine the best possible 
non - clinical and clinical development, including the 
need for age - appropriate formulation and pharma-
ceutical forms, and will include the timelines of 
paediatric development. Simultaneously, the Paediat-
ric Committee will strive to avoid any unnecessary 
studies in children by using modelling and simulation 
for example, or extrapolation of data from older age 
groups where appropriate. In order not to delay the 
approval of medicines for use in adults, and for safety 
reasons, the timelines of trials in children can be 
deferred only until approval in adults. 

 A waiver can be granted for all subsets of the pae-
diatric population or for only some (partial waiver). 
In all cases, all subsets from birth to 18 years of age 
have to be covered by either a PIP or a waiver. The 
grounds for waivers are listed in Article 11 of the 
Regulation and include the following:
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procedure lasts for 30 days and involves a new rap-
porteur and peer - reviewer; the paediatric coordina-
tor remains the same. The re - examination procedure 
leads to a fi nal Opinion. 

 Once adopted, the fi nal Opinions of the Paediatric 
Committee, be they positive or negative, are trans-
formed within 10 days into EMA decisions signed by 
the Executive Director and published on the EMA 
website in a summarised form. 

 The Opinion will cover all subsets of the paediatric 
population through a combination of PIP and/or 
waivers. It will list the key elements that are binding 
on pharmaceutical companies and on which compli-
ance will be judged. 

Waivers of  conditions or products ( class waivers) 
 In order to simplify the procedure, the Paediatric 
Committee can issue the  ‘ class waivers ’  where for 
example a disease only occurs in adults (e.g. prostate 
cancer). Some classes of medicinal products have 
been waived for safety reasons (e.g. all glitazones in 
type 2 diabetes).  

Modifi cations of  agreed  Paediatric
Investigation Plans
 Once agreed, a plan can be modifi ed on request 
from the PIP addressee if the plan is no longer appro-
priate, or if there are diffi culties in performing the 
required studies. A modifi cation procedure lasts 
60 days without clock - stop. Most modifi cations are 
requested to extend timelines to perform the paedi-
atric trials.  

Compliance procedure 
 Marketing authorisations or variation/line extension 
applications can only be validated by competent 
authorities if they include the results of trials 
performed in compliance with an agreed PIP, a deci-
sion on a waiver, or a deferral. 

 Interim checks of compliance are performed when 
applications are made either at the EMA or at national 
level and focuses on the condition applied for. Time-
lines are checked and the key elements for all studies 
that should have been completed at the time of appli-
cation for marketing authorisation or variation/line 
extension.  

Final compliance
 Once the PIP is completed, the applicant can submit 
a request for an Opinion on compliance to the 

sending a DVD to the EMA. There is no national PIP 
or waiver procedure. The application form is entered 
directly into a database that manages both the proce-
dural aspects (timelines, draft documents) and the 
scientifi c data allowing for data mining. 

 Once submitted, the application will undergo vali-
dation by the EMA paediatric coordinator within 30 
days. During validation, both administrative ele-
ments and scientifi c data may be requested from the 
applicant (with a clock - stop), but the evaluation itself 
will be performed by the Paediatric Committee 
during the main procedure. 

 The paediatric coordinator drafts the fi rst summary 
report of the application during the validation phase. 
Once validated, the PIP or waiver requests will enter 
the fi rst 60 - day phase of the procedure. The rappor-
teur and the peer - reviewer will successively present 
their independent evaluations in the summary report. 
The fi rst discussion by the Paediatric Committee will 
take place at day 30 of the procedure. The committee 
members with specifi c expertise and the different 
working groups may also contribute to the summary 
report between day 30 and day 60. 

 In the case of waiver requests, there are sometimes 
requests for supplementary information during the 
60 days of the procedure, but at day 60 the committee 
issues an opinion, positive or negative, on the waiver 
request. 

 In the case of PIP requests, at day 60, the commit-
tee in most cases issues a Request for Modifi cation of 
the PIP, indicating which type of studies they con-
sider necessary to include, to modify or to delete from 
the proposal. The Request for Modifi cation is sent to 
the applicant and a clock - stop of up to 3 months 
starts during which the applicant will revise its pro-
posal. To help applicants at this stage, a dedicated 
explanatory teleconference with the rapporteur, peer -
 reviewer and paediatric coordinator is organised by 
the EMA. 

 Once the applicant ’ s revised proposal is received 
(day 61), the second 60 - day phase of the procedure 
starts with a similar process (sequential contributions 
and discussion at day 90 at the Paediatric Commit-
tee). In case of negative outcome, the applicant is 
invited for an oral explanation at day 120 and the 
committee Opinion is then adopted. 

 The Opinion is sent to the applicant, who has 30 
days to ask for re - examination. In order to speed up 
the process, an applicant may waive the right to re -
 examination. Applicants may ask for re - examination 
of positive and negative opinions. The re - examination 
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created to incentivise the development of medicines 
that are devoid of commercial interest. It is hoped 
that it will stimulate the approval of medicines 
already used off - label or unlicensed in children. 

 The focus of PUMAs is on providing age -
 appropriate formulations and pharmaceutical forms. 
A PIP covering all relevant age subsets has to be 
agreed and compliance is necessary. 

 Based on the fi rst years of experience, there have 
been few applications for PIPs for PUMAs and only 
one has been approved as of December 2011. There 
are multiple reasons for this disappointing result: lack 
of interest of academia to study extensively used 
medicines, exhaustive requirements of the PIP which 
still needs to cover all subsets of children, weak pro-
tection conferred by data exclusivity, and lack of 
interest of commercial partners in particular generic 
manufacturers who could have been the main stake-
holders. The funding of research into off - patent 
medicines by the European Commission is expected 
to generate future PUMA applications.   

Other tasks of the European 
Medicines Agency

 The EMA has a key role in the implementation of the 
paediatric Regulation. The Paediatric Medicines in 
the Special Areas Sector co - ordinates the work of the 
PDCO, communicates with the European Commis-
sion, in particular the Directorate General for Health 
and Consumers, and that of Research. There are 
extensive interactions with international partners 
as medicine development is performed on a global 
scale. The EMA holds monthly teleconferences with 
the US FDA. The Japanese and Canadian authori -
ties are now part of these teleconferences. There 
are multiple interactions with various stakeholders, 
the pharmaceutical industry, the US National In -
stitutes of Health, national and international pae-
diatric expert societies and parent and patient 
representatives associations (Figure  22.5 ). The EMA 
also works closely with the World Health Organiza-
tion on its initiative  ‘ Making Medicines Child Size ’ , 
and currently chairs the Network of Regulatory 
Authorities for paediatric medicines (Paediatric Med-
icines Regulatory Net work) created in 2009. The goal 
of this coordination is to work towards harmonised 
or compatible medicine development, acknowledg-
ing diffi culties or divergences between regulatory 
approaches and thus avoiding repeating studies in 
children.   

Paediatric Committee. Compliance can also be 
checked by competent authorities, i.e. the Reference 
Member State in case of decentralised or mutual rec-
ognition procedures, but an Opinion can only be 
issued by the PDCO.  

Rewards and  incentives
 The study of medicines in children will increase 
the cost of development. As a reward for comply -
ing with the requirements of the Regulation, addi-
tional protection against generic competition may be 
granted. 

 For new and patented products, if the studies have 
been performed in compliance with the agreed PIP, if 
all results have been included in the product informa-
tion and if the product is authorised in all EU 
Member States, the company is entitled to an exten-
sion of the SPC by 6 months. 

 The SPC is a variable extension by up to 5 years 
of the patent granted to some medicines due to the 
length of development of medicines compared with 
other industrial products. The standard length of 
patent protection is 20 years, but the effective pro-
tection once the product is on the market is closer 
to 10 years. SPCs can be granted when the devel-
opment has been lengthier than usual. SPCs are 
granted by Patent Offi ces at national level, are not 
harmonised and may differ in length. Paediatric 
extensions can only be granted if an SPC has effec-
tively been granted, and have to be requested from 
each national Patent Offi ce. 

 The increase of costs incurred during paediatric 
development may be well compensated for large 
innovative pharmaceutical companies but might be 
more diffi cult for smaller companies. Whether the 
new legislation will have negative effects for such 
smaller enterprises is a concern. 

 In the case of off - patent medicines, the Regulation 
has introduced incentives for development by creat-
ing a new type of marketing authorisation (PUMA) 
benefi ting from fee reductions on applications, direct 
access to the centralised procedure and additional 
intellectual property protection through 10 - year 
market exclusivity (including 8 years of data protec-
tion). However, the protection granted does not 
encompass the formulation and this weakens the 
incentive.   

New regulatory procedure: Paediatric  use
marketing authorization
 The new type of marketing authorisation related to 
off - patent paediatric medicines, the PUMA, has been 
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since March 2011 and will soon provide results -
 related information. This is to include the basic data 
on study title, contact details, participating centre/
countries, disease studied, age and sex of study sub-
jects, aim of study, inclusion and exclusion criteria, 
name of study medicine and type of trial (e.g. thera-
peutic effi cacy, pharmacokinetics, dose fi nding, 
safety, toxicity). Currently, a number of databases 
exist, for example  www.dec - net.org   [9 – 12] , but regis-
tration is voluntary and the databases are not 
exhaustive. 

 Most medical journals have now decided on a 
policy whereby they will only consider a manuscript 
on a medicines trial for review if this trial had been 
registered on one of the databases (ICMJE). Unfor-
tunately, this policy is not fully implemented.  

  Networks 
 It is anticipated that a number of studies can only be 
performed successfully with recruitment rates over a 
reasonable time period, if they are performed within 
national or international study networks and consor-
tia. The European and US paediatric expert societies 
have a major role in initiating and coordinating study 
networks in their expert fi eld (e.g. neonatology or 
paediatric oncology). Specifi c emphasis lies in incor-
porating new EU Member States and associated 
countries into the expert networks. 

 In addition to the speciality networks, several EU 
Member States have functioning paediatric net -
works. This was already the case for PAED - NET 
in Germany  [13] . Other Member States have since 

 Details about the framework, regulations, proce-
dures and ongoing activities can be found on the 
EMA ’ s website  [7] . Together with expert societies, the 
EMA has drawn up guidelines or brought together 
experts about medicine trials in children. The Paedi-
atric Committee has developed a guideline on neo-
natal medicines development, which has taken into 
consideration the unique needs of this vulnerable 
subset with regard to organ function, maturation and 
disease areas, including attention to variations in 
pharmacogenetics and pharmacodynamics. 

 More recently, the Paediatric Committee in col-
laboration with stakeholders has issued both a list of 
paediatric needs for any new or old medicines and a 
priority list of off - label use of off - patent medicines 
which should be studied urgently. As the patent on 
these medicines has expired, there is a lack of com-
mercial interest in medicines development and 
funding is available in the EU and the USA for such 
studies  [8] . 

      EU   R egister of  c linical  t rials 
 In the EU the Clinical Trials Directive created a man-
datory database (EudraCT) of all clinical trials with 
at least one site in the European Economic Area but 
access was restricted to Member States and informa-
tion was not available to the public. Transparency of 
paediatric medicine trials is essential to avoid repeat-
ing studies unnecessarily. The paediatric Regulation 
required that paediatric trials from the database be 
published. The EU clinical trials register now pro-
vides information on protocol - related information 

     Figure 22.5     Stakeholders. EFGCP, European Forum for Good Clinical Practice; EMA, European Medicines Agency; PUMA, 

Paediatric Use Marketing Authorisation.  
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from the USA shows that a positive motivation from 
industry is paramount. Instead of excluding children 
from research, including them provides the necessary 
sound evidence about the safety and effi cacy of 
medicinal products use in this population. Therefore, 
obtaining proper scientifi c evidence is ethically 
justifi ed. 

 Special attention has been given to the question of 
how informed consent by parents (or legal repre-
sentatives) and assent by the child should be requested 
and obtained. It is generally accepted that even young 
children can understand the purpose of a medicine 
study if this is explained in an age - appropriate 
way. The children often gain signifi cant knowledge 
and understanding as they go through treatment 
for an illness, especially chronic conditions. Age -
 appropriate information should be given by an 
experienced health professional with a paediatric 
background. Pictures, simple drawings or cartoons, 
videos and other means of communication, such as 
leafl ets in simple language, can support the provision 
of information to children. Children have the right to 
be informed about their treatment, especially as 
certain medicines might have life - long consequences. 
The same ethical principles apply to paediatric as to 
adult research: autonomy, distributive justice and 
non - malevolence. However, children belong to vul-
nerable populations in respect of clinical trials, and 
therefore additional protection is required. 

 The EMA has contributed to EU guidance on 
ethical aspects with regard to medicine trials  [6] . 
The guidance specifi cally outlines the rights of chil-
dren, the balance of risks and benefi ts of a trial, and 
the ages at which assent can be sought. Although 
adolescents are not legally independent, their agree-
ment to participate in a trial is indispensable. This 
may raise issues in particular in cases of confl ict, 
where for example the parents or legal guardian of an 
adolescent would not give consent while the adoles-
cent would agree to participate. National legal provi-
sions on consent and assent vary in different EU 
countries and this may also be a hurdle in multina-
tional trials. 

Ethics committees in the European  Union
 All studies of medicinal products have to be reviewed 
and agreed by either a national or local ethics com-
mittee. In the case of multicentre or multinational 
studies this can be a lengthy process. A single national 
ethics opinion is suffi cient, but application to each 
Member State is necessary. 

initiated national networks such as the Medicine for 
Children Research Network in the UK, which has 
been divided into regional sub - networks by geo-
graphical area or by speciality (e.g. neonatology)  [14] . 
These networks are now part of the overarching EMA 
network of paediatric research networks (Enpr -
 EMA) which was to be created by the EMA according 
to the paediatric Regulation. Expert societies have 
been supporting the EMA in its role. They also 
support the aims of the Regulation by informing the 
public and especially children about the purpose and 
need for studying new and existing medicines. This 
can be achieved by visiting school programmes, chil-
dren ’ s focus groups and workshops or other public 
meetings, which are currently tested in Germany and 
England for example. The Regulation will only be 
successful if studies are initiated and recruited. This 
involves the enthusiasm and engagement of health 
professionals, who are prepared to take up the extra 
work without extra remuneration. 

 Enpr - EMA has now been established and includes 
more than 16 networks that fulfi l quality criteria. 
More networks are close to meeting criteria and will 
join soon. In order to allow network to collaborate, it 
was felt important to establish standards of paediatric 
quality research. These criteria were developed by the 
networks themselves and are reported following a 
self - assessment process. The objectives of Enpr - EMA 
are to stimulate research into paediatric medicines by 
encouraging international and cross - network col-
laboration and facilitating recruitment.    

Ethical aspects of studies in children 

 In the past, children have been excluded from medi-
cines trials with a view to protecting them from harm. 
It was even said that paediatric trials might be unethi-
cal. Clinical trials in children are more diffi cult and 
complex to perform than in adults, they take longer 
as recruitment is slower and more diffi cult, and trials 
costs are higher for all these reasons. Most studies 
of medicinal products were performed by industry 
in young adults, rather than children or even ne -
onates. However, recent publications demonstrate 
that studies are not impossible in children. Parents do 
give consent for their child to participate even in the 
very young age groups. Children involved in research 
are actually better monitored for safety and therefore 
protected from harm. In addition, the experience 
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products to be licensed for use in children and adults 
at the same time. In future this will provide sound 
evidence for the health care professionals who are 
prescribing the medicine, as well as for the patients 
and their carers about the safety and effi cacy of the 
new medicine. For the currently off - label or unli-
censed medicines used in children, extra government 
or central European funding will be needed in order 
to get these medicines into a licensed status. There are 
still many questions to be solved with regard to 
funding, ethical reviews of studies, quality assurance, 
training for health care professionals involved in trials 
and adequate rapid distribution of knowledge. A key 
area will be multinational cooperation with countries 
outside the EU so that unnecessary repetition of 
studies can be avoided and medicines can be approved 
quickly. It is very important that all stakeholders 
including industry work together closely to achieve 
these goals. The information on the topic is con-
stantly changing and being updated so it is recom-
mended that the interested reader refer to the websites 
provided in the reference list.  
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 The ethics working group of the European Forum 
for Good Clinical Practice have published a struc-
tured report  The Procedure for the Ethical review of 
Protocols for Clinical Research Projects in the European 
Union   [15] , which shows that there is quite a varia-
tion in how ethics committees are set up, their mem-
bership and structure, and their code of practice. The 
report revealed that there were a number of areas 
where further work is needed, for example training 
of paediatric research ethics committees, quality 
assurance and handling of safety reports, specifi cally 
on suspected unexpected serious adverse reactions. 
Several workshops have been held throughout Europe 
in order to bring ethics committees and stakeholders 
together. The work is part of the ongoing legislative 
review of the Clinical Trial Directive 2001/20/EC (see 
Chapter  20 ). 

 Streamlining the ethics review process would cer-
tainly help speed up the studies on medicinal prod-
ucts in children, removing one of the hurdles across 
countries. 

Submission of results under  Article 45 
 As part of the transparency measures of the pae-
diatric Regulation, pharmaceutical companies have 
been requested to submit medicines trial results 
and publications not previously submitted to regula-
tory authorities. This was done for about 80 centrally 
approved medicines and resulted in an update of the 
product information in some cases. For nationally 
approved medicines, the work has proved to be quite 
extensive. In fact, data have been received on about 
1000 active substances and these are currently under-
going assessment by the Member States in a work -
 sharing exercise. The data are being made public by 
the EMA, and later will be part of the EU clinical trials 
register. More information can be found on the 
EMA or the Head of Medicines Agencies website 
( www.hma.eu ).  

Submission of results under  Article 46 
 Similar to Article 45, Article 46 requires submission 
of results within 6 months of completion of the trial 
for approved medicines. Results will be made public 
through the EU clinical trial register.    

Summary and outlook

 The new regulation on the use of medicinal products 
in children provides a unique opportunity for the 
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23   Technical  r equirements for  r egistration 
of  p harmaceuticals for  h uman  u se: 
The  ICH   p rocess  

Dean W.G. Harron 
  School of Pharmacy, Queens University, Belfast, Northern Ireland       

Introduction 

 The International Conference on Harmonisation of 
Technical Requirements for Registration of Pharma-
ceuticals for Human Use (ICH) is a unique project 
that has brought together the regulatory authorities 
of Europe, Japan and the USA and experts from the 
pharmaceutical industry in the three regions to 
discuss scientifi c and technical aspects of product 
registration. The purpose is to make recommenda-
tions on ways to achieve greater harmonisation in the 
interpretation and application of technical guidelines 
and requirements for product registration in order to 
reduce or obviate the need to duplicate the testing 
carried out during the research and development of 
new medicines. The objective of such harmonisation 
is a more economical use of human, animal and 
material resources, and the elimination of unneces-
sary delay in the global development and availability 
of new medicines while maintaining safeguards on 
quality, safety and effi cacy, and regulatory obligations 
to protect public health.  

ICH organisation (1990 –2003)

Members 
 Harmonisation, under ICH, involves the European 
Union (EU), Japan and the USA, with the assistance 
initially of observers from the World Health Organi-

zation (WHO), the European Free Trade Association 
(EFTA) and Canada. The six co - sponsors of the Con-
ference are:
1.     European Commission  –  EU;  
2.     European Federation of Pharmaceutical Indus-
tries and Associations;  
3.     Ministry of Health, Labour and Welfare, Japan 
(MHLW);  
4.     Japan Pharmaceutical Manufacturers Association;  
5.     US Food and Drug Administration (FDA); and  
6.     Pharmaceutical Research and Manufacturers of 
America.    

 In addition, the International Federation of 
Pharmaceutical Manufacturers and Associations par-
ticipates as an umbrella organisation for the pharma-
ceutical industry, and provides the ICH secretariat.  

Steering Committee
 The ICH Steering Committee oversees the prepara-
tions for ICH conferences, and the harmonisation 
initiatives that are undertaken under the ICH Process. 
The committee normally met two or three times a 
year.  

Expert Working Groups 
 The Steering Committee is advised on technical 
issues concerned with harmonisation topics by Expert 
Working Groups. 

 These are joint regulatory – industry Working 
Groups for which experts are nominated from the six 
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co - sponsors of the conference. The Working Groups 
deal with individual harmonisation topics under 
general headings: Safety (preclinical toxicity and 
related tests); Quality (pharmaceutical development 
and specifi cations); Effi cacy (clinical testing pro-
grammes and safety monitoring); and Multidisci-
plinary (cross - cutting topics including regulatory 
communications and timing of toxicity studies in 
relation to clinical studies). 

 In October 1994, the ICH Steering Committee 
announced a  ‘ new direction ’  in the harmonisation 
work coming within the review of ICH. In response 
to developments in communications technology and 
the need to avoid divergence in the three regions, 
which could affect the effi ciency of the regulatory 
process, it was agreed that two aspects on Regulatory 
Communications should be included in the ICH pro-
gramme; these are the development of an interna-
tional Medical Terminology and agreement on 
Electronic Standards for the Transfer of Information 
and Data.   

  The  ICH   p rocess 

 On the basis of experience to date, the Steering Com-
mittee has outlined a step - wise ICH Process (Figure 
 23.1 ) for monitoring the progress of the harmonisa-
tion work and identifying the action that is needed in 
order to reach a defi ned endpoint.   

   ICH   m eetings and  c onferences 
 It was agreed, from the start, that the focus for discus-
sions of tripartite harmonisation should be an inter-
national conference or series of conferences. The 
Steering Committee recognised the importance of 
ensuring that the process of harmonisation is carried 
out in an open and transparent manner and that ICH 
discussions and recommendations are presented in 
open forums  [1 – 4] .
    •      First International Conference on Harmonisation 
(ICH 1) Brussels, November 1991, hosted by the 
European Commission and the European Federation 
of Pharmaceutical Industries and Associations.  
   •      Second International Conference on Harmoni-
sation (ICH 2), Orlando, Florida, 27 – 29 October 
1993.  
   •      Third International Conference on Harmonisation 
(ICH 3), Yokohama, Japan, 29 November to 1 Decem-
ber 1995.  
   •      Fourth International Conference on Harmonisa-
tion (ICH 4), Brussels, 16 – 18 July 1997.  

        Figure 23.1     The International Conference on 

Harmonisation (ICH) process. EWG, expert working 

group.  
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   •      Fifth International Conference on Harmonisation 
(ICH 5), San Diego, USA, 9 – 11 November 2000.  
   •      Sixth International Conference on Harmonization 
(ICH 6), Osaka, 12 – 15 November 2003.     

Status of ICH harmonisation initiatives
 It was generally assumed that following the ICH 4 
meeting in 1997 that International Harmonisation 
had reached an interim conclusion and that the 
future would focus on developing a Common Techni-
cal Document (CTD) to improve effi ciency in docu-
menting new medicines for regulatory purposes. 
However, the ICH process has continued not only for 
developing the CTD, but also ICH 5 and ICH 6 con-
ferences have been convened; the total number of 
fi nalised tripartite guidelines had then reached 59 
 [5 – 11]  (20 Quality, 13 Safety, 17 Effi cacy, 7 Multidis-
ciplinary, 2 eCTD;  [12] .  www.ich.org   

Common Technical Document
 The adoption of the CTD was a major event that 
required a global level conference (ICH 5), both to 
present the fi nal document and consider implemen-
tation issues. 

 The arguments in favour of a CTD have been 
forcefully presented. Having harmonised the techni-
cal requirements for the demonstration of quality, 
safety and effi cacy of a new medicinal product under 
the fi rst phase of the ICH process, it seemed reason-
able that the three regions should now agree on the 
way in which this information should be presented 
for the purpose of obtaining authorisation to place 
the medicinal product on the therapeutic market. 
This would obviously save unnecessary duplication 
and reworking and would decrease the time and 
resources required for submission of the regulatory 
documents, ultimately benefi ting patients in the three 
regions and in the rest of the world. 

 The industrialists performed a feasibility study in 
Europe and the USA to determine some of the 
resource requirements for producing a CTD. They 
evaluated the time and resources required to convert 
a New Drug Application (NDA) to an EU application 
and vice versa. For eight international companies, it 
took an average of 3 – 4 months to convert one sub-
mission to the other; obviously a costly operation in 
terms of time and resources. However, the report 
showed the feasibility of developing the CTD and 
this was presented to regulators in advance of an 
ICH Steering Group Meeting. The feasibility report 
revealed slight differences between the three regions 

in the proposed format of technical dossiers. Agreed 
harmonisation of format was considered to be rela-
tively easy to achieve, but harmonising content was 
considered to be harder as differences were greatest 
between the three regions with regard to the detail 
required in reports submitted to the regulatory 
authorities. 

 Thus, the CTD was feasible, but it was a formidable 
challenge. ICH had already demonstrated its ability 
to deliver and enforce consensus decisions based 
upon good science and mutual trust. There was there-
fore an opportunity to develop in common a more 
logical, more effi cient, more user - friendly way of 
compiling the technical requirements for registra -
tion purposes, taking into account the most recent 
advances of regulatory science and the extraordinary 
potentials of new information technologies. The ICH 
Steering Committee agreed to a 2 - year schedule to 
produce a document. It was also considered, and this 
is an important development, that the CTD would 
apply to generics and over - the - counter products and 
that their manufacturers should also be involved in 
discussions as to content. Up to this point, generic 
manufacturers and over - the - counter producers had 
been largely ignored by the ICH.   

ICH 5  Meeting Report

Common Technical Document
 Prior to the conference, during which the ICH Expert 
Working Group and Steering Committee met, the 
ultimate objective of ICH 5 was achieved. The CTD 
was agreed, setting out a harmonised format for regu-
latory submissions (Table  23.1   ).
    •      Module 1  –  Administrative Information and Pre-
scribing Information.     This contains documents spe-
cifi c to each region including, for example, application 
forms or the proposed label for use in the region; the 
content and format of this module will be specifi ed 
by the relevant regulatory authorities.  
   •      Module 2  –  Summaries.     In addition to a table of 
contents and a one - page introduction, this module 
contains the quality overall summary, the non - clinical 
overview and the clinical overview; these are followed 
by the non - clinical written summaries, the non -
 clinical tabulated summaries and the clinical 
summary [separate documents (M4Q, M4S, and 
M4E) give guidance on the format and content of the 
summaries].  
   •      Module 3  –  Quality.     This covers information 
on manufacture, specifi cations, quality control and 
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Table 23.1    Organisation of the common technical 

document ( CTD ) for the registration of pharmaceuticals 

for human use 

  Module 1: Administrative information and prescribing 

information  

A.     Table of contents  

B.     Documents specifi c to each region (e.g. application 

forms, prescribing information)     

  Module 2: Common technical document summaries  

A.     Overall common technical document table of contents  

B.     Introduction  

C.     Quality overall summary  

D.     Non - clinical overview  

E.     Clinical overview  

F.     Non - clinical summary 

1.     Pharmacology 

a.     Written summary  

b.     Tabulated summary    

2.     Pharmacokinetics 

a.     Written summary  

b.     Tabulated summary    

3.     Toxicology 

a.     Written summary  

b.     Tabulated summary      

A.     Clinical summary 

1.     Summary of biopharmaceutics and associated 

analytical methods  

2.     Summary of clinical pharmacology studies  

3.     Summary of clinical effi cacy  

4.     Summary of clinical safety  

5.     Synopses of individual studies       

  Module 3: Quality  

A.     Table of contents  

B.     Body of data  

C.     Key literature references     

  Module 4: Non - clinical study reports  

A.     Table of contents  

B.     Study reports  

C.     Literature references     

  Module 5: Clinical study reports  

A.     Table of contents of clinical study reports and related 

information  

B.     Tabular listing of all clinical studies  

C.     Clinical study reports  

D.     Literature references     

stability, which must be presented in the structured 
format described in Guideline M4Q.  
   •      Module 4  –  Non - clinical Study Reports.     This 
covers reports on animal and  in vitro  tests, which 
must be presented in the order described in Guide -
line M4S.  

   •      Module 5  –  Clinical Study Reports.     This covers 
human study reports and related information pre-
sented in the order described in Guideline M4F.     

Implementation of the CTD
 All three of the ICH regulatory parties: the European 
Commission, FDA and MHLW, made fi rm commit-
ments to implement the CTD, when their representa-
tives spoke in a panel on  What the CTD will mean to 
Regulators  in the closing plenary. 

 By common agreement, at the ICH Steering Com-
mittee meeting, all three parties would accept appli-
cations in the CTD format from 1 July 2001. This will 
be on a so - called voluntary basis, as the time required 
before implementation can become mandatory will 
vary according to the formal steps needed in the three 
regions. It was apparent that a question in the minds 
of many in the audience was whether the new format 
would really replace current requirements. At several 
points in the CTD there is provision for authorities 
to ask for additional information according to 
 ‘ regional requirements ’ .

   ‘  Background
 Each region has its own requirements for the organisation 

of the technical reports in the submission and for the prepa-

ration of the summaries and tables. In Japan, the applicants 

must prepare the GAIYO, which organises and presents a 

summary of the technical information. In Europe, Expert 

Reports and tabulated summaries are required, and written 

summaries are recommended. The US FDA has guidance 

regarding the format and content of the New Drug Applica-

tion. To avoid the need to generate and compile different 

registration dossiers, this guideline describes a format for the 

Common Technical Document that will be acceptable in all 

three regions. ’   (Organisation of the Common Technical 

Document M4).    

 Harmonisation of the requirements for summaries 
(Module 2) has been the most challenging task for the 
CTD Working Groups. A background note in the 
CTD text (see extract above) identifi es the current 
requirements that will be changed by CTD, but there 
was concern, for example, that FDA would still retain 
an additional  ‘ regional ’  requirement for the Inte-
grated Safety Summary (ISS) and Integrated Effi cacy 
Summary (IES). 

 Dr Janet Woodcock, Director of the FDA Centre 
for Drug Evaluation and Research confi rmed that 
implementation of the CTD would require changes 
in the Code of Federal Regulations (CFR) and hoped 
that it would be possible to  ‘ rewrite a more fl exible 
and less specifi c CFR ’ . She cautioned, however, that 
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The CTD post-ICH 5 

Organisation of the  CTD
 The common format of the CTD has been changed 
slightly compared with the Step 2 version agreed in 
July 2000 (e.g. the  ‘ Overall Summary ’  is now called 
 ‘ Overview ’ ). The new version of the organisation is 
shown in Table  23.1   [12] .  

Benefi ts for  authorities and applicants
 A common format is of value to both applicants and 
reviewers as the order of documents is logical, more 
user - friendly, shortens review time, saves resources 
and facilitates the exchange of information and dis-
cussions. Janet Woodcock, Director of FDA ’ s Centre 
for Drug Evaluation and Research, speaking at ICH 
5, expected more  ‘ reviewable ’  applications, more 
complete, well - organised submissions, a format that 
was more predictable and, as a consequence, more 
consistent reviews.  

Hurdles for  harmonisation
of the content of Module 3 
Quality
 Unfortunately, up to now it was not possible to har-
monise either the content of the quality dossier or the 
format. One of the major reasons for this is that there 
are some areas where there has never been an ICH 
guideline developed (e.g. for synthesis of drug sub-
stances, manufacturing of drug products, process 
validation and packaging material). These points 
were also highlighted by Cone  [13] . That means that 
national guidelines apply. Also, it seems to be of high 
priority for FDA to develop new national guidelines 
and regulations incorporating ICH guidelines where 
they exist. In consequence, applicants may be able to 
submit common dossiers but should not expect iden-
tical query letters or common decisions issued by the 
various regulatory agencies concerned. 

 The other reason for disharmony of the content is 
the fact that the three major pharmacopoeias are dif-
ferent in terms of monographs and methods required, 
with the consequence that industry is forced to dupli-
cate testing and generate different specifi cations, ana-
lytical testing, validation of methods, stability testing 
and summaries. In order to harmonise General 
Methods of Analysis and Excipient Monographs, the 
Pharmeuropa  ( Ph. Eur ), the  Japanese Pharmacopoeia
(JP ) and the  United States Pharmacopeia  ( USP ) 
formed a pharmacopoeial discussion group (PDG) in 
1989. At the time of ICH 5, only four of 11 general 

this would take time and that the full consultations 
required under FDA ’ s Good Guidance Practices must 
be followed. In response to questions about the 
ISS she indicated that this was still regarded as a 
 ‘ crucial document ’  in assessment of safety but that 
FDA recognised the need to address the subject 
further in order to achieve the goal of a single clinical 
summary. 

 Ms Emer Cooke, Principal Administrator in the 
Pharmaceuticals and Cosmetics Unit of the European 
Commission Enterprise Directorate - General, pre-
sented a timetable under which the CTD could be 
fully implemented in the EU by July 2002:
    •      Revision of  Notice to Applicants , Vol IIB, fi rst 
quarter of 2001;  
   •      Acceptance of applications in the new format, July 
2001;  
   •      Proposal for revision to Directive 75/318/EEC 
(technical directive), mid -  to end - 2001; and  
   •      Date for CTD to become mandatory, provisionally 
July 2002.    

 Dr Yoshinobu Hirayama, Director, Evaluation 
Division 1, of the MHLW Pharmaceuticals and 
Medical Devices Evaluation Centre confi rmed that 
 ‘ the current GAIYO will be replaced by CTD Module 
II documents ’ . He cautioned, however, that although 
the CTD provides a common content and format, 
there will be cases where differences would necessar-
ily occur in dossiers for the three regions (e.g. there 
may be different dosage recommendations and differ-
ent quality requirements). He sympathised with the 
impact on industry who would feel  ‘ the burden of 
transition more than regulators ’  and indicated that 
the transition time before the CTD became manda-
tory might depend on how much preparatory work 
needs to be done by industry. Progress on the elec-
tronic version of the CTD was discussed. It was antic-
ipated that the eCTD specifi cation would reach draft 
consensus (or Step 2 of the ICH process) in May 2001 
and be fi nalised (Step 4) by the end of 2001. 

 The Steering Committee for ICH 5 issued a state-
ment on the future of ICH which emphasises the 
intentions of ICH to focus its activities on: imple-
menting and maintaining existing guidelines, pre-
venting disharmony, encouraging scientifi c dialogue 
and harmonisation in new areas (e.g. new technolo-
gies or therapies), and undertaking efforts towards 
global cooperation with non - ICH regions and coun-
tries. At its May 2001 meeting, the Steering Com-
mittee discussed practical aspects, including the 
possibility of harmonisation efforts in the area of the 
post - marketing activities.   
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Effi cacy 
 The effi cacy CTD discussions are dominated by the 
debate on the need for, and positioning of, the ISS 
and the IES that are required for FDA applications 
 [13,15] .   

Other problems  facing regulatory agencies
and the pharmaceutical industry
 In addition and in parallel to the legal changes to be 
made, several internal aspects have to be faced by the 
regulatory agencies concerned, for example:
    •      the impact of the new format on the current review 
process has to be checked;  
   •      current good review practices need to be adapted;  
   •      new templates and technical guidelines are to be set 
up;  
   •      internal training of reviewers and document staff 
will be required; and  
   •      a feedback mechanism for applicants based on 
experience in the voluntary phase will have to be 
created.    

chapters defi ned as essential in Q6A had reached 
stage 6 of the PDG procedure, six were still in stage 4 
and one in stage 3. Only one excipient monograph 
out of 50 reached stage 6, 31 were in stage 5 and nine 
in stage 4 (Table  23.2 ), only three general mono-
graphs moved forward between ICH 5 and ICH 6 
 [14] . These were bacterial endotoxins, residue on 
ignition and sterility.   

 In addition to these regulatory issues there are some 
homemade limitations to common quality docu-
mentation (e.g. normally, pharmaceutical companies 
prefer to market tablets in polyethylene bottles in the 
USA, in contrast to blister packs for the European 
market and different trade names, colours or pack 
sizes are also unavoidable in certain cases). The con-
sequence of these differences is the fact that a common 
Module 3 (Quality) and therefore a common Quality 
Summary in Module 2 cannot be compiled.  

Safety
 Safety CTD is causing the fewest problems  [13] .  

Table 23.2    The pharmacopoeial discussion group ( PDG ) process 

   PDG Stage No.     Status  

  Stage 1    Selection of subjects to be harmonised and nomination of a coordinating pharmacopoeia for each 

subject

  Stage 2    Investigation on the existing specifi cations, on the grade of products marketed and on the 

potential analytical methods  

      Preparation of a fi rst draft text (Stage 3 draft)  

  Stage 3    Publication of the draft text in the forum of each pharmacopoeia:  Pharmeuropa (Ph Eur) ,  Japanese 

Pharmacopoeial Forum (Japanese Pharmacopoeia)  and  Pharmacopoeial Forum (United States 

Pharmacopoeia)

      Comments received and consolidated  

      Preparation of a second draft text (Stage 3 draft)  

  Stage 4    Publication of the Stage 4 draft  

      Comments received and consolidated  

      Preparation of a revised version (Stage 5A draft)  

  Stage 5A    Stage 5A draft reviewed and commented on  

      Revised provisional harmonised document prepared and reviewed until consensus is reached by all 

three pharmacopoeias (Stage 5B draft)  

  Stage 5B    Consensus document is signed off by the three pharmacopoeias  

  Stage 6    Adoption of the signed - off document by the organisation responsible for each pharmacopoeia  

      Publication of the adopted document by the three pharmacopoeias in supplements or new editions  

  Stage 7    Implementation of published document in each region  
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dossier in a modular approach following the CTD 
format, and would be able to submit this to the 
authorities concerned in all their target countries at 
the same time.  

Developments: Brussels,  February 2002 
 The ICH process is continuous, with the Steering 
Committee meeting in Brussels on February 2002 
reporting on the CTD, eCTD and MedDRA (Medical 
Dictionary for Regulatory Activity) terminology, the 
setting up of the Global Cooperation Group, and the 
status of the technical guidelines. This information 
can be obtained from the website ( www.ifpma.org ). 
As has been stated, the success of the ICH process and 
full implementation of the CTD is fraught with dif-
fi culties, not only from current regional reporting 
differences, but also from the impact of local factors 
such as disease prevalence, ethnicity and local medical 
practice. The integration of these disparate views will 
be encouraged with the eCTD, which will provide a 
medium to transfer data through the world instanta-
neously. These changes will require companies to 
develop their own technical and human resources to 
meet the  ‘ e ’  demand. 

 With the adoption of the ICH CTD from July 2002 
and mandatory use in the EU and Japan from July 
2003 (and its use strongly encouraged by the US 
FDA),  ‘ aids ’  to fi nding the way round the CTD are 
beginning to appear. One of these is produced by 
Quintiles Regulatory Affairs Europe as a teaching 
aid and is reproduced in the  Regulatory Affairs Jour -
nal   [8] .  

Developments:  Washington, 
September 2002 
     •      Electronic version of Common Technical Docu-
ment (eCTD) was adopted and would move forward 
for adoption in the three ICH regions.  
   •      Paper version of CTD upgraded/clarifi cation on 
Quoting References in the Scientifi c Literature.  
   •      ICH has published a list of frequently asked ques-
tions (FAQs) on its website.  
   •      ICH guidelines on pharmacovigilance have been 
further developed.  
   •      Open workshop on gene therapy convened and rec-
ommended amongst other topics; the need to review 
the safety issue relating to germ - line integration fol-
lowing administration of either viral or non - viral 
based vectors.  
   •      The steering committee agreed to establish an 
Expert Working Group to develop harmonised Guide-
lines on bioequivalence of biotech products (Q5).  

 Internationally operating pharmaceutical compa-
nies as well as contract research organisations are 
busy these days with similar activities in order to gain 
fi rst - hand experience with the new format, and to 
take part in the voluntary phase by fi ling applications 
simultaneously as soon as possible. 

 Sooner rather than later, CTD - formatted dossiers 
should also be made acceptable for other types of 
products (e.g. generics, line extensions, herbals, radi-
opharmaceuticals and blood products). Also applica-
tions for clinical trials (e.g. CTX in the UK, 
Investigational New Drug Application in the USA), as 
well as applications for variations, and Drug Master 
Files could be formatted according to the CTD guide-
line. However, before this becomes reality, national 
regulations and guidelines need to be adapted 
accordingly.  

Impact on non-ICH countries
 In addition to the ICH regions USA, EU and Japan, 
which agreed to accept a CTD - formatted dossier as 
of July 2001, other authorities in non - ICH countries 
announced they will also accept this, in particular the 
ICH observers, Canada and Switzerland. 

 The Swiss authorities made the CTD format man-
datory as of 1 July 2002 for new chemical entities, as 
of 1 January 2003 for generics, and as of 1 July 2003 
for over - the - counter products and herbals. The same 
applied to the other EFTA countries (i.e. Iceland, 
Norway and Liechtenstein). 

 Mike Ward, representing the Canadian authorities ’  
point of view in San Diego, supported a simultaneous 
fi ling of applications, and therefore expected an early 
acceptance of CTD formatted dossiers. He also men-
tioned, however, some challenges linked to the imple-
mentation of the CTD in Canada (e.g. defi ning and 
adopting requirements, systems and procedure for 
CTD - based NDA is a complex task; also, the elec-
tronic submissions will need to be adjusted to the 
CTD format). An implementation master plan has 
been drafted and just needs to be completed. The 
Canadian authorities seem to be committed to ICH 
and the CTD. Health Canada will continue with their 
templates used since 1996 for the comprehensive 
summaries and evaluation reports, adapted to the 
CTD guideline accordingly. 

 South Africa, Australia, New Zealand, and coun-
tries in Latin America, the Middle East and South -
 East Asia are expected to adopt the CTD guideline, or 
at least will hopefully not insist in any particular 
national format. That means, in consequence, that 
applicants would just need to compile one common 
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4.     Common Technical Document.     The meeting dis-
cussed the implementation of both the paper and 
electronic versions of the CTD with particular 
relevance to biotech products and new chemical 
entities.  
5.     Assessment of innovative therapies.     Discussions 
focused on the new ICH initiative about risk - based 
approach to drug product quality and Good Manu-
facturing Practice. Talks also focused on new tech-
nologies to enhance drug development, challenges in 
the area of biotechnology, and pharmacogenetics and 
targeted medicines.  
6.     Quality.     Guidelines discussed included: 

    •      comparability of biotechnological and biologi-
cal products subject to changes in their manufac-
turing processes (ICH Q5E);  
   •      bracketing and matrixing designs for stability 
testing of new drug substances and drug products 
(ICH Q1D);  
   •      evaluation of stability data (ICH Q1E);  
   •      stability data package for registration in climatic 
zones III and IV (ICH Q1F);  
   •      impurities in new drug substances [ICH 
Q3A(R)];  
   •      impurities in new drug products [ICH Q3B(R)];  
   •      impurities: Residual solvents (maintenance) 
[ICH Q3C(M)]; and  
   •      specifi cations for new drug substances and 
products: chemical substances (ICH Q6A and ICH 
Q4).    

7.     Safety and effi cacy.     It was announced that con-
certed discussions would continue on the following: 

    •      clinical evaluation of QT/QTc interval prolon-
gation and pro - arrhythmic potential for non - anti -
 arrhythmic drugs (ICH E14);  
   •      safety pharmacology studies for assessing the 
potential for delayed ventricular repolarisation 
(QT interval prolongation) by human pharma-
ceuticals (ICH S7B); and  
   •      ethnic factors in the acceptability of foreign 
clinical data (ICH E5).    

8.     Pharmacovigilance.     The implementation issues 
concerning the standard of electronic reporting: data 
elements fo the transmission of individual base safety 
reports [ICH E2B(M)] were adopted as was post -
 approval safety data management: defi nitions and 
standards for expedited reporting (ICH E2D). Phar-
macovigilance planning (ICH E2E) reached Step 2 in 
November 2003. Also discussed were Addendum to 
E2C: perodic safety update reports for marketed 
drugs (ICH E2 Cadd), ICH E2D and ICH E2E.     

   •      Implementation Working Group set up to develop 
recommendations and clarifi cations for the E5 
Guideline on ethnic factors in acceptability of foreign 
clinical data.  
   •      Other guidelines being further developed include: 

    •      Residual solvents (Q3C(M));  
   •      Impurities in new drug products (Q3B);  
   •      Safety pharmacology studies for assessing the 
potential for delayed ventricular repolarisation (QT 
interval prolongation) by human pharmaceuticals 
(S7B); and  
   •      MedDRA Version 5.1 released.        

ICH 6:  November 2003,  Osaka

 The issues discussed at this conference included the 
following  [10] :
1.     Harmonization with countries outside the ICH 
remit.     This enlargement process was mediated 
through an expanded ICH Global Cooperation 
Group (GCG). The new members included repre-
sentatives from: 

(a)     Asia - Pacifi c Economic group (APEC);  
(b)     Association of Southeast Asian Nations 
(ASEAN);  
(c)     Southern African Development Community 
(SADC);  
(d)     Pan American Health Organization (PAHO).   

 WHO and the PAN American Network for Drug 
Regulatory Harmonization (PANDRH) were also 
included.  
2.     MedDRA.     The global standard medical terminol-
ogy for regulatory activities (MedDRA) continued to 
evolve. Version 6.1 was released in September 2003, 
Version 7.0 and 7.1 in March 2004 and September 
2004, respectively. A Spanish Version 6.1 was issued 
in December 2003.  
3.     Gene therapy.     This is a relatively new ICH initia-
tive (September 2002); the current issues include: 

    •      the safety and design of lentiviral vectors;  
   •      the charactisation and use of adenoviral refer-
ence material and other reference materials;  
   •      detection of replication competent adenovirus 
and adenovirus by infectivity polymerase chain 
reaction;  
   •      cytoplasmic gene therapy using Sendai virus 
vectors;  
   •      current requirements on inadvertent germline 
integration; and  
   •      insertional mutagenesis/oncogenesis.    
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2006 (GCG 50F); Brussels, 2007 (GCG 65F); and 
Yokohama, 2007 (GCG 78F). A fi nal report of each of 
these meetings is available on the ICH website  [12] .  

ICH organisation: (2007 –2011) and 
press  releases

 Currently, the ICH Steering Committee meets on a 
biannual basis during a week that also includes meet-
ings of the ICH MedDRA Management Board and 
ICH GCG. Also occurring on the of the ICH week 
is the Regulators Forum, which has participation 
from both ICH regulators and non - ICH regulatory 
members of the GCG. These meetings run in parallel 
of meetings of ICH technical working groups (Table 
 23.3 , Table  23.4 , Table  23.5  and Table  23.6 ).   

ICH organisation (2003 –2007)

 The meeting of ICH 6 at Osaka, Japan, 2003 was the 
last meeting in the original format. It was recom-
mended that the conferences should be held every 18 
months in each ICH region as a 1 - day additional 
meeting at the end of ICH Steering Committee and 
Expert Working Group/Implementation Working 
Group meetings. This culminating in the ICH 
Tokyo Symposium entitled  ‘ Hot Topics and Infl uence 
on Asia ’  in November 2007. (All updates up to 
and including this meeting are available from 
 kishi@jpma.or.jp .) 

 Between ICH 6 in Osaka in 2003 and November 
2007 there took place seven GCG meetings: Yoko-
hama, 2004 (GCG 15F); Brussels, 2005 (GCG 19F); 
Chicago, 2005; Yokohama, 2006 (GCG 41F); Chicago, 

Table 23.3     ICH  Guidelines fi nalised  J uly 2010 ( [16] ): Quality 

Stability

  Q1A(R2)    Stability Testing of New Drug Substances and Products  

  Q1B    Stability Testing: Photostability Testing of New Drug Substances and Products  

  Q1C    Stability Testing for New Dosage Forms  

  Q1D    Bracketing and Matrixing Designs for Stability Testing of New Drug Substances and 

Products  

  Q1E    Evaluation for Stability Data  

Analytical validation

  Q2(R1)    Validation of Analytical Procedures: Text and Methodology  

Impurities

  Q3A(R2)    Impurities in New Drug Substances  

  Q3B(R2)    Impurities in New Drug Products  

  Q3C(R4)    Impurities: Guideline for Residual Solvents  

Pharmacopoeias

  Q4B    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions  

  Q4B Annex 1    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Residue on Ignition/Sulphated Ash General Chapter  

  Q4B Annex 2    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Test for Extractable Volume of Parenteral Preparations General Chapter  

  Q4B Annex 3    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Test for Particulate Contamination: Sub - Visible Particles General Chapter  

  Q4B Annex 4A    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Microbiological Examination of Non - Sterile Products: Microbial Enumeration Tests 

General Chapter  

(Continued)



  Q4B Annex 4B    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Microbiological Examination of Non - Sterile Products: Tests for Specifi ed Micro -

 Organisms General Chapter  

  Q4B Annex 4C    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Microbiological Examination of Non - Sterile Products: Acceptance Criteria for 

Pharmaceutical Preparations and Substances for Pharmaceutical Use General Chapter  

  Q4B Annex 5    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Disintegration Test General Chapter  

  Q4B Annex 7    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Dissolution Test General Chapter  

  Q4B Annex 8    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Sterility Chapter General Chapter  

  Q4B Annex 9    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Tablet Friability General Chapter  

  Q4B Annex 10    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Polyacrylamide Gel Electrophoresis General Chapter  

  Q4B Annex 11    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Capillary Electrophoresis General Chapter  

  Q4B Annex 12    Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions 

on Analytical Sieving General Chapter  

Quality of biotechnological products

  Q5A(R1)    Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or 

Animal Origin  

  Q5B    Quality of Biotechnological Products: Analysis of the Expression Construct in Cells Used 

for Production of r - DNA Derived Protein Products  

  Q5C    Quality of Biotechnological Products: Stability Testing of Biotechnological/Biological 

Products  

  Q5D    Derivation and Characterization of Cell Substrates Used for Production of 

Biotechnological/Biological Products  

  Q5E     Comparability of Biotechnological/Biological Products Subject to Changes in Their 

Manufacturing Process  

Specifi cations

  Q6A    Specifi cations: Test Procedures and Acceptance Criteria for New Drug Substances and 

New Drug Products: Chemical Substances  

  Q6B    Specifi cations: Test Procedures and Acceptance Criteria for Biotechnological/Biological 

Products  

Good Manufacturing Practice

  Q7    Good Manufacturing Practice Guide for Active Pharmaceutical Ingredients  

Pharmaceutical development

  Q8(R2)    Pharmaceutical Development  

Quality risk management

  Q9    Quality Risk Management  

Pharmaceutical quality system

  Q10 Pharmaceutical Quality 

System  

Table 23.3 (Continued)
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MedDRA Management Board,  Cincinnati, 
OH, USA, 11 -12 June 2011 
 The MedDRA Management Board Welcomed news 
of the completion of the current phase of develop-
ment work on Standardized MedDRA Queries 
(SMQs) by the CIOMS Working Group on this topic. 
Press release 12 June 2011.  

ICH Steering Committee,  Cincinnati, 
OH, USA, 15 -16 June 2011 
 For the fi rst time, non - ICH regulators have been 
nominated to serve as experts in some quality, safety 
and effi cacy expert working groups (EWGs). ICH 
welcomed the active participation of technical experts 
from China. Press release 18 June 2011. 

MedDRA Management Board,  Fukuoka, 
Japan, 6 -7 November 2010 
 The Board held a special session for non - ICH 
members (APEC, ASEAN, GCC, SADC, China, 
Chinese Taipei, Singapore and South Korea) of the 
ICH Global Cooperation Group (GCG). Press release 
6 November 2011.  

ICH Steering Committee,  Fukuoka, 
Japan, 10 -11 November 2010 
  ‘ ICH Looks Ahead to the Next Decade: Further Exp-
pansion to Non - ICH Regions ’ . The ICH Steering 
Committee and its working groups met in Fukuoka, 
Japan 6 – 11 November 2010. Press release 10 Novem-
ber 2010.  

Table 23.4     ICH  Guidelines fi nalised  J uly 2010 ( [16] ): Safety 

Carcinogenicity studies

  S1A    Guideline on the Need for Carcinogenicity Studies of Pharmaceuticals  

  S1B    Testing for Carcinogenicity of Pharmaceuticals  

  S1C(R2)    Dose Selection for Carcinogenicity Studies of Pharmaceuticals  

Genotoxicity

  S2(R1)    Guidance on Genotoxicity Testing and Data Interpretation for Pharmaceuticals Intended for Human Use 

(this guideline replaces and combines S2A and S2B)  

Toxicokinetics and pharmacokinetics

  S3A    Note for Guidance on Toxicokinetics: The Assessment of Systemic Exposure in Toxicity Studies  

  S3B    Pharmacokinetics: Guidance for Repeated Dose Tissue Distribution Studies  

Toxicity testing

  S4    Duration of Chronic Toxicity Testing in Animals (Rodent and Non Rodent Toxicity Testing)  

Reproductive toxicity

  S5(R2)    Detection of Toxicity to Reproduction for Medicinal Products and Toxicity to Male Fertility  

Biotechnological products

  S6    Preclinical Safety Evaluation of Biotechnology - Derived Pharmaceuticals  

Pharmacology studies

  S7A    Safety Pharmacology Studies for Human Pharmaceuticals  

  S7B    The Non - clinical Evaluation of the Potential for Delayed Ventricular Repolarization (QT Interval 

Prolongation) by Human Pharmaceuticals  

Immunotoxicology studies

  S8    Immunotoxicity Studies for Human Pharmaceuticals  

  S9    Non - clinical Evaluation for Anticancer Pharmaceuticals  
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Table 23.5     ICH  Guidelines fi nalised  J uly 2010 ( [16] ): Effi cacy 

Clinical safety

  E1    The Extent of Population Exposure to Assess Clinical Safety for Drugs Intended for Long - Term Treatment 

of Non - Life - Threatening Conditions  

  E2A    Clinical Safety Data Management: Defi nitions and Standards for Expedited Reporting  

  E2B(R2)    Clinical Safety Data Management: Data Elements for Transmission of Individual Case Safety Reports  

  E2C(R1)    Clinical Safety Data Management: Periodic Safety Update Reports for Marketed Drugs  

  E2D    Post - Approval Safety Data Management: Defi nitions and Standards for Expedited Reporting  

  E2E    Pharmacovigilance Planning  

  E2F    Development Safety Update Report  

Clinical study reports

  E3    Structure and Content of Clinical Study Reports  

Dose – response studies

  E4    Dose – Response Information to Support Drug Registration  

Ethnic factors

  E5(R1)    Ethnic Factors in the Acceptability of Foreign Clinical Data  

Good Clinical Practice

  E6(R1)    Good Clinical Practice: Consolidated Guideline  

Clinical trials       

  E7    Studies in Support of Special Populations: Geriatrics  

  E8    General Considerations for Clinical Trials  

  E9    Statistical Principles for Clinical Trials  

  E10    Choice of Control Group and Related Issues in Clinical Trials  

  E11    Clinical Investigation of Medicinal Products in the Pediatric Population  

Principles for clinical evaluation by therapeutic category

  E12 Principles for Clinical Evaluation of New Antihypertensive Drugs  

Clinical evaluation

  E14    The Clinical Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential for Non -

 Antiarrhythmic Drugs  

Pharmacogenomics

  E15    Defi nitions for Genomic Biomarkers, Pharmacogenomics, Pharmacogenetics, Genomic Data and Sample 

Coding Categories  

  E16    Genomic Biomarkers Related to Drug Response: Context, Structure and Format of Qualifi cation 

Submissions  
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use such as to encourage the implementation and 
integration of common standards (Table  23.7 ; Figure 
 23.2 ).         

Conclusions to date

 The whole ICH process is continually changing  –  the 
concept is universally accepted but it is a dynamic 
process that has to be modifi ed to suit new technolo-
gies and the aspirations of all the participants.  

 Subsequent meetings include:
    •      5 – 10 November 2011, Seville, Spain;  
   •      2 – 7 June 2012, Fukuoka, Japan.    

 Following each of their biannual meetings, both the 
ICH Steering Committee and the ICH MedDRA Man-
agement Board issue press releases to inform stake-
holders on decisions taken during their meetings.    

Revised ICH Terms of Reference  [16]

     •      To maintain a forum for a constructive dialogue 
between regulatory authorities and the pharmaceuti-
cal industry on the real and perceived differences in 
the technical requirements for product registration in 
the EU, USA and Japan in order to ensure a more 
timely introduction of new medical products, and 
their availability to patients.  
   •      To contribute to the protection of public health 
from an interiational perspective.  
   •      To monitor and update harmonised technical 
requirments leading to a greater mutual acceptance 
of research and development data.  
   •      To avoid divergent future requirments through 
harmonisation of selected topics needed as a result 
of therapeutic advances and the development of 
new technologies for the production of medical 
products;  
   •      To facilitate the adoption of new or improved tech-
nical research and development approaches which 
update or replace current practices, where these 
permit a more economical use of human, animal and 
material resources, without compromising safety.  
   •      To facilitate the disseminationand communication 
of information on harmonised guidelines and their 

Table 23.7    Submissions by application type,  O ctober 2003 

to  O ctober 2010  [16]  

   Application     Sequences (no.)  

  IND    87,574  

  NDA    35,665  

  ANDA    23,328  

  BLA    11,003  

  MF    2089  

  Other    951  

Total      160,606

   ANDA, abbreviated New Drug Application; BLA, Biological 

Licence Application; IND, investigational new drug; MF, ; 

NDA, New Drug Application.  

  In December 2009, the US Food and Drug Administration 

(FDA) processed its 100,000th eCTD submission. What 

began as a trickle in October 2003 has become a major 

component of FDA ’ s regulatory processes. When coupled 

with he Electronic Submission Gateway we can begin to 

see an end - to - end, standards - based, electronic receipt, 

review and dissemination environment taking shape  [16] .   

Table 23.6     ICH  Guidelines fi nalised  J uly 2010 ( [16] ): Multidisciplinary 

  M1 MedDRA    Medical Terminology  

  M2 ICSR (R2)    Electronic Transmission of Individual Case Safety Reports Message Specifi cation  

  M3(R2)    Guidance on Nonclinical Safety Studies for the Conduct of Human Clinical Trials and Marketing 

Authorization for Pharmaceuticals  

  M4(R3)    Organization of the Common Technical Document for the Registration of Pharmaceuticals for 

Human Use  

  M4Q(R1)    The Common Technical Document for the Registration of Pharmaceuticals for Human Use: Quality  

  M4S(R2)    The Common Technical Document for the Registration of Pharmaceuticals for Human Use: Safety  

  M4E(R1)    The Common Technical Document for the Registration of Pharmaceutical for Human Use: Effi cacy  

  M5    Data Elements and Standards for Drug Dictionaries  
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Introduction 

 The regulation of drug products by the Food and 
Drug Administration (FDA) in the USA is extraordi-
narily detailed and complex, and has enormous 
public costs as well as public benefi ts  [1] . This chapter 
provides only a broad overview of this subject. Entire 
books  [2] , and thousands of articles, have been 
devoted both to a comprehensive review of the area 
and to specifi c aspects. Anyone who wishes to under-
stand it in greater detail must consult the governing 
statutes, regulations and guidance, as well as the 
experience of experts who have spent their entire 
careers working in the fi eld. This chapter therefore 
presents a bare outline, permitting a glimpse into this 
extremely important and fascinating area but not a 
defi nitive analysis of any of its myriad aspects.  

Regulatory framework 

Federal  regulatory requirements 
 In the USA, regulatory policies are established by stat-
utes enacted by Congress and signed by the President. 
These laws govern all regulatory requirements imposed 
by FDA upon drug products. No additional or different 
requirements can be imposed by any administrative 
offi cial, but the statutory requirements are continually 
subject to reinterpretation and thus expansion as they 
are implemented by administrative action. 

 Laws are usually written by Congress in relatively 
general terms. They are intended to be implemented 

and enforced by administrative offi cials, in this 
instance located in FDA. Under the Federal Food, 
Drug, and Cosmetic Act (FD & C Act) of 1938  [3] , 
FDA is empowered to promulgate regulations imple-
menting the statute, in accordance with the proce-
dural requirements established by the Administrative 
Procedure Act  [4] . These procedural requirements 
require that most regulations initially be published 
as proposals in the Federal Register, accompanied 
by a lengthy preamble explaining the purpose and 
meaning of the proposed regulations  [5] . Time is 
then given for public comments. After the public 
comment has been received, FDA reviews the 
comment, makes a fi nal decision on the regulations 
and promulgates the fi nal regulations, together with 
a preamble explaining the decision with respect to 
each comment received and the reasons for the fi nal 
version of the regulation. The regulations are then 
codifi ed in the Code of Federal Regulations, without 
the explanatory preambles. 

 Following the promulgation of a federal regula-
tion, any interested person may challenge the legality 
of the regulation in the courts  [6] . The primary 
grounds for any such legal challenge are that the regu-
lation exceeds FDA statutory authority or that it is 
arbitrary or capricious. Any person who challenges 
an FDA regulation in this way has a heavy burden to 
demonstrate that the regulation is illegal, and in most 
instances FDA regulations are upheld by the courts. 

 Even though FDA regulations are more detailed 
than the governing statute, they are nonetheless still 
often worded in general terms, and thus it becomes 
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discussion of the fi eld of product liability is beyond 
the scope of this chapter.   

FDA history

 The US Patent Offi ce began its interest in agricultural 
matters in the 1830s. Eventually, an Agricultural Divi-
sion was established in the Patent Offi ce, and a chem-
ical laboratory was funded in that Division  [8] . 

 When Congress created the US Department of 
Agriculture (USDA) by statute in 1862  [9] , the Agri-
cultural Division of the Patent Offi ce, and its chemi-
cal laboratory, were transferred to form the nucleus 
of the new Department. A Chemical Division was 
immediately formed within USDA. This became the 
Division of Chemistry in 1890  [10] , the Bureau of 
Chemistry in 1901  [11] , the Food, Drug and Insecti-
cide Administration in 1927  [12] , and the FDA in 
1930  [13] . 

 FDA remained a part of USDA until it was trans-
ferred to the new Federal Security Agency in 1940 
 [14] . When the Department of Health, Education, 
and Welfare (HEW) was established in 1953, as the 
successor to the Federal Security Agency, FDA became 
a part of HEW  [15] . HEW was renamed the De -
partment of Health and Human Services (HHS) in 
1979  [16] . 

 Throughout this period, FDA (and its predecessor 
agencies) were created by administrative action, not 
by Congress. The governing statutes were all offi cially 
delegated for implementation and enforcement to the 
Secretary of Agriculture/HEW/HHS, not to the Com-
missioner of Food and Drugs. It was not until the 
Food and Drug Administration Act of 1988  [17]  that 
Congress offi cially established FDA as a government 
agency. To this day, however, the governing statutes 
delegate responsibility for implementation and en -
forcement to the Secretary of HHS, who in turn 
redelegates it to the Commissioner. 

 Throughout this history, the Commissioner of 
Food and Drugs and his or her predecessors have 
occupied a position that was created solely by admin-
istrative action, not by Congress. The Food and Drug 
Administration Act of 1988 also offi cially created the 
position of the Commissioner of Food and Drugs, and 
required that the Commissioner be appointed by the 
President with the advice and consent of the Senate. 

 The Secretary of HHS is a Cabinet position, 
appointed by the President with the advice and 
consent of the Senate. The Commissioner of Food 
and Drugs reports to the Secretary of HHS. 

important to have more specifi c and detailed docu-
ments to guide daily decision - making in the agency. 
Such detailed policy comes in many forms, including 
the preambles to the regulations, written guidance, 
letters, speeches and a host of other documents, 
as well as unwritten tradition and practice. It is this 
area that largely governs daily FDA action. Because 
the vast bulk of FDA policy is not set forth either 
in the statute or in the regulations, it is uniquely a 
fi eld where experience and judgement have a very 
large role.  

State regulatory requirements 
 Decades ago, the individual states played an impor-
tant part in the regulation of pharmaceutical prod-
ucts. However, as pharmaceutical science has become 
more complex and as the FDA regulation of the 
pharmaceutical industry has become more intense 
and pervasive, the states have shifted their tradi -
tional regulatory responsibilities to concentrate more 
heavily on food products and other items that are 
more appropriate for local control. Thus, state regula-
tion of drug products is a relatively insignifi cant 
aspect of drug regulation in the USA today. 

 The individual states have retained their statutes 
governing both non - prescription and prescription 
drugs, and on occasion will exercise their authority to 
regulate in these areas. In recent years, this regulation 
has largely been limited to non - prescription drugs. 
For example, California has guidelines for slack fi ll 
in the packaging of non - prescription drugs  [7] . On 
some occasions, states have also switched a non -
 prescription drug to prescription status in order to 
address a local abuse problem  –  usually only for a 
short duration. State regulation of drugs is not con-
sidered further in this chapter.  

Product  liability
 The one aspect of state  ‘ regulation ’  of pharmaceutical 
products that has increased is that of product liability. 
Drawing upon common law precedent extending 
back to medieval English origins, an individual 
harmed by a pharmaceutical product may bring a 
civil tort action under state law against the manufac-
turer or distributor of the drug for damages sus-
tained. This can be a potent form of regulation. If a 
pharmaceutical product causes widespread damage 
to patients, the resulting tort liability could endanger 
the future of the manufacturer. One example is the 
Dalkon Shield, the damage actions from which 
resulted in the bankruptcy of A.H. Robbins. Further 
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domestic commerce. It is only since 1900 that regula-
tion of food and drugs in the USA has been con-
cluded to be a matter of national concern that justifi es 
the enactment of federal statutes. The following para-
graphs present a brief chronology of the major federal 
regulatory statutes governing nonprescription and 
prescription drug products in the USA. 

Vaccine  Act of 1813 
 Following Edward Jenner ’ s discovery of a smallpox 
vaccine in 1796, and the demonstration by Benjamin 
Waterhouse in the USA in 1800 that the vaccine was 
effective, fraudulent versions of the vaccine were 
marketed throughout the country. A Baltimore physi-
cian, John Smith, initially convinced the Maryland 
legislature to enact a statute designed to ensure the 
availability of an effective smallpox vaccine supply, 
and then persuaded Congress to enact the Vaccine 
Act of 1813  [22]  for the same purpose. This statute 
authorised the President to appoint a federal agent to 
 ‘ preserve the genuine vaccine matter and to furnish 
the same to any citizen ’  who requested it. 

 The President promptly appointed Dr Smith as the 
fi rst and, as it turned out, only federal vaccine agent. 
Following an outbreak of smallpox in North Carolina 
in 1821, which was thought to be caused by a con-
taminated lot of vaccine supplied by Dr Smith under 
the 1813 statute, the matter was investigated by two 
committees of the House of Representatives. The 
second committee concluded that regulation of 
smallpox vaccine should be undertaken by state and 
local offi cials rather than by the federal government, 
and as a result the 1813 Act was repealed in 1822  [23] . 
As discussed below, 80 years later another drug 
tragedy led to the enactment of a new statute in 1902 
under which vaccines are currently regulated by FDA.  

Import Drug Act of 1848 
 A congressional investigation in 1848 discovered that 
a wide variety of drugs imported into the USA for use 
by US troops in Mexico were adulterated. Congress 
therefore enacted a statute dealing solely with im -
ported drugs. The 1848 Act  [24]  required that all 
imported drugs be labelled with the name of the 
manufacturer and the place of preparation, and be 
examined and appraised by the US Customs Service 
for  ‘ quality, purity and fi tness for medical purposes ’ . 
The Customs Service was directed to deny entry into 
the USA of any drug determined to be so adulterated 
or deteriorated as to be  ‘ improper, unsafe or danger-
ous to be used for medical purposes ’ . This law 
remained in effect until it was repealed in 1922  [25] .  

 Within FDA, there is an Offi ce of the Commis-
sioner and six product - oriented centres (for food, 
drugs, biologics, medical devices, veterinary medicine 
and tobacco) located in the Washington DC area 
 [18] . The Center for Drug Evaluation and Research 
(CDER) and the Center for Biologics Evaluation and 
Research (CBER) are responsible for regulation of 
drug products. Outside Washington DC, FDA has an 
extensive fi eld force located in regions and districts 
throughout the USA, where FDA employees inspect 
drug establishments and conduct enforcement activi-
ties. The FDA fi eld force is also responsible for the 
inspection of foreign drug establishments located 
throughout the world. 

 FDA is funded through annual congressional 
appropriations. When it became clear that Congress 
would not appropriate suffi cient funds to support 
FDA drug review programmes, in 1992 the regulated 
industry agreed to the enactment of user fees dedi-
cated to FDA evaluation of new drugs. Even then, 
congressional appropriations were insuffi cient to 
support all of FDA ’ s drug regulatory responsibilities. 
A major report issued by a subcommittee of the FDA 
Science Board in November 2007 exposed the weak-
ened condition of the agency  [19] , resulting in agree-
ment by Congress to increase FDA appropriations 
substantially.  

Historical overview of drug
regulation statutes

 Government concern about the adulteration and 
misbranding of pharmaceutical products extends 
back to ancient times  [20] . Pliny the Elder, for 
example, in the fi rst century AD, criticised  ‘ the fash-
ionable druggists ’  shops which spoil everything with 
fraudulent adulterations ’   [21] . As a result, various 
forms of government control to prevent the adultera-
tion and misbranding of food and drugs can be found 
in virtually every recorded civilisation. These regula-
tory controls were brought to the American colonies 
by early settlers, were enacted into state law follow -
ing the American Revolution and eventually were 
adopted by Congress as nationwide requirements in 
a series of federal statutes. 

 During most of the nineteenth century, regulation 
of food and drug products was thought to be a matter 
of state and local concern, not appropriate for federal 
legislation, under the US Constitution. During this 
period, most federal laws governing food and drugs 
therefore related to foreign commerce rather than to 
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by Congress for 5 years, and ultimately enacted as the 
Federal Food, Drug, and Cosmetic Act of 1938 (the 
FD & C Act)  [31] . Initially, it was intended to add cos-
metics and medical devices to the 1906 Act and to 
require additional affi rmative labelling for food and 
drug products. In September 1937, however, more 
than 100 people died of diethylene glycol poisoning 
following use of Elixir Sulfanilamide, which used this 
chemical as the solvent without any form of safety 
testing. As a result, Congress added a premarket noti-
fi cation requirement for new drugs to the pending 
legislation and enacted the new law in June 1938. 
Under this statute, a  ‘ new drug ’  was defi ned as a drug 
that was not generally recognised as safe for its 
intended use. Before a new drug could be marketed, 
it was required to be tested on humans in accordance 
with investigational new drug (IND) regulations 
promulgated by FDA. When suffi cient data were 
obtained under the IND to demonstrate the safety of 
the drug, the manufacturer was required to submit a 
New Drug Application (NDA) for the drug to FDA. 
If FDA did not disapprove the NDA within 60 
days after fi ling, the NDA became effective and the 
drug could be marketed. The FD & C Act has been 
amended more than 200 times since 1938, and is now 
a very lengthy, detailed and complex law. The more 
important amendments relating to drugs are sum-
marised below.  

Insulin and  Antibiotics Amendments
 Because of the unique production processes for 
insulin, penicillin and other antibiotic drugs follow-
ing enactment of the FD & C Act, Congress enacted 
special provisions in the law requiring both that 
FDA approve each of them as safe and have the 
authority to require that each batch be certifi ed 
by FDA as conforming to standards established for 
them by the agency. Thus, insulin and antibiotics 
were regulated by FDA under provisions that were 
similar to, but nonetheless different from, those 
established both for biological drugs and for chemical 
drugs  [32] .  

Durham–Humphrey  Amendment of 1951 
 The FD & C Act made no distinction between nonpre-
scription and prescription drugs. A company could 
label a drug either way, depending upon marketing 
strategy. However, in 1939, FDA promulgated regula-
tions declaring that any drug for which adequate 
directions for lay use could not be prepared must be 
sold only on prescription, thereby for the fi rst time 
creating a mandatory prescription class of drugs. In 

Biological Products  Act of 1902 
 As the result of a series of problems with biological 
drugs during the late 1890s, culminating in the death 
of several children in St Louis from a tetanus - infected 
diphtheria antitoxin, Congress enacted the Biological 
Products Act of 1902, often referred to as the Biolog-
ics Act  [26] . This statute is the fi rst known regulatory 
law in any country that required premarket approval. 
It required approval of both a Product Licence Appli-
cation (PLA) and an Establishment Licence Applica-
tion (ELA) before any biological product could be 
marketed. Although it was recodifi ed in 1944  [27]  
and 1997  [28] , it has remained in effect without sig-
nifi cant change since 1902. It was initially imple-
mented by the Public Health Service, but was 
transferred to FDA in 1972  [29] . Today it is imple-
mented partly by the CBER within the FDA, which is 
located in buildings on the campus of the National 
Institutes of Health (NIH), where it had been located 
prior to the 1972 transfer to FDA, and partly by 
the CDER.  

Federal  Food and Drugs Act of 1906 
 The fi rst legislation to establish comprehensive 
nationwide regulation of all food and drugs was 
introduced in Congress in 1879. Largely because 
regulation of food and drugs was at that time thought 
to be a matter for state and local control, Congress 
debated this legislation for 27 years, ultimately enact-
ing the Federal Food and Drugs Act in 1906  [30] . 
This law broadly prohibited any adulteration or mis-
branding of drugs marketed in interstate commerce. 
Although it was quite short, and very broad and 
general in nature, it was extremely progressive for its 
time and included suffi cient authority to permit FDA 
to take strong enforcement action against the unsafe, 
ineffective and mislabelled products that fl ooded the 
US market in the late 1800s. Unlike the Biological 
Products Act of 1902, it contained no provisions 
requiring premarket testing or approval for new drug 
products. An attempt by FDA to obtain this type of 
authority in 1912 was unsuccessful. Thus, Congress 
initially provided premarket approval authority for 
biological drugs but not for other drugs.  

Federal  Food,  Drug, and 
Cosmetic Act of 1938 
 Shortly after President Franklin D. Roosevelt took 
offi ce in 1933, the Commissioner of Food and Drugs 
persuaded the new administration to propose legisla-
tion to modernise the Federal Food and Drugs Act of 
1906. The legislation was introduced in 1933, debated 
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Poison  Prevention  Packaging Act of 1970 
 In response to concern about household poisoning of 
children with hazardous household products, Con-
gress enacted the Poison Prevention Packaging Act 
 [36]  to require the use of special child - resistant pack-
aging. In accordance with regulations established 
by the Consumer Product Safety Commission, this 
type of packaging is now common for virtually all 
prescription drugs and for most non - prescription 
drugs  [37] .  

Drug Listing Act of 1972 
 The Drug Amendments of 1962 included a require-
ment that every owner of a US drug establishment 
register that establishment with the FDA. Congress 
enacted the Drug Listing Act of 1972  [38]  to add the 
requirement that every person who registers an estab-
lishment shall include a list of all drugs manufactured 
at that establishment  [39] .  

Orphan  Drug Act of 1983 
 An orphan drug is one that is intended for use in rare 
diseases and thus for which there is not a suffi cient 
market to justify the investment needed to demon-
strate safety and effectiveness in order to obtain 
approval of an NDA. For more than 20 years, FDA 
had permitted orphan drugs to be distributed 
through a permanent IND, with little or no thought 
that they would ever progress to an approved NDA. 

 In 1983, Congress enacted the Orphan Drug Act 
 [40]  to provide economic incentives for the industry 
to make the investment necessary to develop this cat-
egory of drugs. When that proved insuffi cient, the Act 
was amended in 1984 to expand its coverage substan-
tially, by providing that any drug with a use that has 
a target patient population of fewer than 200,000 
people in the USA is automatically classifi ed as an 
orphan drug  [41] . Although the Orphan Drug Act 
does not provide for any different regulatory require-
ments from those applied to non - orphan drugs, the 
tax incentives and, in particular, a 7 - year period of 
market exclusivity during which no competing NDA 
may be approved by FDA, combined with the extraor-
dinary expansion in 1984 of the number of drugs 
covered by this statute, has had a major impact on 
orphan drug development in the USA.  

Drug Price Competition and Patent Term
Restoration  Act of 1984 
 Under the new drug provisions as initially enacted 
in 1938 and as amended in 1962, all information in 
an IND and NDA was regarded as confi dential 

order to make certain that the same drug, at the same 
dosage and for the same indication, could not be 
marketed both as a non - prescription and a prescrip-
tion drug, in 1951 Congress codifi ed the FDA regula-
tions into law by enacting the Durham – Humphrey 
Amendment  [33] .  

Drug Amendments of 1962 
 Although thalidomide was marketed throughout 
Europe, the NDA for this drug was not allowed to 
become effective and thus thalidomide was not mar-
keted in the USA. When it was learned in mid - 1962 
that thalidomide was a potent human teratogen, 
Congress immediately enacted the Drug Amend-
ments of 1962 to strengthen the new drug regulatory 
system to make certain that FDA had adequate statu-
tory authority to ensure that no such drug could be 
marketed in the future  [34] . 

 The 1962 Amendments made a number of impor-
tant changes. First, and most important, the amended 
law required FDA explicitly to approve an NDA, 
rather than simply allowing the NDA to become 
effective through FDA inaction. Thus, the new drug 
provisions of the law were converted in 1962 from 
premarket notifi cation to premarket approval, 
making them parallel with the Biological Products 
Act of 1902. Secondly, a new drug was required to 
be shown to be effective as well as safe. Thirdly, FDA 
was given additional authority to require compliance 
with current Good Manufacturing Practice (GMP), 
to control the advertising of prescription drugs, to 
register drug establishments and to implement other 
regulatory requirements. Finally, FDA was required to 
review all NDAs that had been marketed during 
1938 – 1962, to determine whether these drugs were 
effective as well as safe.  

Controlled  Substances Act of 1970 
 Beginning in the early 1900s, Congress enacted a 
series of laws to control narcotic drugs and other 
drugs subject to abuse. All of these laws were repealed 
in 1970 and replaced by the Controlled Substances 
Act  [35] . Responsibility for enforcement rests with 
the Drug Enforcement Administration of the Depart-
ment of Justice. FDA may approve an NDA for any 
controlled substance that has a legitimate medical 
use, but the Drug Enforcement Administration may 
impose upon any new drug that is also a controlled 
substance additional regulatory requirements to 
prevent abuse and misuse by classifying it into one of 
four categories: schedules II (most restrictive) to 
schedule V (least restrictive).  
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   •      the product was for export to one or more of 21 
listed countries with sophisticated regulatory systems;  
   •      the product was currently approved and marketed 
in the receiving country;  
   •      FDA had not disapproved the product;  
   •      the product was manufactured in conformity with 
GMP and was not adulterated;  
   •      the product ’ s labelling listed the countries to which 
FDA permitted it to be exported;  
   •      FDA had not determined that domestic manufac-
ture of the drug for export was contrary to the public 
health and safety of the USA; and  
   •      the product was properly labelled for export.    

 Not surprisingly, these restrictions were so tight 
that most US companies preferred to move their 
manufacturing facilities overseas, and thus to source 
a drug from abroad, rather than to make it in the USA 
and attempt to obtain FDA approval for an export 
application. As a result, in 1996 the 1986 Amend-
ments were repealed and replaced with substantially 
more fl exible provisions  [44] .  

Prescription  Drug Marketing Act of 1987 
 Congressional investigations in the mid - 1980s dem-
onstrated that pharmaceutical products were being 
exported from the USA and later imported back into 
the country without adequate assurance that they had 
not become adulterated or misbranded while abroad. 
Congress responded by enacting the Prescription 
Drug Marketing Act of 1987  [45] , which makes the 
reimportation of US drugs by anyone other than the 
manufacturer illegal. It also prohibits the sale of drug 
samples and the resale of drug products initially 
sold to health care institutions. Distribution of drug 
samples by pharmaceutical manufacturers is permit-
ted only in response to a written request, for which a 
receipt is obtained. The provisions requiring state 
licensure of wholesale distributors of prescription 
drugs were subsequently clarifi ed in the Prescription 
Drug Amendments of 1992  [46] .  

Generic Drug Enforcement  Act of 1992 
 Following enactment of the Drug Price Competition 
and Patent Term Restoration Act of 1984, FDA em -
barked upon a major campaign to expedite approval 
of abbreviated NDAs for generic versions of impor-
tant pioneer drugs for which the patents had expired. 
Because of the enormous economic profi t that could 
be made by the generic drug company that marketed 
the fi rst generic version of an important pioneer 
drug, a number of generic drug manufacturers sub-
mitted fraudulent data to FDA as part of abbreviated 

proprietary business information that could not be 
revealed by FDA to the public or any competitor, and 
could not be used as the basis for any subsequent 
approval of a generic version of the pioneer new drug. 
Even after the patent for a pioneer new drug expired, 
competitors were unable to obtain an approved NDA 
for a generic version without duplicating all the 
animal and human testing needed to demonstrate 
safety and effectiveness. Congress therefore enacted 
the Drug Price Competition and Patent Term Resto-
ration Act of 1984  [42]  (commonly called the Hatch –
 Waxman Act), which authorised FDA to approve 
a simplifi ed abbreviated NDA or Section 505(b)(2) 
NDA for a generic version of a pioneer new drug after 
the patent and the statutory period of market exclu-
sivity for the pioneer drug had expired. The result has 
been a substantial increase in the number of generic 
drugs available in the USA. 

 At the same time, Congress recognised that the 
effective patent term of pioneer drugs was dramati-
cally reduced because of the time required for drug 
development by the FDA IND/NDA requirements 
prior to marketing. On average, the effective patent 
life for a pioneer drug was less than half the 17 - year 
period then specifi ed by Congress under the patent 
law, as of the time of NDA approval. For some drugs, 
no patent could be obtained. As part of the 1984 
legislation, Congress therefore directed the Patent 
Offi ce to extend the patent for a pioneer drug for up 
to 5 years in order to compensate for the lost patent 
life resulting from FDA regulatory review require-
ments. The average effective patent life for a pioneer 
new drug today is 11 – 12 years. Congress also speci-
fi ed a minimum period of 3 or 5 years of market 
exclusivity during which no generic version could 
be approved by FDA even if there was no patent 
protection.  

Drug Export Amendments Act of 1986 
 Under the FD & C Act as enacted in 1938, adulterated 
and misbranded drugs could be lawfully exported 
but an unapproved new drug could not. This was a 
drafting error, but it was nonetheless enforced by 
FDA. Congress therefore enacted the Drug Export 
Amendments Act of 1986  [43] , which authorised the 
limited export of unapproved new human drugs and 
biological products after FDA had approved an 
export application. An export application could be 
approved only if:
    •      there was an active IND;  
   •      approval of an NDA was actively being pursued in 
the USA;  
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FDA Export Reform and 
Enhancement Act of 1996 
 Following the November 1994 elections, in which 
the Republican Party won control of both the House 
of Representatives and the Senate for the fi rst time 
in 40 years, Congress began to consider statutory 
reform of the FDA in earnest. When the reform 
legislation became stalled in 1996, the provisions 
dealing with the export requirements of the FD & C 
Act were separated out and enacted  [53] . The 1996 
Act repealed the Drug Export Amendments Act of 
1986  [54]  and adopted a much more liberal and 
expansive approach. A drug that is not approved in 
the USA may now be exported to any country in the 
world if it complies with the laws of that country 
and has valid marketing authorisation by the appro-
priate authority in any country included in a new list 
of 25 countries with sophisticated regulatory systems. 
A drug that is not approved in the USA may be 
exported for investigational use in any listed country. 
FDA approval of the export of a drug that is not 
approved in the USA is required only if it is exported 
for investigational use in a non - listed country. Al -
though the 1996 Act is a major improvement over 
the 1986 Act, the export provisions of the FD & C Act 
continue to be the most stringent in the world, and 
thus many US companies continue to manufacture 
products abroad in order to avoid its cumbersome 
requirements.  

Food and  Drug Administration 
Modernization Act of 1997 
 One year after the drug export provisions of the 
FD & C Act were reformed, Congress enacted the 
remainder of the reform legislation that it had 
been considering, as part of the reauthorisation of 
PDUFA for another 5 years. The Food and Drug 
Administration Modernization Act of 1997  [55]  is a 
lengthy, comprehensive and complex 84 - page statute. 
Although the impact of this statute has been modest, 
it is the fi rst statute since the FD & C Act was enacted 
in 1938 that has attempted signifi cant reform. The 
following brief summary of the major provisions in 
the 1997 Act is suffi cient to convey the broad scope 
of this legislation.
    •      Reauthorises prescription drug user fees for another 
5 years.  
   •      Establishes for a period of 5 years an additional 6 
months of market exclusivity for paediatric studies of 
new drugs.  
   •      Establishes a fast track (accelerated approval) 
system for the study and approval of new drugs that 

NDAs, and even paid illegal bribes to FDA offi cials in 
an attempt to obtain preferential handling of their 
applications. When this scandal came to light, in 
addition to the criminal prosecution of the individu-
als and companies involved, Congress enacted the 
Generic Drug Enforcement Act of 1992  [47]  to 
increase the penalties for such illegal behaviour. 
These new penalties include mandatory and permis-
sive debarment of corporations and individuals, sus-
pension and withdrawal of approval of abbreviated 
NDAs, and civil money penalties. Although the 1992 
Act applies primarily to generic drugs, it also provides 
mandatory and permissive debarment for individuals 
who engage in wrongdoing with respect to any drug, 
whether generic or pioneer. All of the provisions of 
the Act apply to both non - prescription and prescrip-
tion drugs.  

Prescription  Drug User Fee Act of 1992 
 Following enactment of the Drug Amendments of 
1962, the time needed to develop the data and infor-
mation to demonstrate the safety and effectiveness of 
a new drug, and to obtain FDA approval of an NDA, 
escalated. As a result, a  ‘ drug lag ’  developed between 
the pharmaceutical products available in the rest of 
the world and those available in the USA. FDA on 
many occasions pointed out that the time needed for 
FDA review of an IND or an NDA was at least in part 
a function of the resources available to the agency. 
Although both FDA and the pharmaceutical industry 
initially opposed the imposition on the industry of 
 ‘ user fees ’  that would generate additional revenue to 
permit FDA to hire additional people to review INDs 
and NDAs, both abruptly reversed their earlier posi-
tions and agreed to enactment of the Prescription 
Drug User Fee Act (PDUFA) of 1992  [48] . 

 Under this statute, FDA was authorised to collect 
user fees for 5 years based on annual fees levied for 
each pioneer prescription drug and each pioneer pre-
scription drug establishment, as well as a one - time fee 
for each NDA for a pioneer new drug. The fees did 
not apply to generic drugs or to pioneer drugs after 
they become subject to generic competition. All of the 
revenue from these user fees was required to be in 
addition to the existing FDA budget and to be used 
solely for the IND/NDA review system. User fees were 
extended for another 5 years under the FDA Mod-
ernization Act of 1997  [49] , and for another 5 years 
each under the Prescription Drug User Fee Amend-
ment of 2002  [50] , the FDA Amendments Act of 2007 
 [51]  and the FDA Safety and Innovation Act of 
2012  [52] .  
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   •      Provides for the use of scientifi c advisory commit-
tees to provide expert advice and recommendations 
to FDA regarding clinical investigation and approval 
of new drugs.  
   •      Requires FDA to promulgate separate regulations 
governing the approval of radiopharmaceuticals.  
   •      Amends the Public Health Service Act to eliminate 
the requirement of separate product and establish-
ment licences and directs FDA to harmonise the 
review and approval requirements for biological 
products and new drugs to the extent possible.  
   •      Provides that a drug manufactured in a pilot or 
other small scale facility can be used to establish 
safety and effectiveness and to obtain marketing 
approval prior to scale - up unless FDA determines 
that a full - scale facility is necessary to ensure safety 
or effectiveness.  
   •      Eliminates the separate regulatory requirements for 
insulin and antibiotics, and makes these drugs subject 
to the IND and NDA requirements.  
   •      For prescription drugs, replaces the old label 
statement  ‘ Caution: Federal Law prohibits dispens -
ing without a prescription ’  with a new  ‘ Rx Only ’  
designation.  
   •      Deletes the obsolete statutory provisions relating to 
labelling of 17 listed  ‘ habit - forming ’  drugs.  
   •      Establishes an entire new programme to control 
pharmacy compounding.  
   •      Reauthorises a clinical pharmacology programme 
in FDA.  
   •      Establishes new requirements for phase IV studies 
that the manufacturer has agreed to conduct as a 
condition for NDA approval.  
   •      Requires notice to FDA from the sole manufacturer 
of a life - supporting product 6 months before the 
manufacturer discontinues production.  
   •      Establishes national uniformity in the regulation of 
non - prescription drugs.  
   •      Requires the label of a non - prescription drug to 
bear the quantity or the proportion of each active 
ingredient.  
   •      Requires the label of a non - prescription drug to 
bear the name of each inactive ingredient, listed in 
alphabetical order.  
   •      Authorises manufacturers of new drugs to dissemi-
nate information on unapproved (off - label) uses of 
approved products under very limited conditions.  
   •      Authorises expanded access to drugs that are still 
undergoing investigation for serious diseases and 
conditions.  
   •      Attempts to reduce the disincentives to the submis-
sion of supplemental NDAs by reducing the cost 

address unmet medical needs related to serious or 
life - threatening conditions.  
   •      Establishes a data bank in the NIH to provide infor-
mation on research relating to new drugs for serious 
or life - threatening diseases, for use by the general 
public.  
   •      Establishes new criteria for permitting health care 
economic information relating to new drugs in label-
ling and advertising.  
   •      Clarifi es the requirements for NDA approval to 
say that data from one adequate and well - controlled 
study, together with confi rmatory evidence, may, in 
the discretion of FDA, constitute substantial evidence 
of effectiveness of a new drug.  
   •      Requires FDA to consult with the NIH and repre-
sentatives of the pharmaceutical industry to review 
and develop guidance on the inclusion of women and 
minorities in clinical trials.  
   •      Adds a provision that is intended to reduce the 
number of post - market manufacturing changes 
requiring FDA approval and otherwise to make it 
easier to implement manufacturing changes for 
approved new drugs.  
   •      Reduces the amount of information required to be 
submitted to FDA as part of an IND application.  
   •      Clarifi es the power of FDA to prevent or halt a 
clinical investigation of a new drug through use of a 
clinical hold.  
   •      Requires FDA to issue guidance describing when 
abbreviated reports may be submitted in lieu of full 
reports for clinical and non - clinical studies required 
to be included in an NDA.  
   •      Requires FDA to issue guidance for NDA reviewers 
relating to promptness in conducting the review, tech-
nical excellence, lack of bias and confl ict of interest, 
and knowledge of regulatory and scientifi c standards.  
   •      Requires FDA to meet with a sponsor upon reason-
able written request for the purpose of reaching 
agreement on the design of pivotal trials (a Special 
Protocol Assessment), and provides that, after testing 
begins, the agreement cannot be changed unilaterally 
by FDA unless the director of the reviewing division 
issues a written decision that the change must be 
made because of a safety or effectiveness issue identi-
fi ed after the testing has begun.  
   •      Provides that a decision by the reviewing division 
is binding on FDA fi eld and compliance personnel 
unless the reviewing division agrees to change its 
decision.  
   •      States that no action of the reviewing division 
may be delayed based on a delay in action by fi eld 
personnel.  
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   •      Authorises FDA to enter into contracts with any 
organisation or individual with relevant expertise to 
review and evaluate any application or submission for 
the approval or classifi cation of an article, for the 
purpose of making recommendations to the agency 
on the matter.  
   •      Provides that a person who submits an application 
or other submission under the FD & C Act may ask 
FDA for a determination respecting the proper regu-
latory classifi cation of the product and the organisa-
tion within FDA that will regulate the product.  
   •      Requires registration of foreign drug establishments.  
   •      Establishes a rebuttable presumption of interstate 
commerce for drugs.  
   •      Provides that any report or information relating to 
the safety of a drug that is submitted to FDA shall not 
be construed to refl ect necessarily a conclusion that 
the report constitutes an admission that the product 
caused or contributed to an adverse experience.  
   •      Repeals the former provision in the FD & C Act 
that prohibited any representation in labelling or 
advertising that FDA had approved an application for 
a new drug.    
 It has taken years for FDA to implement these provi-
sions, and some of them remain to be addressed.  

Medicine Equity and Drug Safety
Act of 2000 
 The Prescription Drug Marketing Act of 1987 prohib-
ited the reimportation into the USA of any prescrip-
tion drug that had been exported. In response to 
public concern about the high cost of prescription 
drugs in the USA, Congress passed the Medicine 
Equity and Drug Safety Act of 2000  [56]  to authorise 
the reimportation of prescription drugs if the Secre-
tary of HHS certifi es to Congress that its implemen-
tation would impose no risk to the public health and 
safety and that it would result in a signifi cant reduc-
tion of the cost of covered products to the US con-
sumer. The Secretary of HHS under both the Clinton 
and the Bush administrations determined that these 
certifi cations could not be made and this law has 
therefore never been implemented.  

Best Pharmaceuticals for Children  Act
 The paediatric drug testing provisions in the FDA 
Modernization Act of 1997 had an automatic 5 - year 
sunset limitation. In January 2002, Congress enacted 
the Best Pharmaceuticals for Children Act  [57]  reau-
thorising these provisions, with changes, for another 
5 years. The 2002 Act, like the 1997 provisions, relies 
upon incentives for voluntary industry testing of 

and increasing the effi ciency of handling them 
within FDA.  
   •      Establishes dispute resolution mechanisms for 
the resolution of scientifi c controversies relating to 
new drugs.  
   •      Requires FDA to promulgate a regulation regarding 
the development, issuance and use of guidance docu-
ments, and requires FDA to ensure that employees do 
not deviate from guidance without appropriate justi-
fi cation and supervisory concurrence.  
   •      Establishes a statutory mission statement for FDA, 
which includes both the promotion of public health 
by taking appropriate action on the marketing of 
regulated products in a timely manner and the pro-
tection of public health by ensuring that regulated 
products are safe, effective and properly labelled.  
   •      Requires FDA to publish a plan to bring the agency 
into compliance with each of the obligations estab-
lished under the FD & C Act, and to review and revise 
the plan biennially.  
   •      Requires FDA to publish an annual report in 
the Federal Register on its performance under the 
agency plan.  
   •      Requires FDA to establish an information system 
regarding all submissions to the agency requesting 
agency action.  
   •      Requires FDA to provide training and education 
programmes for employees relating to their regula-
tory responsibilities.  
   •      Requires FDA to support the offi ce of the US 
Trade Representative to reduce the burden of reg-
ulation and harmonise international regulatory 
requirements consistent with the purposes of the 
FD & C Act.  
   •      Requires FDA support of efforts to move towards 
the acceptance of mutual recognition agreements 
between the European Union and the USA.  
   •      Requires FDA to participate in meetings with 
foreign governments to discuss and reach agreement 
on methods and approaches to harmonise regulatory 
requirements.  
   •      Provides that an environmental impact statement 
prepared in accordance with FDA regulations shall be 
considered to meet the requirements of the National 
Environmental Policy Act, notwithstanding any other 
provision of law.  
   •      Requires FDA to implement programmes and poli-
cies that will foster collaboration between FDA, NIH 
and other science - based federal agencies in order to 
enhance the scientifi c and technical expertise availa-
ble to FDA in discharging its duties with respect to 
regulating drugs.  
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for another 5 years. Because both largely enacted pro-
visions that followed existing FDA policy and prac-
tice, it is primarily the discretionary action of 
individual FDA employees that has determined how 
the IND/NDA provisions are implemented. As in 
1997, however, the 155 - page statute contains an 
impressive array of new powers.
    •      Reauthorises prescription drug user fees for another 
5 years.  
   •      Authorises user fees to support FDA review of 
direct - to - consumer advertising of prescription drugs.  
   •      Reauthorises the Pediatric Research Equity Act for 
another 5 years.  
   •      Reauthorises the Best Pharmaceuticals for Children 
Act for another 5 years.  
   •      Established the Reagan – Udall Foundation for the 
FDA as a private – public partnership to modernise 
medical product development, accelerate innovation 
and enhance product safety.  
   •      Tightens confl ict of interest requirements for FDA 
advisory committee members.  
   •      Expands and makes mandatory the registration of 
all clinical trials except phase I on  ClinicalTrials.gov .  
   •      Requires the disclosure of the results of clinical 
trials for approved drugs in a new database.  
   •      Authorises FDA to require drug labelling changes.  
   •      Authorises FDA to require phase IV testing relating 
to drug safety.  
   •      Establishes a public – private partnership for a 
system of active post - market surveillance of drug 
safety.  
   •      Establishes civil money penalties as an enforcement 
tool for specifi ed violations.  
   •      Authorises FDA to require a risk evaluation and 
mitigation strategy (REMS) to assure that a drug ’ s 
benefi ts outweigh its risks.  
   •      Increases the security of the drug supply.  
   •      Prevents the abuse of citizen petitions to delay 
approval of generic drugs.  
   •      Requires FDA to make publicly available FDA doc-
uments supporting approval of an NDA.  
   •      Requires a new internet website that will consoli-
date drug safety information about all approved 
products.  
   •      Requires FDA to post on the internet the approved 
physician labelling within 21 days after approval or 
any change.  
   •      Requires FDA to screen adverse events biweekly and 
post new safety information quarterly.  
   •      Requires FDA to review all phase IV testing com-
mitments each year to determine whether any should 
be revised or eliminated.  

drugs used for children. It was similarly revised and 
extended for another 5 years in 2007  [58] . In 2012, 
the statute was made permanent  [59] .  

Public Health Security and Bioterrorism 
Preparedness and  Response Act of 2002 
 Congress passed the Public Health Security and Bio-
terrorism Preparedness and Response Act of 2002 
 [60]  as part of the Homeland Security Act, in response 
to the terrorism attacks of 11 September 2001. The 
new law contains several provisions that are designed 
to strengthen the public health system generally, 
and the availability of drugs, biological products 
and medical devices for countering bioterrorism in 
particular.  

Pediatric  Research  Equity Act of 2003 
 Following enactment of the Best Pharmaceuticals for 
Children Act in 2002, a court ruled that the FDA 
regulation requiring mandatory paediatric testing of 
new drugs is not authorised under the FD & C Act and 
is thus illegal  [61] . Congress responded by enacting 
the Pediatric Research Equity Act of 2003  [62] , pro-
viding specifi c authorisation for FDA to require man-
datory paediatric testing for new drugs. The statute 
was reauthorised in 2007 for another 5 years  [63]  and 
was made permanent in 2012  [64] .  

Pandemic and  All-Hazards  Preparedness 
Act of 2006 
 Congress enacted the Pandemic and All - Hazards Pre-
paredness Act of 2006  [65]  to designate the Secretary 
of HHS as responsible for all federal action taken in 
response to any public health emergency, such as 
an infl uenza pandemic. The 2006 Act created the 
Biomedical Advanced Research and Development 
Authority to facilitate the research, development and 
stockpiling of drugs and biological products for use 
as security countermeasures or to combat pandemics 
or epidemics  [66] .  

Food and  Drug Administration 
Amendments Act of 2007 
 When the Republicans retook the House and Senate 
in 1994, they enacted the FDA Modernization Act of 
1997 in an attempt to reform the IND/NDA system 
in order to expedite the approval of new drugs. After 
the Democrats retook the Senate in 2004 and the 
House in 2006, they enacted the FDA Amendments 
Act of 2007  [67]  in an attempt to reform the IND/
NDA system in order to slow down the approval of 
new drugs, as part of the reauthorisation of PDUFA 
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Hatch – Waxman Act FDA may approve a biosimilar 
BLA once the 12 years of market exclusivity is over 
regardless of the patent status of the pioneer biologi-
cal drug. The Biosimilars Act contains a very detailed 
and complex procedure by which a biosimilar manu-
facturer may challenge the pioneer manufacturer ’ s 
patents in the courts while the 12 - year period of 
market exclusivity is running.  

Physician Payment Sunshine Act of 2010 
 As part of the controversial Patient Protection and 
Affordable Care Act of 2010  [71]  which reformed 
the US health care system, Congress established new 
requirements relating to pharmaceutical industry 
payments to physicians and teaching hospitals  [72] . 
Drug manufacturers must report to HHS the identity 
of the recipient, the amount of the payment, the 
reason for the payment and any drug that is involved. 
These reports will then be made public. Comparable 
laws in the states are preempted. 

 The 2010 Act also provides that records on the 
distribution of drug samples that a drug manufac-
turer or distributor is required to maintain under the 
Prescription Drug Marketing Act of 1987 must now 
be provided to HHS annually.  

Food and  Drug Administration  Safety
and Innovation Act of 2012 
 Beginning in early 2011, FDA, the pharmaceutical 
industry, and interested organisations became en -
gaged in developing PDUFA V  –  the fi fth version of 
the legislation authorising prescription drug user 
fees. Like the 1997 and 2007 versions of this legisla-
tion, the 139 - page FDA Safety and Innovation Act of 
2012  [73]  includes important substantive amend-
ments to the IND/NDA process. It also for the fi rst 
time establishes user fees for human genereic drugs 
 [74]  and for biosimilar biological products  [75] . To 
summarise, the 2012 statute contains the following 
provisions.
    •      Reauthorises prescription drug user fees for another 
5 years.  
   •      Reauthorises medical device user fees for another 
5 years.  
   •      Establishes generic drug user fees for 5 years.  
   •      Establishes biosimilar biological product user fees 
for 5 years.  
   •      Makes the Best Pharmaceuticals for Children Act 
permanent.  
   •      Makes the Pediatric Research Equity Act of 2003 
permanent.  
   •      Amends both pediatric statutes.  

   •      Requires FDA to establish an Advisory Committee 
on Risk Communication.  
   •      Requires FDA to issue guidance on clinical trials for 
antibiotic drugs.  
   •      Requires FDA to issue a priority review voucher, 
which can be sold to another company, to any fi rm 
that obtains an approval of a new drug to treat a 
neglected or tropical disease.    
 The impact of these provisions on the development 
of drugs has been substantial.  

Biologics Price Competition and 
Innovation Act of 2009 
 When Congress enacted the Drug Price Competition 
and Patent Term Restoration Act in 1984  [68]  to 
authorise FDA to approve generic versions of pioneer 
drugs by an abbreviated NDA or Section 505(b)(2) 
NDA, it included chemical drugs but excluded 
biological drugs. Twenty - fi ve years later, Congress 
enacted a very different regulatory programme 
authorising FDA to approve what are commonly 
referred to as  ‘ biosimilar ’  biological drugs under the 
Biologics Price Competition and Innovation Act of 
2009  [69] , which was actually enacted in 2010 as part 
of the controversial Patient Protection and Affordable 
Care Act  [70]  that reformed the US health care 
system. 

 The Biosimilars Act, as it is commonly called, rec-
ognises that, because biological drugs are made from 
natural biological materials, unlike generic chemical 
drugs no two biological products are the same. The 
Biosimilars Act therefore authorises FDA to approve 
a biological drug that is  ‘ highly similar ’  to a pioneer 
licensed biological drug  ‘ notwithstanding minor dif-
ferences in clinically inactive components ’ . The Act 
requires that there be no clinically signifi cant differ-
ence between the biosimilar drug and the pioneer 
biological product. Any change from the pioneer bio-
logical product requires a full Biological Licence 
Application (BLA). There is no provision for a  ‘ paper ’  
BLA comparable to a Section 505(b)(2) NDA. Other-
wise, all of the provisions applicable to NDAs and 
BLAs also apply to a biosimilar BLA. 

 Under the market exclusivity provisions of the 
Biosimilars Act, no biosimilar drug can be licensed 
by FDA for 12 years following the approval of the 
pioneer BLA (as contrasted with the 5 years of market 
exclusivity for a chemical drug under the Hatch –
 Waxman Act). Although the manufacturer of a 
pioneer biological drug retains the right to enforce 
any applicable patents against a biosimilar drug after 
the 12 years of market exclusivity expire, unlike the 
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   •      Establishes a new criminal offence of traffi cking in 
counterfeit drugs.  
   •      Requires the Attorney General to give increased 
priority to deal with counterfeit drugs.  
   •      Provides extraterritorial jurisdiction over any viola-
tion of the FD & C Act if the article was intended for 
import into the USA, or any act in furtherance of the 
violation was committed in the USA.  
   •      Establishes substantial new incentives for the devel-
opment of a new qualifi ed infectious disease product 
intended to treat serious or life - threatening infec-
tions, including a 5 - year extension of the market 
exclusivity period that currently applies.  
   •      Amends the current statutory provisions authoris-
ing FDA to provide accelerated approval to a drug 
that treats a serious or life - threatening disease or 
condition to expand the endpoints on which such 
approval can be based.  
   •      Creates a new category for  ‘ breakthrough therapy ’  
for which preliminary evidence indicates that the 
drug may demonstrate substantial improvement over 
existing therapies and for which FDA is required 
to expedite the development and review, including 
accelerated approval.  
   •      Requires FDA to establish a list of external scientifi c 
and medical experts for FDA to consult about applica-
tions for rare diseases or that are genetically targeted.  
   •      Requires drug industry stakeholders to develop best 
practices for pharmacies to ensure that blind or visu-
ally impaired individuals have safe, consistent, relia-
ble and independent access to the information on 
prescription drug container labels.  
   •      Retains the current statutory criteria for FDA 
review of a drug application but adds a requirement 
that FDA must implement a structured, balanced and 
consistent risk – benefi t assessment framework in the 
new drug approval process.  
   •      Reauthorises the Orphan Products Grant Program.  
   •      Requires FDA to issue a report on the extent to 
which demographic subgroup data are currently 
included in drug applications and then to issue an 
action plan for improving the availability of such data 
in the future.  
   •      Establishes a rare paediatric disease priority review 
voucher programme similar to the existing one for 
tropical diseases, under which an applicant obtains a 
priority review voucher and a special user fee when 
FDA approves an application for a rare paediatric 
disease product that primarily affects individuals 
under 18 years old.  
   •      Requires the sole manufacturer of a drug that is 
life - supporting, life - sustaining or intended to prevent 

   •      Amends the drug establishment registration 
requirements.  
   •      Requires FDA to establish a unique drug facility 
identifi er system.  
   •      Requires registration by all domestic and foreign 
drug establishments and importers.  
   •      Provides that any drug manufactured in an unreg-
istered drug establishment anywhere in the world is 
illegal in the USA.  
   •      Requires registered drug establishments to submit 
to FDA detailed information on each excipient used 
in a listed drug.  
   •      Requires FDA to establish a unique electronic drug 
establishment identifi er system containing establish-
ment registration and drug listing information.  
   •      Requires FDA to establish a risk - based inspection 
schedule for both domestic and foreign drug estab-
lishments, based on six statutory criteria.  
   •      Authorises FDA to require drug manufacturers 
to submit to FDA records that are subject to FDA 
inspection in either electronic or physical form in 
advance of or in lieu of a physical inspection.  
   •      Provides that a drug is deemed adulterated if 
the establishment where it is manufactured delays, 
denies, limits or refuses an inspection, as defi ned by 
guidance.  
   •      Authorises FDA to destroy any drug valued at less 
than $2500 that is refused admission for import, after 
an opportunity for a hearing.  
   •      Requires a drug importer electronically to submit 
to FDA information demonstrating that the drug 
complies with the applicable requirements of the 
FD & C Act.  
   •      Requires commercial importers of drugs to register 
with FDA and comply with good importer practices.  
   •      Expands FDA administrative detention authority to 
include drugs.  
   •      Excludes enforcement information received by 
FDA from a foreign government from public 
disclosure.  
   •      Authorises FDA to exchange industry trade secret 
information with a foreign country under an agree-
ment of confi dentiality.  
   •      Extends the requirement of drug GMP to include 
raw materials.  
   •      Authorises FDA to require drug manufacturers and 
distributors to notify FDA that use of a drug that may 
result in serious injury or death has been stolen, or is 
a counterfeit.  
   •      Increases the criminal penalties for intentional 
adulteration of a drug that may cause serious adverse 
health consequences or death.  
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   •      Requires FDA to develop a regulatory strategy and 
science implementation plan for advancing regula-
tory science and innovation in regulatory decision -
 making, and requires FDA to report to Congress 
annually on regulatory science.  
   •      Requires FDA to submit a report to Congress on 
a comprehensive information technology strategic 
plan, and requires the Government Accountability 
Offi ce to issue a report on the FDA plan and its 
implementation.  
   •      Requires FDA to intensify and expand activities 
relating to nanotechnology.  
   •      Requires the Government Accountability Offi ce to 
submit a report to Congress on internet pharmacies 
that violate federal and state law.  
   •      Requires FDA to submit a report to Congress on its 
small business activities.  
   •      Establishes whistle - blower protections for the 
Commissioned Corps of the Public Health Service, 
which includes many FDA employees.  
   •      Establishes effectiveness dates for the FDA fi nal 
monograph on non - prescription sunscreen drugs.  
   •      Requires FDA to submit to Congress a strategic 
integrated management plan for the Centers regulat-
ing drugs and devices.  
   •      Authorises a holder of an approved drug applica-
tion to propose changes in a REMS without the need 
for an assessment of the REMS, and establishes dead-
lines for the FDA action on the proposal.  
   •      Revises the requirements for a REMS assessment.  
   •      Revises the provisions relating to the 180 - day exclu-
sivity period for an abbreviated NDA.  
   •      Requires FDA to respond within 270 days to a 
citizen petition asking for a determination whether 
a drug was withdrawn for safety or effectiveness 
reasons.  
   •      Shortens the time from 180 days to 150 days within 
which FDA must respond to a citizen petition 
requesting a delay in an abbreviated NDA or a Section 
505(b)(2) NDA, and expands this provision to 
include biosimilar applications.  
   •      Requires sponsors to submit drug applications elec-
tronically beginning at least 2 years after FDA issues 
fi nal guidance.  
   •      Requires FDA to develop strategies to solicit views 
of patient representatives during the drug develop-
ment process.  
   •      Requires FDA to review and modify its com-
munication plan to inform and educate health care 
providers and patients on the risks and benefi ts of 
medical products, focusing on underrepresented 
subpopulations.  

a debilitating disease or condition to report to FDA 
the permanent discontinuance of the manufacture of 
the drug or any interruption in manufacture that is 
likely to lead to a meaningful disruption in the US 
supply, at least 6 months prior to such discontinuance 
or interruption or as soon as practicable.  
   •      Authorises FDA to expedite drug application 
reviews or establishment inspections in order to help 
mitigate or prevent a drug shortage.  
   •      Requires FDA to submit an annual report to 
Congress on drug shortages and to establish a task 
force to develop and implement a drug shortage stra-
tegic plan.  
   •      Requires FDA to evaluate the potential impact of a 
drug shortage when considering enforcement action 
or a warning letter.  
   •      Requires FDA to maintain an up - to - date list of 
drugs that are in shortage.  
   •      Requires the Drug Enforcement Agency to give 
expedited review to a request for an increase in the 
quota for a controlled substance in order to address 
a shortage and to submit a report to Congress on 
shortages of controlled substances.  
   •      Exempts a hospital that repackages drugs for trans-
fer to another hospital within the same health system 
from the requirement of establishment registration 
for a drug on the FDA drug shortage list.  
   •      Requires the Comptroller General of the USA to 
study the causes of drug shortages and to develop 
recommendations to prevent or alleviate shortages.  
   •      Extends for 5 more years the power of a manufac-
turer of a single enantiomer of a previously approved 
racemic drug to elect to have the single enantiomer 
not be considered the same active ingredient as that 
contained in the approved racemic drug.  
   •      Reauthorises for 5 more years the FDA Critical Path 
Initiative.  
   •      Establishes a new regulatory system for medical gas.  
   •      Requires FDA to issue guidance on the promotion 
of medical products using the internet, including 
social media.  
   •      Requires FDA to prepare a report on ways to combat 
prescription drug abuse and to issue guidance on the 
development of abuse - deterrent drug products.  
   •      Requires FDA to work with international organisa-
tions to encourage uniform clinical trial standards 
and parallel scientifi c advice to manufacturers seeking 
global development of new products.  
   •      Requires FDA to accept foreign clinical trials if they 
are adequate under FDA approval standards, and to 
explain in writing any determination that a foreign 
trial is not adequate.  
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Medical devices
 Medical devices were fi rst made subject to FDA regu-
lation under the FD & C Act of 1938. At that time, 
the statute included no requirement for premarket 
testing or approval. Congress enacted the Medical 
Device Amendments of 1976  [83]  to require premar-
ket notifi cation for most medical devices, and pre-
market approval for some old and new devices for 
which there was no adequate assurance of safety and 
effectiveness. The 1976 Amendments established a 
broad new array of statutory requirements and en -
forcement provisions. This new regulatory approach 
was supplemented by the Safe Medical Devices Act of 
1990  [84]  and further refi ned by the Medical Device 
Amendments of 1992  [85] , the Food and Drug 
Administration Modernization Act of 1997  [86] , the 
Medical Device User Fee and Modernization Act of 
2002  [87] , the Medical Devices Technical Corrections 
Act of 2004  [88] , the FDA Amendments Act of 2007 
 [89]  and the FDA Safety and Innovation Act of 
2012  [90] .   

Two  classes of drug products 

 There are two classes of drugs under the FD & C 
Act in the USA: non - prescription and prescription. 
Neither the Federal Food and Drugs Act of 1906 nor 
the FD & C Act of 1938 distinguished between non -
 prescription and prescription drugs or established a 
class of mandatory prescription drugs. Shortly after 
the FD & C Act was enacted in 1938, however, FDA 
promulgated regulations establishing criteria for a 
class of drugs that could only lawfully be sold by 
prescription  [91] . Those regulations were later codi-
fi ed into law by Congress in the Durham – Humphrey 
Amendments of 1951  [92] . Under this statute, pre-
scription status is mandatory for drugs that are not 
safe for use except under a practitioner ’ s supervision, 
and drugs limited to prescription sale under an NDA. 
The statutory criteria for determining prescription 
status are toxicity, other potential for harmful effect, 
and the method of use and collateral measures neces-
sary to use the drug. In all instances today, the pre-
scription or non - prescription status of a new drug is 
determined by the NDA. 

 A drug may be switched by FDA from prescription 
to non - prescription status  [93] . Prior to 1970 this was 
most often accomplished by FDA promulgation of 
a regulation. During 1970 – 1990, a switch from pre-
scription to non - prescription was most frequently 
accomplished as part of the FDA OTC Drug Review, 

   •      Requires FDA to hold a hearing on making a sched-
uling recommendation to the Drug Enforcement 
Agency for combinations of hydrocodone with other 
drugs.  
   •      Requires the Government Accountability Offi ce to 
complete a study on the use of electronic patient drug 
labelling for prescription drugs to substitute for tra-
ditional paper labelling.  
   •      Requires FDA and the Drug Enforcement Agency 
to submit a report to Congress on interopera -
bility standards for the exchange of prescription 
information by states to prevent prescription drug 
diversion.  
   •      Repeals the provisions of the FDA Amendments 
Act of 2007 designed to limit confl icts of interest for 
advisory committee members.  
   •      Requires FDA to seek input from professional 
societies, government agencies and stakeholders in 
recruiting advisory committee members.  
   •      Revises the content of the report FDA is required 
to submit to Congress each year on FDA advisory 
committees.      

Other pharmaceutical products 

 In addition to biological and chemical drugs, two 
other categories of pharmaceutical products deserve 
brief mention: animal drugs and human medical 
devices. Both are beyond the scope of the present 
chapter. 

Animal drugs
 Under the Federal Food and Drugs Act of 1906 and 
the FD & C Act of 1938, animal feed and drugs were 
regulated under the same provisions as human food 
and drugs. A separate statute, the Animal Virus, 
Serum and Toxin Act of 1913  [76] , was enacted by 
Congress to authorise USDA to regulate biological 
drugs intended for use in animals, and USDA retains 
jurisdiction over that statute to this day. To simplify 
FDA regulation of animal feed and drugs, Congress 
enacted the Animal Drug Amendments of 1968  [77] . 
Following the approach of the 1984 statute authoris-
ing FDA approval of generic versions of human new 
drugs, Congress also enacted the Generic Animal 
Drug and Patent Term Restoration Act of 1988  [78] . 
The animal drug provisions of the FD & C Act have 
also been amended by the Animal Drug Availability 
Act of 1996  [79] , the Animal Drug User Fee Acts of 
2003  [80]  and 2008  [81] , and the Minor Use and 
Minor Species Animal Health Act of 2004  [82] .  
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   •      the failure to meet packaging and labelling re -
quirements established by the United States 
Pharmacopeia;  
   •      the failure to use packaging and labelling to reduce 
product deterioration;  
   •      danger to health when used as recommended in the 
labelling; and  
   •      the failure to comply with a large number of other 
statutory requirements, including drug establishment 
registration and product listing, and poison preven-
tion and tamper - resistant packaging.    

 The adulteration and misbranding provisions 
of the statute itself are continually expanded by 
FDA regulations that impose additional requirements 
either for all non - prescription drugs or for specifi c 
categories. Accordingly, current requirements can be 
determined only by consulting FDA regulations and 
other policy statements, as well as the statute itself.  

IND/NDA system
 Since 1938, non - prescription drugs have been subject 
to the new drug provisions of the Act as well as the 
adulteration and misbranding provisions. As a practi-
cal matter, however, the new drug provisions cover 
only those non - prescription drugs that have been 
switched from prescription status through a supple-
mental NDA. Almost all new chemical entity drugs 
are initially restricted by FDA to prescription status. 
Only a handful of new chemical entity drugs that 
require an NDA  –  perhaps one per decade  –  are mar-
keted initially with non - prescription status. For those 
non - prescription drugs that do go through the IND/
NDA system, the requirements are no different than 
for a prescription drug. These requirements are dis-
cussed in detail below.  

OTC Drug Review
 During the period beginning with enactment of the 
new drug provisions in the FD & C Act in 1938 and 
ending with enactment of the Drug Amendments 
of 1962, there were approximately 420 NDAs that 
became effective for non - prescription drugs. Many of 
these NDAs were for long - established ingredients for 
which no NDA was actually required, but it was so 
simple to obtain an effective NDA during that time 
that many were submitted simply to obtain a per-
ceived marketing advantage. As part of the Drug 
Amendments of 1962, FDA was required to review 
these 420 NDAs and to determine whether the drugs 
were effective as well as safe. Rather than limit its 
inquiry to these 420 specifi c non - prescription drug 
products, FDA decided instead to broaden the scope 

discussed in detail below. Now that the OTC Drug 
Review is substantially complete, and with the avail-
ability of market exclusivity under the Drug Price 
Competition and Patent Term Restoration Act of 
1984, a switch from prescription to non - prescription 
status is accomplished primarily through a supple-
mental NDA. 

 Non - prescription drugs may be sold at any kind of 
retail store in the USA, ranging from a pharmacy to 
a grocery store or a petrol fi lling station. There are no 
criteria or limitations on their method of distribution 
and sale. Pharmacy groups have contended that FDA 
should establish a  ‘ third class ’  of drugs that would be 
available only through a pharmacy, and have used 
prescription drugs that are in the process of being 
switched to non - prescription status as examples of 
the need for such a new class. FDA has declined to 
establish such a third class, on both policy and legal 
grounds  [94] . First, FDA has stated that any drug 
switched by the agency from prescription to non -
 prescription status is suffi ciently safe for sale in any 
retail establishment, and that a requirement limiting 
sale to a pharmacy would provide an unjustifi ed 
monopoly to pharmacists. Secondly, FDA has stated 
that the FD & C Act provides no authority for FDA to 
restrict distribution of a non - prescription drug to 
pharmacies. In a number of instances, however, drug 
companies have voluntarily placed non - prescription 
drugs behind the counter, either for safety or for mar-
keting reasons.  

Regulation of non-prescription  drugs

Adulteration and  misbranding 
 Since 1906, the adulteration or misbranding of a non -
 prescription drug has been illegal in the USA  [95] . 
Both  ‘ adulteration ’  and  ‘ misbranding ’  are terms of art, 
defi ned in the FD & C Act. Adulteration includes such 
acts as the failure to comply with GMP; the use of a 
container that may render the contents injurious to 
health; the use of an illegal colour additive; failure to 
comply with United States Pharmacopeia require-
ments; failure to meet labelled strength or purity; and 
related prohibited acts. Misbranding includes such 
labelling violations as any false or misleading label-
ling and:
    •      the failure to contain mandatory information relat-
ing to the name and address of the manufacturer and 
the net quantity of contents;  
   •      the failure to bear adequate directions for use and 
warnings against unsafe use;  
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drugs must comply with the general adulteration and 
misbranding provisions of the law, including GMP, 
establishment registration and drug listing.  

Tamper -resistant packaging
 In September 1982, it was discovered that several 
people living in Chicago had died from cyanide poi-
soning after taking Extra - Strength Tylenol capsules. 
FDA promptly promulgated regulations requiring 
tamper - resistant packaging for most non - prescription 
drug products  [98] . Congress followed by enacting 
the Federal Anti - Tampering Act of 1983  [99] , which 
makes it a crime to tamper with a consumer product 
with reckless disregard for the risk of persons or with 
intent to cause injury to a business. A number of 
individuals have been prosecuted for illegal tamper-
ing under this statute.  

Non-prescription  drug labelling
 Based on an extensive rulemaking, the FDA prom-
ulgated regulations in March 1999 establishing 
completely new labelling requirements for all non -
 prescription drug products  [100] . The new regula-
tions require the use of a  ‘ Drug Facts ’  box using a 
standardised format and type size. The new labelling 
requirements are being phased in, in coordination 
with the development of fi nal monographs for non -
 prescription drugs. Industry has petitioned FDA for 
modifi cation of some of the new requirements, and 
changes may be adopted through revision of the new 
labelling regulations, revisions of individual mono-
graphs or the issuance of guidance.  

Non-prescription  drug advertising
 In 1914, Congress enacted a statute to prohibit unfair 
methods of competition and created the Federal 
Trade Commission (FTC) to implement this new law 
 [101] . The FTC and the courts interpreted unfair 
methods of competition to include false or mislead-
ing labelling and advertising of non - prescription 
drugs and other consumer products. In 1933, when 
the legislation that became the FD & C Act was fi rst 
introduced, it proposed to transfer the jurisdiction 
over food and drug advertising from the FTC to FDA. 
Not surprisingly, the FTC objected. Congress ulti-
mately resolved this controversy in 1938, by enacting 
both the Wheeler – Lea Amendments to the FTC Act 
 [102]  and the FD & C Act. Congress gave the FTC 
jurisdiction over advertising and FDA jurisdiction 
over labelling. However, because the FTC was also 
given jurisdiction over all unfair or deceptive acts or 
practices, it has jurisdiction over labelling as well as 

of its review to all active ingredients used in all non -
 prescription drugs on the market at that time. The 
agency also decided to review the safety and labelling 
as well as the effectiveness of the active ingredients in 
these products. 

 In 1972, FDA announced the beginning of its 
massive OTC Drug Review  –  the largest and most 
extensive review of the safety, effectiveness and label-
ling of non - prescription drugs ever undertaken  [96] . 
FDA established panels of experts to review individ-
ual categories of non - prescription drugs and to 
prepare reports on their conclusions and recom-
mendations. Those reports were published as pro-
posed monographs establishing the conditions for 
safe, effective and properly labelled non - prescription 
drugs within each category. Following public 
comment, FDA published a tentative fi nal mono-
graph. Following additional public comment and 
potentially a public hearing before the Commis-
sioner, FDA established the fi nal monograph. The 
documents that comprise these public proceedings 
represent an extremely important record of the status 
of non - prescription drug active ingredients and fi n-
ished products in the USA. 

 By the early 1980s, all of the FDA panels had com-
pleted their deliberations and issued their reports. 
Because the industry largely followed the conclusions 
and recommendations of these reports, most of the 
impact of the OTC Drug Review has already been 
refl ected in the marketplace. Nonetheless, a number 
of monographs remain to be completed and it will be 
some years before the OTC Drug Review is fully 
fi nished. 

 An OTC drug monograph establishes those condi-
tions under which a non - prescription drug is gener-
ally recognised as safe, effective and properly labelled, 
and thus may be lawfully marketed in the USA 
without the need for an NDA or any other type of 
FDA approval. Any person may market a non -
 prescription drug in the USA in compliance with one 
of these monographs (or, where no fi nal monograph 
has been issued, in accordance with a tentative fi nal 
monograph). One of the major purposes behind the 
OTC Drug Review was to establish, by regulations, 
the criteria under which an NDA is not required. 
Where a product is marketed with any deviation from 
an OTC drug monograph, however, some form of 
NDA is required in order to justify that deviation 
before marketing will be permitted  [97] . In short, 
complete compliance with an OTC drug monograph 
guarantees immediate marketing without any form 
of premarket approval. Of course, all non - prescription 
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become effective or to disapprove it, but not affi rma-
tively to approve an NDA. If FDA took no action 
within 60 days after the fi ling of an NDA, the NDA 
automatically became effective and the drug could 
lawfully be marketed. 

 During the fi rst few years after 1938, the pharma-
ceutical industry submitted thousands of NDAs. 
Because FDA was unprepared to deal with this large 
number, it advised drug manufacturers that NDAs 
were not required for  ‘ old drugs ’  that were generally 
recognised as safe (GRAS), and in fact refused to 
accept NDAs for these drugs. This substantially 
reduced the numbers of NDAs that were submitted 
to, and accepted by, FDA. For example, more than 
4000 NDAs had been submitted by 1941, but by 1962 
NDAs for only 9457 individual drug products had 
become effective. Most prescription drugs were mar-
keted on the conclusion of FDA or the manufacturer 
that they were GRAS, and hence old drugs that did 
not require an NDA. 

 Following enactment of the Drug Amendments of 
1962, FDA immediately encountered two problems. 
First, the pharmaceutical industry submitted a sub-
stantially increased number of INDs and NDAs, 
which again overwhelmed the resources of FDA to 
deal with them. Secondly, the 1962 Amendments 
required FDA to review all of the NDAs that had 
become effective between 1938 and 1962 on the basis 
of a demonstration of safety, and to determine 
whether these drugs were also effective. Because of 
the overwhelming number of current INDs and 
NDAs for new products, FDA had no resources to 
devote to this requirement. Accordingly, in June 1966 
the FDA contracted with the National Academy of 
Sciences (NAS) to conduct the review of 1938 – 1962 
NDAs. 

 The NAS review was conducted by panels of 
experts in specifi c drug categories. Drugs were rated 
in one of the following six categories:
1.     effective;  
2.     probably effective;  
3.     possibly effective;  
4.     ineffective;  
5.     effective but other drugs are preferable; or  
6.     ineffective as a fi xed combination.    
 Because roughly half of the drugs were animal drugs, 
the NAS ultimately reviewed approximately 4000 dif-
ferent human drug formulations. Brief reports, many 
consisting only of a single sentence, were transmitted 
to FDA by the NAS in 1967 – 1968. FDA then under-
took to implement these reports in the form of 
notices published in the Federal Register as part of 

advertising. And because the courts have agreed with 
FDA that the agency may refer to advertising to deter-
mine the proper regulatory classifi cation and require-
ments for a product under the FD & C Act, FDA to 
some extent indirectly regulates advertising. To clarify 
the situation, in September 1971 the FTC and FDA 
entered into a Memorandum of Understanding 
 [103] . Under this agreement, the FTC has primary 
jurisdiction over advertising and FDA has primary 
jurisdiction over labelling of non - prescription drugs 
and other FDA - regulated products.  

Industry self-regulation
 The Consumer Healthcare Products Association, 
the US trade association representing the non -
 prescription drug industry, has established a number 
of voluntary codes and guidelines to supplement FDA 
regulation of non - prescription drugs. Among these 
are recommended package sizes for non - prescription 
drug categories, label  ‘ fl ags ’  to bring the attention of 
consumers to signifi cant product changes, bulk mail 
sampling of non - prescription drugs, expiry dating 
of non - prescription drugs, product identifi cation of 
solid dosage non - prescription drugs and label read-
ability for non - prescription drugs. Although these are 
not legal requirements, they are widely followed in 
the non - prescription drug industry.   

Regulation of prescription  drugs

 It is particularly diffi cult to summarise FDA regula-
tion of prescription drugs. The statutory provisions 
are long and complex, the regulations consume hun-
dreds of pages in the Code of Federal Regulations, the 
preambles cover thousands of pages in the Federal 
Register, and the guidelines and policy directives 
are numerous and diverse. The discussion will there-
fore begin with a historical overview of the develop-
ment of FDA regulation of prescription drugs. This 
is followed by a brief analysis of how the current 
system works. 

 This section is limited to drugs regulated under the 
FD & C Act. Biological drugs are considered in the 
next section. 

Historical overview
 As enacted in 1938, the FD & C Act defi ned a  ‘ new 
drug ’  as any drug that was not generally recognised 
as safe  [104,105] . Section 505 of the 1938 Act pro-
vided that an NDA must be submitted for every new 
drug, and authorised FDA to permit an NDA to 
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fourth in which FDA had prevailed, to the US 
Supreme Court, and in June 1973 the Supreme Court 
sustained FDA on all of the legal issues involved 
 [111] . From then on, the basic approach to FDA 
implementation of the 1962 Amendments was estab-
lished and strengthened. 

 The FDA pace of implementation of the 1962 
Amendments was, however, necessarily slow. The 
American Public Health Association therefore 
brought a lawsuit to require FDA to complete its DESI 
programme for pre - 1962 new drugs, and the federal 
district court entered an order requiring completion 
within 4 years  [112] . Although FDA to this day has 
still not completed this programme, the court order 
did impose a greater sense of urgency and led the 
FDA to devote greater resources to the matter. 

 Throughout this time, FDA was groping for a con-
sistent approach to the handling of generic drugs. 
Initially, it revoked all  ‘ old drug ’  opinion letters. Later, 
it proposed a procedure for determining old drug 
status for products  [113] . Following that, it con-
cluded that an abbreviated NDA should be submitted 
for all generic versions of pre - 1962 new drugs  [114] . 
In 1975, it again reversed itself and decided to develop 
old drug monographs, similar to the non - prescription 
drug monographs, for which an NDA would not be 
required  [115] . Still later, it abandoned that approach 
and again stated that an abbreviated NDA would be 
required for all generic versions of pre - 1962 new 
drugs  [116] . That position was challenged in the 
courts, but was upheld by the Supreme Court  [117] . 

 An attempt was made during 1977 – 1980 to resolve 
all of these issues through a comprehensive revision 
of the new drug provisions of the FD & C Act. The 
legislation passed the Senate in 1979  [118]  but did 
not reach the fl oor of the House and, because the 
legislation was so detailed and complex, it was never 
again seriously considered. 

 By 1980, a new problem had emerged. The FDA 
had administratively created the concept of an abbre-
viated NDA to handle generic versions of pre - 1962 
pioneer new drugs, but there was no similar mecha-
nism for the approval of generic versions of post -
 1962 new drugs. As time went by, more and more 
post - 1962 pioneer new drugs lost patent protection, 
but retained an equivalent protection under the 
FD & C Act because FDA had no authority to approve 
any form of an abbreviated NDA for generic versions 
of these drugs. FDA therefore began to search for a 
solution to this problem. In 1978, FDA announced it 
would approve a  ‘ paper ’  NDA for a generic copy of a 
post - 1962 pioneer new drug based on the published 

what the agency called the Drug Effi cacy Study 
Implementation (DESI) programme. 

 In order to implement the NAS reports, FDA found 
that it must fi rst address a number of important 
policy issues. First, FDA was required to determine 
whether the NAS fi ndings would apply only to the 
pioneer drug for which the NDA was submitted or 
would also apply to all subsequently marketed generic 
versions of the drug. FDA determined that the latter 
approach was required, which led to extensive litiga-
tion. FDA policy on this matter was ultimately upheld 
by the Supreme Court in June 1973  [106] . 

 Secondly, FDA had to confront the fact that prior 
to the 1962 Amendments it had issued hundreds of 
 ‘ old drug ’  opinion letters for generic versions of 
pioneer new drugs. It therefore issued a statement 
of policy in May 1968 revoking all of those opin -
ions  [107] . 

 Thirdly, FDA was confronted with potentially 
thousands of requests for formal trial - type adminis-
trative hearings before it could remove from the 
market pre - 1962 new drugs that were found to be less 
than effective. The requirement of formal adminis-
trative hearings would have effectively precluded 
implementation of the 1962 Amendments. FDA 
resolved this by publishing in the Federal Register 
regulations defi ning the new statutory requirement of 
adequate and well - controlled clinical investigations 
 [108] , and issuing summary judgement notices 
withdrawing approval of new drugs that failed to 
submit clinical studies which met the requirements 
of the new regulations. The regulations defi ning ade-
quate and well - controlled clinical investigations were 
upheld in the courts, and the summary judgement 
procedure was also upheld  [109] . Thus, the number 
of drugs for which formal administrative hearings 
were required was greatly reduced. 

 Fourthly, FDA established a new procedure for 
regulating generic versions of pre - 1962 pioneer drugs 
that were found under the DESI programme to be 
safe and effective. FDA established the  ‘ abbreviated ’  
NDA, which required the submission of information 
to FDA on bioequivalence and manufacturing con-
trols only, and not on basic safety and effectiveness 
 [110] . Any manufacturer who wished to market a 
generic version of a pre - 1962 pioneer drug found to 
be safe and effective under the NAS review could 
obtain FDA approval through an abbreviated NDA. 

 In 1972, 10 years after the 1962 Amendments were 
enacted, three lower court rulings threatened to 
destroy the FDA approach to these matters. The 
agency successfully took all three cases, as well as a 



The regulation of drug products by the US Food and Drug Administration 479

menting the NAS review of pre - 1962 new drugs. 
Where drugs have been found ineffective, most 
have been taken off the market using the summary 
judgement procedure. A few manufacturers have suc-
ceeded in requiring an administrative hearing, but 
none has prevailed before an administrative law 
judge, the Commissioner or the courts. As of mid 
2012, there are still approximately 20 pre - 1962 DESI 
drugs for which FDA has not yet made a fi nal deter-
mination  [126] . 

 In a surprisingly large number of instances, manu-
facturers decided to market new drugs without any 
NDA, and outside the September 1984 FDA policy 
that permits such products if they are identical to old 
products that never had an NDA, solely on the basis 
that they were old drugs because they were generally 
recognised as safe and effective (GRAS and GRAE) 
and therefore did not require an approved NDA. FDA 
brought enforcement actions against dozens of these 
products and, because the agency prevailed in every 
case, this approach is rarely tried today. As indicated 
above, the status of generic versions of both pre - 1962 
and post - 1962 new drugs was settled by Congress in 
the Drug Price Competition and Patent Term Resto-
ration Act of 1984  [127] . That statute will be dis-
cussed in greater detail below. 

 Accordingly, the large conceptual issues that con-
fronted FDA following enactment of the Drug 
Amendments of 1962 have now been resolved, and 
most (but not all) of the large categories of DESI 
prescription drug products on the market have 
been brought under regulatory control. The major 
category of products that remains without any form 
of NDA approval are the pre - 1962 new drugs that 
were never the subject of an NDA and for which FDA 
has not yet conducted some form of regulatory 
review.  

Regulatory categories of prescription  drugs
 There are two primary categories of prescription 
drugs: those not currently subject to any form of 
NDA approval, and those subject to some form of 
NDA approval. 

No NDA 
 Those not subject to any form of NDA approval 
consist largely of products for which an NDA has 
never been required or obtained, and which thus were 
not subject to the NAS review of 1938 – 1962 new 
drugs. This is a narrow category, but in 2006 it 
encompassed about 16,000 drug products and repre-
sented about 2% of all US prescriptions. 

scientifi c data for the drug. This policy was upheld in 
the courts  [119] , but it had relatively little impact 
because there were insuffi cient published animal and 
human data to approve generic versions of most post -
 1962 new drugs. Thus, relatively few paper NDAs 
were approved by FDA. 

 Another drug tragedy in early 1984 focused the 
FDA on yet another aspect of regulating prescription 
new drugs. An intravenous vitamin E product mar-
keted without an NDA produced serious adverse 
reactions that required a nationwide recall  [120] . 
FDA concluded that there were approximately 5000 
prescription drugs marketed without an approved 
NDA of any kind. Some 1800 would eventually be 
subject to the requirement for an abbreviated NDA 
when the DESI programme was fully implemented, 
but another 3200 were never subject to the NAS 
review because they were on the market prior to the 
FD & C Act of 1938, or were otherwise grandfathered. 
In a September 1984 Compliance Policy Guide, FDA 
was forced to concede that these products could 
remain on the market until the agency could fi nd the 
resources to review them and consider appropriate 
regulation  [121] . New versions of these products 
could still be marketed as long as they are identical to 
the previously marketed versions. FDA did promul-
gate a regulation requiring adverse drug reaction 
reports for all prescription drugs marketed without 
an approved NDA, in order to track any potential 
public health problem  [122] , but because FDA failed 
to take action against the vast majority of these unap-
proved drugs, in 2006 it was estimated that they had 
increased to some 16,000 in number and represented 
about 2% of annual prescriptions  [123] . 

 The September 1984 Compliance Policy Guide 
stated that, if one manufacturer of an unapproved 
new drug did obtain FDA approval of an NDA for 
that drug, FDA would remove all other unapproved 
versions of that drug from the market. FDA fi rst 
implemented this policy in 2002 – 2003, when ap -
proximately 66 unapproved versions of long - acting 
guaifenesin were removed from the market by FDA 
following the agency ’ s approval of an NDA for this 
drug. This action prompted FDA to issue an updated 
Compliance Policy Guide in June 2006  [124]  and to 
establish a systematic programme to review and take 
appropriate action with respect to all unapproved 
drugs. In September 2011, FDA announced that new 
versions of an existing unapproved drug will no 
longer be allowed to come on the market  [125] . 

 In the past three decades, FDA has proceeded 
slowly but surely with the DESI programme imple-
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human safety. Animal toxicology testing must be con-
ducted in accordance with the FDA Good Laboratory 
Practice (GLP) regulations  [133] , but no IND or any 
other type of notice to FDA is required for any type 
of non - human studies. The FDA also has both formal 
and informal guidance to govern animal toxicity 
testing. 

 After adequate preclinical testing has been com-
pleted, an IND must be submitted to FDA to justify 
clinical investigation in humans. The content and 
format of an IND are set out in detail in the FDA 
regulations, and therefore need not be repeated here. 
The IND must contain all relevant information about 
the safety and effectiveness of the new drug, the pro-
tocols intended to be used in the investigations, the 
chemistry, manufacturing and control information, 
pharmacology and toxicology information, previous 
human experience and other pertinent information. 
In all respects, the FDA IND regulations must be fol-
lowed in detail. 

 After submission, FDA has 30 days within which to 
evaluate the IND. By the end of 30 days, one of several 
things will have occurred. First, FDA may approve the 
IND, in which case testing can begin. Secondly, FDA 
may place the IND on formal clinical hold, in which 
case testing cannot begin  [134] . Thirdly, FDA may say 
nothing, may raise questions, may offer suggestions 
or may say virtually anything in response to the IND. 
The sponsor must then determine whether to proceed 
in light of these developments or to delay testing until 
the matter is clarifi ed. Many sponsors conclude that 
the only reasonable thing to do is to delay testing until 
all issues are fully resolved, but others proceed in the 
face of open questions. 

 Once the initial 30 - day period has expired, the IND 
may be amended and updated periodically. For 
example, additional protocols may be added. There 
is no 30 - day delay for any subsequent amendment. 
Once again, however, sponsors must determine 
whether to delay testing until FDA is consulted and 
any issues are fully resolved. 

 An essential element of the IND is approval of the 
investigation by an institutional review board (IRB), 
either constituted by the institution in which the drug 
will be tested or established as a for - profi t private IRB 
 [135] . The IRB is charged with reviewing the ethical 
and moral dimensions of the study as well as the 
scientifi c merit. IRB approval does not guarantee 
FDA approval, nor does FDA approval guarantee IRB 
approval. They are separate and independent require-
ments, and both must be fulfi lled before testing may 
begin under an IND. 

 In its September 1984  [128]  and June 2006  [129]  
policy statements, FDA stated that, until some form 
of regulatory control was instituted, new versions 
of these drugs could be marketed if the new version 
was in all signifi cant respects identical to the old 
version. FDA then instituted a compliance pro-
gramme to address these drugs. In September 2011, 
FDA reversed itself and announced that it would no 
longer permit copies of unapproved drugs or refor-
mulated or relabelled versions of existing unapproved 
drugs to be marketed. The future life of one of these 
products is therefore uncertain. FDA could at any 
time decide to regulate any of these products in a 
more comprehensive way. The precise status of any of 
these drugs can be determined only by a detailed 
review of all of the facts available for the specifi c 
product involved.  

Three  forms of NDA 
 The vast bulk of prescription drugs on the market 
today are subject to the requirement for some form 
of an approved NDA. Following enactment of the 
Drug Price Competition and Patent Term Restoration 
Act of 1984  [130] , there are now three clearly estab-
lished types of NDA: a full NDA, a paper NDA (now 
called a Section 505(b)(2) NDA, after the provision 
in the FD & C Act that created it), and an abbreviated 
NDA. Each of these is discussed in the sections that 
follow. Under the new provisions of the FDA Safety 
and Innovation Act of 2012, all drug applications will 
be required to be submitted electronically beginning 
2 years after FDA issues a fi nal guidance to implement 
this requirement  [131] . 

The full NDA   For any new chemical entity drug, 
whether or not it has been fi rst marketed abroad, and 
whether or not it is chemically related to some other 
approved new drug, FDA requires compliance with 
the full IND/NDA process.  

The IND   Before submitting an NDA to FDA, the 
sponsor of a drug must conduct, or arrange to be 
conducted, various types of non - clinical ( in vitro  and 
animal) tests and clinical (human) studies designed 
to demonstrate that the drug is safe and effective for 
its intended use  [132] . 

 For non - human studies, no IND is required. Com-
panies may perform  in vitro  testing, for example, to 
obtain chemical information necessary to set exact 
specifi cations for the active ingredient or to obtain 
stability data. The company may also conduct animal 
toxicology tests to establish an adequate margin of 
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problem, Congress enacted a provision establishing a 
 ‘ special protocol assessment ’  (SPA) as part of the FDA 
Modernization Act of 1997  [138] . Under this provi-
sion, FDA is required to meet with a drug sponsor on 
request and to enter into an SPA on the design of an 
acceptable protocol to satisfy FDA requirements. The 
statute provisions cannot be broken by FDA except 
for substantial documented public health reasons,. 
Use of the SPA has greatly increased in the past several 
years and has improved the drug review and approval 
process more than any other development. 

 Three types of unusual IND situations deserve 
special mention. First, the regulations contain a pro-
vision governing emergency use of an investigational 
new drug, where FDA will permit such use by tele-
phone or other rapid communication means  [139] . 
In these situations, the IND must subsequently be 
amended to refl ect the new situation. Secondly, FDA 
will approve specifi c treatment protocols for compas-
sionate use of an investigational new drug, where the 
drug is intended to treat a serious or immediately 
life - threatening disease, there is no satisfactory alter-
native, the drug is under clinical investigation pursu-
ant to an IND and marketing approval is actively 
being pursued with due diligence  [140] . After a treat-
ment IND has been approved, the sponsor may 
provide the drug to any patient who meets the criteria 
in the treatment IND, and may charge in order to 
recoup the manufacturing and administrative costs 
of the drug. Thirdly, FDA will approve  ‘ parallel track ’  
protocols for AIDS where there is no therapeutic 
alternative and individuals cannot participate in the 
controlled clinical trials, in order to assure wide-
spread use of the most promising drugs at the earliest 
possible stage  [141] . As a practical matter, it is diffi -
cult, if not impossible, to distinguish between a paral-
lel track IND and a treatment IND. 

 Compassionate use of INDs has been permitted by 
FDA since the 1950s in order to assure that individual 
patients who have no other alternative are not denied 
promising treatment. The more recent terminology 
of  ‘ treatment IND ’  and  ‘ parallel track ’  is therefore 
simply a continuation of this long - standing policy, 
with no signifi cant substantive change. In addition 
to these new forms of compassionate use INDs, the 
pharmaceutical industry continues to use the tradi-
tional form of compassionate use protocol as well. 
Because small companies are discouraged from com-
passionate use of INDs by the narrow FDA approach 
to charging prior to NDA approval, however, broad 
compassionate use is seldom used except by large 
companies. 

 Adherence to the IND by the sponsor is essential. 
Deviations from any aspect of it are not permitted. 
Before there can be any change in any aspect of the 
IND  –  including the specifi cations of the drug, the 
nature of the manufacturing process, the protocol for 
the investigation and the identity of the investigators, 
to name just a few  –  the IND must be amended. 

 No investigational new drug may be promoted or 
otherwise commercialised. No charge may be made 
for an investigational new drug without the prior 
approval of the FDA. FDA has recently narrowed its 
regulations that govern charging for an IND to such 
an extent as to virtually prevent any charging at all 
 [136] . This in turn greatly hinders, and for small 
companies precludes, expanded access of investiga-
tional drugs. 

 The FDA IND regulations contain requirements 
for various types of records and reports, which must 
be adhered to without exception  [137] . Immediate 
reports to FDA are required for any serious and unex-
pected adverse experience associated with the drug. 
Annual reports are required for every IND. Records 
must be kept to document all aspects of the IND. 

 Clinical testing under an IND is usually regarded 
as proceeding through three phases. Phase I includes 
the initial introduction of an investigational new 
drug into humans under closely monitored condi-
tions, usually in a teaching hospital. This phase 
involves a relatively small number of subjects and is 
intended to obtain basic information on the pharma-
cology of the drug. Phase II includes controlled clini-
cal studies conducted to evaluate the effectiveness and 
optimum dosage of the drug, and to determine 
common side effects and other risks. It involves a 
greater number of subjects, but is not a large - scale 
trial. Phase III involves expanded controlled and 
uncontrolled trials to gather additional information 
about safety and effectiveness that is needed to evalu-
ate the overall benefi t – risk relationship, and may 
involve up to several thousand subjects. In recent 
years, these three phases have tended to overlap sub-
stantially, and approval has been obtained on the 
basis of phase II or II/III studies for a number of 
important drugs. 

 For the fi rst 35 years following enactment of the 
Drug Amendments of 1962, the most prevalent com-
plaint of the drug industry was that a sponsor of an 
IND could not obtain from FDA binding advice on 
the required testing needed to obtain marketing 
approval. FDA frequently gave advice that was later 
changed one or more times. Industry called this the 
FDA  ‘ moving target syndrome ’ . To address this 
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 [145] . As with the IND, the content and format of the 
NDA are set forth in the FDA regulations and must 
be followed in detail. The NDA must begin with a 
summary, to be followed by technical sections relat-
ing to:
1.     Chemistry, manufacturing and controls.  
2.     Non - clinical pharmacology and toxicology.  
3.     Human pharmacokinetics and bioavailability.  
4.     Microbiology.  
5.     Clinical data.  
6.     Statistics.    
 Proposed labelling must also be included. The typical 
NDA comprises tens of thousands or even hundreds 
of thousands of pages. 

 The FD & C Act requires that a new drug must be 
shown to be both safe and effective. Because no drug 
has ever been shown to be completely safe or effective, 
in all cases this has been interpreted to mean that the 
benefi ts of the drug outweigh its risks under the 
labelled conditions of use for a signifi cant identifi ed 
patient population. The statute is very broadly 
worded with respect to the required proof for safety 
and effectiveness, and FDA has exercised substantial 
discretion in applying these requirements. New drugs 
have been approved on the basis of only one study, 
on the basis of phase II studies that have never pro-
gressed to phase III, on the basis of foreign studies 
alone, and with results that could not be regarded as 
defi nitive from a scientifi c standpoint. Under the 
FDA Safety and Innovation Act of 2012, FDA is 
required to implement a structured, balanced and 
consistent risk – benefi t assessment framework in the 
new drug approval process  [146] . 

 In most instances, FDA requires more than one 
adequate and well - controlled clinical trial. However, 
in the FDA Modernization Act of 1997, Congress 
clarifi ed the law by providing that FDA may base the 
approval of an NDA on data from one adequate and 
well - controlled clinical investigation and confi rma-
tory evidence  [147] . FDA has in practice imple-
mented this provision only when the single adequate 
and well - controlled clinical investigation has statisti-
cal signifi cance that is an order of magnitude greater 
than is normally required (i.e. 0.005 or even 0.001 
rather than the customary convention of 0.05). 

 Under the FD & C Act, FDA has always been 
required to evaluate the NDA and approve or disap-
prove it within 180 days. Until 1992, this almost never 
occurred. The average time for approval of an NDA 
was 2 – 3 years. This time remained largely unchanged 
for the years between 1962 and 1994, in spite of 
repeated promises and attempts by FDA to speed up 

 The results of clinical trials conducted under an 
IND have traditionally been regarded as confi dential 
business information that FDA was prohibited from 
releasing to the public under the Freedom of Infor-
mation Act and that the publication of which was 
determined solely by the drug sponsor. The FDA 
Modernization Act of 1997 established a clinical trial 
data bank for drugs for serious or life - threatening 
disease and required the inclusion of information 
on all effectiveness trials for these drugs. As a result 
of widespread concern about the lack of public avail-
ability of information about all clinical trials and 
their results, individual companies and the Pharma-
ceutical Research and Manufacturers of America 
announced programmes to make this information 
public and the editors of important scientifi c and 
medical journals have determined that they will 
not publish studies unless this information is made 
public  [142] . The NIH has also announced that such 
information from NIH trials will be made public. To 
provide a single comprehensive data bank for this 
information, Congress included in the FDA Amend-
ments Act of 2007 an expansion of the website estab-
lished by the NIH,  ClinicalTrials.gov , under the FDA 
Modernization Act of 1997  [143] . The expanded 
website includes both a registry of clinical trials and 
the results of each trial except for confi dential com-
merical information  [144] . 

 Congress has experimented with two types of stat-
utory incentives for a drug manufacturer to develop 
drugs with important public health benefi ts: (i) an 
additional statutory period of market exclusivity; and 
(ii) a priority review voucher. The former has been 
successful. The latter has not. Examples of additional 
market exclusivity are the 7 years for orphan drugs, 
the 6 months for paediatric testing and the 5 years for 
qualifi ed antibiotics. To maximise the impact of this 
approach, the additional market exclusivity must be 
added to the longer of the market exclusivity or 
the extended patent term (as is done for paediatric 
testing) and not just to the statutory term of market 
exclusivity (as is done for qualifi ed antibiotics), 
because the extended patent term usually exceeds the 
5 - year market exclusivity. The priority review voucher 
for tropical drugs has provided no incentive and the 
same is likely to be true for rare paediatric disease 
drugs.  

The NDA   After the sponsor has completed all non -
 clinical and clinical testing necessary to demonstrate 
the safety and effectiveness of the drug, the test results 
must be compiled in an NDA for submission to FDA 
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new drug based on a surrogate endpoint that has not 
yet been validated but that is submit data from post -
 marketing studies. Under the second procedure, 
FDA may grant accelerated approval to benefi cial 
but highly toxic drugs if the sponsor agrees to post -
 approval distribution restrictions. Under the regula-
tions, both of these procedures are voluntary. 

 Subsequent to the establishment of subpart H, 
Congress enacted separate  ‘ fast track ’  procedures for 
new drugs to treat a serious or life - threatening condi-
tion that had the potential to address unmet medical 
needs under the FDA Modernization Act of 1997 
 [155]  and expanded it under the FDA Safety and 
Innovation Act of 2012. FDA is required to respond 
to requests for designation of new drugs as fast track 
products within 60 days, and must expedite the devel-
opment and review of a fast track NDA. Approval 
may be based on a determination that the product 
has an effect on a clinical endpoint or on a surrogate 
endpoint. Post - approval studies can be required to 
confi rm the effectiveness of the drug. The NDA 
sponsor must submit copies of all promotional mate-
rials prior to NDA approval and subsequently. 
Approval of a fast track product may be withdrawn 
using expedited procedures. FDA has issued a guid-
ance, but no regulations, to implement this provision. 
It essentially authorises and extends the FDA acceler-
ated approval regulations. 

 The FDA Safety and Innovation Act created a 
related category of drugs called  ‘ breakthrough ther-
apy ’   [156] . A breakthrough therapy is intended to 
treat a serious or life - threatening disease or condition 
where clinical evidence indicates that the drug may 
demonstrate substantial improvement over existing 
therapies on one or more clinically signifi cant end-
points, such as substantial treatment effects observed 
early in clinical development. FDA must take actions 
to expedite the development and review of an appli-
cation for approval and must give it a priority review. 
A breakthrough therapy is also eligible for accelerated 
approval. The precise relationship between a fast 
track drug and a breakthrough therapy will become 
clear only after a few years of FDA implementation 
of these provisions. 

 Following market withdrawal of several new drugs 
because of toxicity that had not been uncovered in 
the non - clinical or IND studies, in 1998 FDA estab-
lished a Task Force on Risk Management to evaluate 
the FDA system for managing the risks of FDA -
 approved medical products. The task force concluded 
that the rates of drug withdrawals and adverse events 
remain consistently low, but recommended a new risk 

the process. FDA was able to avoid the 180 - day statu-
tory time deadline in several ways. First, the agency 
started the clock when it accepted the NDA for fi ling, 
not when it was submitted. Secondly, FDA stopped 
the clock, and restarted it, whenever new submissions 
were made. Thirdly, FDA requested an extension of 
time from the applicant, who had no choice but to 
agree. Fourthly, FDA simply ignored the 180 - day 
deadline, and there was nothing that the applicant 
could do about it. 

 For many years, it was proposed that user fees 
should be assessed on NDAs and that the proceeds 
should be used to hire suffi cient FDA personnel to 
process applications more expeditiously. In 1992, 
the regulated industry and FDA fi nally agreed on 
this approach and Congress enacted PDUFA I  [148] . 
PDUFA was initially authorised for 5 years, and was 
reauthorised for another 5 years each under the FDA 
Modernization Act of 1997,  [149]  the Prescription 
Drug User Fee Amendments of 2002  [150] , the FDA 
Amendments Act of 2007  [151]  and, most recently, 
the FDA Safety and Innovation Act of 2012  [152] . The 
2012 statute also establishes user fees for generic 
drugs and biosimilar biologic products. The legisla-
tion provides for three types of user fee: drug applica-
tions, drug products and drug establishments. These 
fees have allowed FDA to more than double the 
number of personnel reviewing NDAs. As a result, the 
time for NDA approval was initially halved. In 1999 
and 2000, however, this trend reversed and the time 
for approval began to increase signifi cantly. Refl ecting 
this increase in approval time, FDA began to issue 
 ‘ approvable ’  or  ‘ complete response ’  letters within the 
user fee time guidelines, and then to take a substantial 
additional period to negotiate remaining issues (often 
including labelling) before a fi nal approval letter 
was sent. In July 2008, FDA abandoned the use of 
 ‘ approveable ’  and similarly designated letters and 
now issues either a  ‘ complete response ’  or an  ‘ approval ’  
letter  [153] . Following enactment of the stringent 
new requirements for new drugs in the FDA Amend-
ments Act of 2007, the time for NDA approval again 
began to increase. 

 In response to criticism that the agency was not 
moving quickly enough to approve new drugs for 
AIDS and other serious or life - threatening illnesses, 
in 1992 FDA promulgated regulations to establish an 
accelerated approval process  [154] . This is commonly 
referred to as the subpart H process, after the designa-
tion in FDA regulations, or accelerated approval. The 
regulations describe two subpart H procedures. 
Under the fi rst, the FDA is authorised to approve a 
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FDA reviewers. The CDER review divisions have 
quite varied reputations for openness, promptness 
and cordiality. Thus, discussion between an FDA 
review division and the applicant varies all the way 
from virtually no communication to constant discus-
sion. Relations range from friendliness to near hostil-
ity. The NDA review process is, in short, entirely an 
ad hoc and informal process of negotiation that may 
go very well or very poorly, and over which the appli-
cant has virtually no control. Attempts to obtain reso-
lution of disputes through the FDA ombudsman or 
by appealing issues to higher offi cials are almost never 
successful, and often worsen relations with the NDA 
reviewers. Pharmaceutical companies uniformly fear 
retaliation unless they cooperate fully with every 
request from the NDA reviewers. 

 For every NDA, some clinical study is almost 
certain to remain in progress at the time when the 
NDA is submitted. Safety update reports are therefore 
required to be submitted to FDA by the applicant 
while the NDA is pending, and particularly following 
receipt of a complete response letter  [159] . Detailed 
systems and procedures are required to ensure that 
the data in the NDA and the safety updates are accu-
rate and complete, and failure to meet these require-
ments is regarded by FDA as a serious defi ciency. 

 It is customary for FDA to submit one or more 
complete response letters or letters of disapproval as 
part of the NDA review process. These frequently lead 
to the conduct of one or more new studies, the sub-
mission of new information, a revision of labelling 
and further negotiation. In a relatively small number 
of cases, FDA will issue a defi nitive disapproval letter 
determining that there is no additional information 
on the basis of which the drug could be approved. 
There are then various administrative and judicial 
appeals that the applicant can take. In no instance 
since 1938, however, has any applicant successfully 
challenged FDA denial of approval of an NDA  [160] . 
For this reason, it is generally understood that there 
is no practical way to challenge whatever FDA 
requires during the NDA process, and that the only 
realistic alternative is to negotiate the best possible 
approach with FDA in a cooperative spirit.  

Confi dentiality of  information   Under the Freedom of 
Information Act, all information in government fi les 
is subject to public disclosure unless it falls within a 
specifi ed exemption  [161] . Both the FD & C Act  [162]  
and the Federal Trade Secrets Act  [163]  prohibit the 
public disclosure of confi dential commercial infor-
mation and trade secrets. FDA has promulgated 

management approach in order to better identify and 
control these risks as early as possible in the NDA 
process  [157] . Implementation of this report had a 
substantial impact on the IND/NDA process. FDA 
reviewers required more patients in clinical trials, 
more dosage levels, longer follow - up and more trials. 
A number of NDAs that had been expected to obtain 
FDA approval were disapproved and were required to 
develop additional evidence of safety and effective-
ness. As already noted, the time for NDA approval 
increased signifi cantly following the release of the 
report. The release in late 1999 of the widely publi-
cised Institute of Medicine report on the number of 
deaths caused by medication errors undoubtedly 
contributed to the new FDA wave of conservatism 
 [158] . Patients have complained that their interests 
are not being considered, as drugs have been with-
drawn or withheld because of concern about toxicity 
to a few individuals, and the benefi ts to large numbers 
of patients are not being taken into account. 

 The widespread publicity about the potential risk 
from COX - 2 inhibitor drugs, and the withdrawal of 
Vioxx from the market, propelled the FDA and Con-
gress into another wave of conservatism. The FDA 
Amendments Act of 2007 included several provisions 
confi rming FDA authority to impose stringent safety 
requirements for new drugs. These include the 
authority to require drug labelling changes, phase IV 
testing, and REMS programmes. 

 FDA divides NDAs into two categories for the 
purpose of review: priority drugs and all other drugs. 
For priority drugs, FDA sets a target of NDA review 
within 6 months. For all other drugs, the target was 
initially 10 months but was increased in 2012 to 12 
months. These targets are subject to periodic adjust-
ment when the PDUFA is renegotiated every 5 years, 
but it is unlikely that they will be substantially 
reduced. 

 The way that FDA calculates the NDA review time 
has been increasingly controversial. FDA includes 
only the time that it has the full NDA under review 
and excludes the time that the applicant is obtaining 
information requested by the agency. Thus, if FDA 
sends a letter requesting additional information of 
any type, the time from the FDA letter to the appli-
cant ’ s reply is excluded from the FDA calculation. 
FDA does not keep statistics showing the full time 
from NDA submission to approval. 

 During the NDA evaluation there are no guidelines 
or rules that require open communication between 
FDA and the applicant. It is impossible to generalise 
about the relationship between drug applicants and 
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importance of the drug to public health. In the 
majority of cases, FDA accepts the recommendation 
of the advisory committee for approval, further 
testing or outright disapproval. Where the advisory 
committee recommends approval and FDA disagrees, 
however, the agency will almost always take a long 
time to implement the advisory committee recom-
mendations, or may even add additional testing 
requirements before approval is eventually obtained. 
The importance of advisory committee review is 
widely recognised in the pharmaceutical industry, 
and it is common for a company to engage in exten-
sive preparation for the company presentation and to 
seek supportive statements from independent outside 
experts and patients as well. 

 FDA has long been faced with the dilemma that the 
most respected medical experts in the country are 
almost always retained as consultants by the regulated 
industry, which raises the issue of a confl ict of interest 
when considered for service on an FDA advisory 
committee. In the FDA Amendments Act of 2007, 
Congress ordered FDA to reduce the number of con-
fl ict of interest waivers granted to advisory committee 
members by 5% per year from 2007 through 2012 
 [171] . These provisions were revoked in the FDA 
Safety and Innovation Act of 2012  [172] .  

Post -approval  requirements   Following approval of 
an NDA, FDA requires the submission of three dif-
ferent types of reports by the owner of the NDA 
 [173] . First, serious and unexpected adverse drug 
experiences must be immediately reported to FDA 
regardless whether the company believes they are 
causally related to the drug. Secondly, all adverse drug 
experiences, as well as other safety and effectiveness 
information, must be reported periodically to FDA, 
at intervals specifi ed in the FDA regulations. Thirdly, 
information relating to all other aspects of the drug 
must be reported immediately to FDA if they repre-
sent a potential problem, but otherwise may be 
included in an annual report. Foreign as well as 
domestic adverse experiences and other information 
must be included in these reports.  

Changes in the NDA  after  approval   Any signifi cant 
change from the detailed terms and conditions speci-
fi ed in the approved NDA must be the subject of a 
supplemental NDA and cannot be put into effect 
until the supplemental NDA has been approved by 
FDA  [174] . The only changes in an approved NDA 
that may be made without approval of a supplemen-
tal NDA are set forth in the FDA regulations, and 

detailed regulations governing the status of general 
categories of data and information in its fi les  [164] , 
and particularly data and information submitted as 
part of an IND or NDA  [165] . In general, no data or 
information submitted to FDA as part of an IND or 
NDA will be made public prior to FDA approval 
or disapproval of the NDA. Even the existence of an 
IND or NDA was once kept confi dential by FDA if it 
was not disclosed by the sponsor, although all clinical 
trials must now be disclosed by the sponsor through 
the registry established by NIH at  ClinicalTrials.gov . 
Upon approval, FDA issues a summary of the basis 
for the agency approval of the product, which 
describes the safety and effectiveness data on which 
the agency relied  [166] . The FDA Amendments Act 
of 2007 requires FDA to publish on its website the 
action package for approval of a new chemical entity 
new drug within 30 days of NDA approval  [167] . 
Whether FDA will also release the reports and data 
relating to the testing for safety and effectiveness will 
depend upon whether the company can convince the 
agency that these data retain value as  ‘ confi dential 
commercial information ’   [168] . In general, FDA will 
release the full data and information on safety and 
effectiveness after a drug becomes subject to generic 
competition, but not before. Even after a generic is 
approved by FDA, the pioneer drug company may be 
able to demonstrate that the safety and effectiveness 
data retain commercial competitive value abroad and 
should not be made publicly available. Agency regula-
tions spell out FDA ’ s confi dentiality policies in great 
detail, but there are often disputes about their appli-
cation to any particular set of facts.  

Advisory committees   There is no statutory require-
ment that FDA review the approval of an NDA with 
an advisory committee before fi nal action is taken. 
Since the 1970s, however, this has been the customary 
practice, particularly with important new drugs. This 
prompted Congress to enact a specifi c provision 
dealing with the establishment of drug advisory com-
mittees under the FDA Modernization Act of 1997 
 [169] . The FDA Amendments Act of 2007 carried this 
one step further by requiring for every new chemical 
entity (NCE) new drug either advisory committee 
review or a statement by FDA why such review is 
unnecessary  [170] . 

 The review of an NDA by an advisory committee 
is an extremely important step in the approval 
process. It represents the best opportunity that the 
applicant has to address the agency and the public 
about the evidence of safety and effectiveness and the 
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to collect user fees for pioneer drugs  [179] . The fees 
include:
1.     a one - time NDA fee;  
2.     an annual product fee; and  
3.     an annual establishment fee.    
 The precise amount of each fee escalates each year 
and is subject to modifi cation according to detailed 
provisions in the statute. The user fee for an NDA has 
increased from $100,000 in 1993 to $1,958,800 in 
2013. The funds obtained from these fees must be in 
addition to the existing congressionally appropriated 
resources for the IND/NDA system as adjusted for 
cost - of - living increases, and must be used solely for 
the IND/NDA process. In return for receiving user 
fees, FDA has committed to specifi c goals for improv-
ing the drug review process, by reducing the backlog 
of applications, meeting specifi ed time deadlines and 
making improvements in the process. The extent to 
which these commitments are kept becomes apparent 
only in subsequent years. Under the FDA Safety and 
Innovation Act of 2012, user fees were extended to 
generic drugs and biosimilar biological products.  

Section 505( b)(2) NDA   When Congress enacted the 
Drug Price Competition and Patent Term Restoration 
Act of 1984, it included a provision based on the 
concept of a paper NDA but which in fact expanded 
that concept signifi cantly. The former paper NDA is 
therefore now called a Section 505(b)(2) NDA, after 
the statutory provision that creates it  [180] . It applies 
to those situations where a pioneer drug is no longer 
protected by patents or market exclusivity but where 
an applicant is unable to submit an abbreviated NDA 
because the modifi ed drug differs in some substantial 
way from the pioneer drug. A Section 505(b)(2) NDA 
relies upon the pioneer NDA for all information 
except the data needed to support the element of 
substantial difference. Thus, the Section 505(b)(2) 
NDA need not include any data relating to the basic 
safety and effectiveness of the drug, except in so far 
as the difference between the pioneer drug and the 
applicant ’ s modifi cation of that drug bears upon 
safety or effectiveness. 

 Minor differences between a pioneer drug and a 
generic version of that drug may be approved by FDA 
as appropriate for an abbreviated NDA pursuant to a 
 ‘ suitability petition ’ . Where those differences become 
substantial, however, FDA will deny the suitability 
petition and will require the approval of a more 
complete NDA. In these circumstances, the Section 
505(b)(2) paper NDA will be suffi cient, and a full 

those exceptions must be refl ected in the annual 
report submitted to FDA. Where FDA fi nds that 
changes have been made from an approved NDA, 
beyond those permitted without a supplemental 
NDA, very stringent regulatory action can be taken, 
including recall of the product and the inability to 
manufacture any more product until the unapproved 
changes are eliminated or approved. Accordingly, it is 
essential that all aspects of an approved NDA be fol-
lowed in detail unless a clear exception is created in 
the FDA regulations. In these cases the FDA should 
be consulted.  

Summary suspension of approval   The statute pro-
vides that the Secretary of HHS may summarily 
suspend approval of an NDA upon a fi nding that the 
drug represents an imminent hazard to the public 
health  [175] . This authority is delegated to the Secre-
tary of HHS alone, and cannot be exercised by FDA 
or anyone else. It has been used only once, and its use 
was upheld in the courts  [176] .  

Antibiotic drugs   New antibiotic drugs are subject to 
the same IND and NDA requirements contained 
in the FDA regulations as other new drugs. Although 
the FD & C Act initially provided that FDA could 
require batch certifi cation for antibiotics, in 1982 
FDA exempted all classes of antibiotic drugs from this 
requirement because of the high level of manufac-
turer compliance with antibiotic standards. Because 
the FDA Modernization Act of 1997 repealed the old 
antibiotic provisions of the FD & C Act  [177] , antibi-
otics today are regulated in the same way as all other 
new drugs. 

 To address the need for incentives to develop new 
antibacterial and antifungal drugs to combat infec-
tious pathogens, Congress included in the FDA Safety 
and Innovation Act of 2012 new provisions to reward 
sponsors of drugs approved by FDA as effective 
against a list of qualifi ed resistant pathogens listed in 
the statute or added by FDA  [178] . A manufacturer 
requests that FDA designate its drug as a qualifi ed 
infectious disease product. Such drugs receive prior-
ity review. Upon approval of the drug, it receives an 
additional 5 years of market exclusivity.  

User fees   Under the PDUFA of 1992, as extended 5 
years each by the FDA Modernization Act of 1997, the 
Prescription Drug User Fee Amendments of 2002, the 
FDA Amendments Act of 2007, and the FDA Safety 
and Innovation Act of 2012, FDA has the authority 
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true, the applicant for the generic product simply 
submits the abbreviated NDA and FDA may approve 
it without further consideration about the basic 
safety and effectiveness of the drug. The second cir-
cumstance is where the generic version is different 
from the pioneer drug in any signifi cant respect (e.g. 
a different route of administration, dosage form or 
strength). In these circumstances, the generic appli-
cant must fi rst submit to FDA a  ‘ suitability petition ’  
demonstrating that the difference between the drugs 
is not suffi cient to preclude an abbreviated NDA, and 
that additional studies to show safety and effective-
ness are not needed. If FDA grants the suitability 
petition, an abbreviated NDA may be submitted. If 
the suitability petition is denied, the applicant must 
submit either a Section 505(b)(2) NDA or a full NDA. 
In all other respects, the regulations and requirements 
for an abbreviated NDA are the same as those for a 
full NDA.    

Applications integrity ( fraud)  policy
 As a result of the generic drug scandal described 
above, where generic drug manufacturers submitted 
fraudulent data and bribed FDA offi cials, FDA 
adopted a  ‘ fraud policy ’  in September 1991, which 
was later called the  ‘ applications integrity policy, ’  to 
cover situations where FDA concluded that an appli-
cant who had engaged in a wrongful act would need 
to take corrective action to establish the reliability of 
data submitted to FDA in support of pending appli-
cations and to support the integrity of products 
already on the market  [183] . Under this policy, FDA 
issues a formal letter invoking the policy and requir-
ing the applicant to cooperate fully with the FDA 
investigation. The applicant is required to identify all 
individuals associated with the wrongful act and to 
ensure that they are removed from any substantive 
authority on matters under FDA jurisdiction. A cred-
ible internal review must be conducted to identify all 
instances of wrongful acts, to supplement FDA ’ s own 
investigation. The internal review should involve an 
outside consultant or team qualifi ed by training and 
experience to conduct such a review. Finally, the 
applicant must commit in writing to developing and 
implementing a corrective action operating plan. 
Although this fraud policy was developed in response 
to the generic drug scandal, it also applies to pioneer 
drug companies and to data in full NDAs. Because 
FDA has invoked the fraud policy against innocent 
companies whose rogue employees have acted ille-
gally, and who have voluntarily reported the illegal 

NDA will not be required. Thus, the Section 505(b)
(2) NDA is midway between a full NDA and an abbre-
viated NDA. The same regulations and requirements 
apply to a Section 505(b)(2) paper NDA under the 
1984 Act as apply to a full NDA. FDA interprets 
Section 505(b)(2) to authorise the agency to rely 
on confi dential commercial information in a pioneer 
NDA in order to approve a generic competitor ’ s 
version of the drug. The regulated industry takes the 
position that this would be illegal under the FD & C 
Act. This disagreement must ultimately be resolved in 
the courts.  

Abbreviated  NDA   All of the regulations and require-
ments for an abbreviated NDA developed by FDA in 
the late 1960s as part of the implementation of the 
Drug Amendments of 1962, and all of the proposed 
changes that FDA considered to adapt those require-
ments to post - 1962 new drugs, were eliminated when 
Congress enacted the Drug Price Competition and 
Patent Term Restoration Act of 1984 (often referred 
to as the Hatch – Waxman Act). The 1984 Act estab-
lished detailed requirements that supersede every-
thing that went before  [181] . 

 Under the 1984 Act, an abbreviated NDA may be 
approved by FDA for a generic version of a pioneer 
new drug after: (i) all relevant product and use 
patents have expired for the pioneer drug; and (ii) all 
relevant periods of market exclusivity for the pioneer 
drug have also expired. The statute contains detailed 
and complex rules for determining precisely how 
this system works. No attempt will be made here to 
discuss the specifi c provisions, but they are extremely 
important in determining the commercial value of a 
pioneer new drug because they govern when the drug 
will become subject to generic competition. Of par-
ticular importance, Congress expanded the length of 
protection granted under the 1984 Act in the FDA 
Modernization Act of 1997, as extended by the Best 
Pharmaceuticals for Children Act in 2002 and 2007, 
and made permanent by Congress in the FDA Safety 
and Innovation Act of 2012, by providing an extra 6 
months of market exclusivity at the end of the 
extended patent term (or market exclusivity term, if 
the patent has already expired) when the sponsor 
conducts paediatric testing requested and approved 
by FDA  [182] . 

 There are basically two types of situation where an 
abbreviated NDA may be submitted. The fi rst situa-
tion is where the generic version is the same as the 
pioneer version in all material respects. Where this is 
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over labelling. Accordingly, FDA must rely upon 
general policing of prescription drug advertising to 
determine whether it is false or misleading. Under 
FDA regulations, however, advertising must be 
submitted to FDA promptly after it is fi rst dissemi-
nated  [193] . 

 In accordance with its statutory authority, FDA has 
promulgated regulations that illustrate ways in which 
prescription drug advertising may be false, lacking in 
fair balance or otherwise misleading  [194] . As the 
pharmaceutical industry has expanded its promo-
tional activities, FDA has also issued a variety of 
policy statements on various types of advertising 
practice that do not fall within the existing regula-
tions. These policy statements deal with such issues 
as press conferences, medical seminars, journal sup-
plements, TV and radio talk shows, and a wide variety 
of other means of communication  [195] . It is essen-
tial that anyone engaging in prescription drug mar-
keting be fully familiar with the latest FDA policy in 
these areas. 

 A recent innovation has been direct - to - consumer 
(DTC) prescription drug promotion in the broadcast 
media. Because FDA regulations require a summary 
of the entire approved package insert to appear with 
any prescription drug advertisement, it was extremely 
diffi cult to use radio or television advertising for this 
purpose. Most consumer advertising for prescription 
drugs was therefore limited to the print media. 
However, beginning in July 1997, FDA has issued 
guidance that allows the package insert requirement 
to be satisfi ed with more fl exible ways to provide 
the same information to consumers  [196] . This has 
resulted in an explosion of DTC prescription drug 
advertising on television. FDA reviews these adver-
tisements very carefully, and thus caution must be 
used in preparing them. It is sound practice to review 
proposed advertising of this type with FDA prior to 
its use. Because of criticism that DTC prescription 
drug advertising may contribute to unwarranted use 
of prescription drugs and to higher drug prices, FDA 
is conducting a thorough review of the current 
requirements for this category of advertising. It is 
likely that the agency will require greater emphasis 
on the potential risk of prescription drugs in future 
DTC prescription drug advertising. Under the FDA 
Amendments Act of 2007, FDA is authorised to 
require submission of DTC advertising for a drug at 
least 45 days before dissemination of the advertise-
ment. FDA may make recommendations about the 
advertisement but may not require that changes be 
made, except for a serious risk  [197] . In spite of the 

activity to the agency, companies are reluctant to dis-
close such incidents where such disclosure is not oth-
erwise required under the law.  

Labelling and advertising
 The labelling for a new drug must be included as part 
of the NDA and must be explicitly approved by FDA. 
The NDA applicant may include in the labelling any 
information that is not false or misleading  [184] . The 
First Amendment right of free speech prohibits FDA 
from refusing to permit truthful and non - misleading 
information in the labelling  [185] . 

 FDA regulations establish detailed requirements 
for the format and content of the physician labelling 
(often called the  ‘ package insert ’ ) for a prescription 
drug. When FDA revised these requirements in 
January 2006, it included in the preamble a highly 
controversial determination that FDA decisions 
refl ected in the physician labelling are intended to 
preempt any contrary decision by a federal or state 
court  [186] . This determination was overturned by 
the Supreme Court, however, in 2009  [187] . No sig-
nifi cant change may be made in the labelling without 
prior FDA approval through a supplemental NDA. 
Because this rule is so clear and so stringent, the 
pharmaceutical industry seldom takes chances with 
deviations in product labelling that could result in 
FDA enforcement action. FDA has long permitted the 
use of  ‘ changes being effected ’  supplemental NDAs to 
allow new safety information to be added to a drug ’ s 
labelling. In August 2008, FDA revised this regulation 
to clarify that this procedure can be used only if there 
is  ‘ suffi cient evidence of a causal relationship ’  to 
justify the labelling change  [188] . 

 At one time, FDA promulgated regulations to 
require mandatory patient package inserts for pre-
scription drugs, but these regulations were revoked 
and replaced with a voluntary patient information 
programme  [189] . FDA then promulgated regula-
tions requiring mandatory medication guides, called 
 ‘ medguides ’  for short, for a limited number of drugs 
with a narrow therapeutic index or other potential for 
serious harm  [190] . Under the FDA Amendments Act 
of 2007, FDA now has the statutory authority to 
require either a medication guide or a patient package 
insert as part of a REMS programme for any prescrip-
tion drug  [191] . 

 The Drug Amendments of 1962 gave FDA the 
authority to regulate advertising for prescription 
drugs, as well as labelling  [192] . However, the FD & C 
Act was not amended to give FDA premarket approval 
over advertising, similar to its premarket approval 
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lations, the interpretation and application of those 
regulations by FDA inspectors are thought by the 
pharmaceutical industry to have been substantially 
tightened and made more strict in the past few 
decades. 

 Where FDA determines any deviation from GMP, 
the inspector leaves a form FDA - 483, specifying the 
manufacturing defi ciencies. It is essential in these cir-
cumstances that the company immediately make all 
corrections and respond to FDA in writing about 
them. It can be expected that FDA will reinspect the 
establishment and look both for what has been done 
to correct the prior defi ciencies and for any new defi -
ciencies that can be found. The pharmaceutical 
industry believes that FDA often lists insignifi cant 
matters, that establishments that have passed without 
observed defi ciencies in the past suddenly will be the 
subject of major defi ciencies because of a change of 
inspectors or of interpretation, and that the require-
ments vary widely from individual inspector to indi-
vidual inspector and from FDA district to FDA 
district. However, the industry has found that its 
complaints fall on deaf ears, and thus that it must 
comply with whatever is required by the individual 
inspector or face the threat of serious regulatory 
action. 

 Realising that the agency had not reviewed its drug 
GMP regulations and requirements since 1979, FDA 
announced in 2002 an initiative to conduct a thor-
ough evaluation of all aspects of its implementation 
of drug GMP requirements. In 2004, FDA issued a 
fi nal report announcing a number of reforms relating 
to drug GMP  [203] . Of primary importance, drug 
GMP decisions in the future are to be based upon 
scientifi c principles of risk analysis and risk man-
agement. FDA also established a technical dispute 
resolution process for GMP disputes between FDA 
inspectors and the regulated industry. Eight years 
after the FDA announced these GMP reforms, how-
ever, there has been no discernable impact on daily 
FDA GMP compliance decisions. 

 During the past several years there has been 
increasing concern about shortages in life - supporting 
or life - sustaining drugs, or drugs intended to prevent 
a debilitating disease or condition. The two most 
commonly cited causes of this problem are: (i) manu-
facturing problems caused by stringent FDA enforce-
ment of GMP requirements; and (ii) the lack of 
suffi cient economic incentive to manufacture generic 
drugs once several manufacturers have been approved 
and the price has been driven to a low level. The FDA 
Safety and Innovation Act of 2012 requires drug 

explosive growth of the internet and various forms of 
 ‘ social media, ’  FDA has not yet proposed regulations 
or guidance on use of these by the pharmaceutical 
industry. The FDA Safety and Innovation Act of 2012 
orders FDA to remedy this defi ciency  [198] .  

Good Manufacturing Practice 
 One of the most important parts of an NDA is the 
description of the chemistry, manufacturing, and 
controls  [199] . FDA has traditionally placed substan-
tial reliance upon this part of the NDA in ensuring 
the safety and effectiveness of the drug. One study 
conducted three decades ago found that more ques-
tions were raised by FDA reviewers about this section 
of the NDA than about the safety and effectiveness of 
the drug itself. 

 Beginning in 1991, moreover, FDA announced a 
new enforcement technique designed to assure ade-
quate GMP compliance before an NDA is approved 
 [200] . Prior to FDA approval of the NDA, the FDA 
fi eld force now conducts a preapproval inspection of 
the establishment where the new drug is to be manu-
factured. If the manufacturing facility deviates in any 
way from either the description in the NDA or the 
general requirements for GMP in the FDA regula-
tions  [201] , the NDA will be held hostage and will not 
be approved until full compliance is achieved. Pursu-
ant to this policy, the approval of numerous NDAs 
has been substantially delayed. Compliance with 
GMP is therefore essential to any NDA approval. 
Because of widespread concern about this practice, 
Congress included in the FDA Modernization Act of 
1997 a specifi c provision stating that an NDA approval 
may not be delayed because of unavailability of infor-
mation from, or action by, FDA fi eld personnel unless 
the reviewing division determines that a delay is nec-
essary to assure the marketing of a safe and effective 
drug  [202] . In spite of this provision, FDA has con-
tinued to hold drugs hostage as a result of a preap-
proval inspection without a fi nding that this is 
necessary to ensure the marketing of a safe and effec-
tive drug. 

 After approval of an NDA, FDA periodically 
inspects a drug establishment for two purposes. First, 
FDA determines whether any unapproved changes 
have been made in the manufacturing process from 
those set forth in the approved NDA. If any such 
changes are made beyond those permitted without a 
supplemental NDA, FDA may well bring stringent 
enforcement action. Secondly, FDA routinely inspects 
all establishments to determine compliance with 
GMP. Although FDA has not changed its GMP regu-
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authorised to impose distribution controls as part of 
a mandatory REMS programme to assure the safety 
of a drug  [211] . 

Import and export
Import   In general, a prescription drug may lawfully 
be imported into the USA only in full compliance 
with all the laws and regulations applicable to domes-
tic drugs. However, there is one exception. Since 1977, 
FDA has stated that the agency will not detain unap-
proved new drugs imported for personal use  [212] . 
This became important when patients with AIDS 
began to import drugs not available in the USA. 
Subsequently, AIDS organisations established buying 
clubs to import drugs for all of their members. FDA 
has not sought to prohibit this activity except where 
it is done for commercial profi t or involves unsafe or 
fraudulent products for which the agency has issued 
an import alert (such as RU - 486). Where FDA has 
considered cracking down on such imports, public 
pressure has forced the agency to back off from 
enforcement action. 

 The USA is the only country in the world that does 
not fi x the prices for prescription drugs. Patented 
prescription drug costs in the USA are therefore 
higher than in any other country, and the cost of 
generic drugs in the USA are lower than in any other 
country. Because of the large price differential 
between the USA and other countries for patented 
prescription drugs, internet pharmacies and other 
organisations ship prescription drugs illegally into 
the USA, without an approved NDA or in violation 
of the prohibition against reimportation under the 
Prescription Drug Marketing Act of 1987. FDA has 
vigorously opposed these illegal imports as well as 
any legislation designed to change the current statu-
tory requirements for imported new drugs. Under 
both the Clinton and the Bush administrations, 
the Secretary of HHS has declined to certify that 
importation of unapproved drugs from abroad could 
be undertaken safely and would result in signifi cant 
cost savings to the US consumer. Accordingly, the 
provisions of the Medicine Equity and Drug Safety 
Act of 2000 that would have provided for prescription 
drug imports have never been put into effect. FDA 
continues to enforce the FD & C Act against illegal 
drug imports, many of which are counterfeit prod-
ucts  [213] .  

Export   The FD & C Act of 1938, and even the Drug 
Export Amendments Act of 1986, placed such strin-
gent limitations on the export of unapproved drugs 

manufacturers to report to FDA any anticipated 
or actual shortages and requires FDA to take these 
reports into account in its drug approval and enforce-
ment actions  [204] .  

Pharmacy compounding
 Prior to 1997, there was no provision in the FD & C 
Act that explicitly authorised pharmacy compound-
ing. FDA policy recognised the practice of pharmacy 
compounding, but the agency brought action against 
compounding pharmacists when they began to 
advertise specifi c drugs or to stockpile substantial 
quantities of drugs  [205] . 

 Under the FDA Modernization Act of 1997, Con-
gress for the fi rst time addressed the requirements 
and limitations of pharmacy compounding. To take 
advantage of the authority to compound, a pharmacy 
would have been precluded from advertising that spe-
cifi c compounded drugs were available from that 
pharmacy. In 2002, the Supreme Court held that this 
restriction was unconstitutional, in violation of the 
right of free speech under the First Amendment to 
the US Constitution  [206] . Because a US Court of 
Appeals had ruled that the advertising restriction 
could not be separated from the other pharmacy 
compounding provisions, the result was that none 
of these provisions remained effective. Accordingly, 
pharmacy compounding was now back to where it 
was before the 1997 Act. FDA reiterated its views 
regarding when pharmacy compounding becomes 
illegal manufacture  [207] . In 2008, however, a second 
US Court of Appeals ruled that the advertising 
restriction could in fact be separated from the other 
pharmacy compounding provisions of the FDA Mod-
ernization Act of 1997 and thus that those other pro-
visions remain effective  [208] . This direct confl ict 
between the two courts can be resolved only by Con-
gress or the Supreme Court.  

Distribution controls 
 On one occasion, FDA sought to limit the distribu-
tion of a new drug to hospital - based pharmacies and 
to prohibit it through community pharmacies. Upon 
challenge by the pharmacy profession, the courts 
ruled that this was an illegal restriction that was not 
authorised by the FD & C Act  [209] . Since then, FDA 
has approved labelling for new drugs under which 
sponsors have voluntarily included restrictions on 
distribution, including under subpart H  [210] , 
but the agency has not itself imposed distribution 
controls on any new drug. Under the FDA Amend-
ments Act of 2007, however, the agency has been 
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fewer than 200,000 patients in the USA, the impact 
of the law changed dramatically. Some orphan drugs 
became blockbusters on which entire companies (e.g. 
Amgen and Genzyme) have been founded. Although 
Congress has considered legislation to cut back some 
of the provisions of the Orphan Drug Act, one such 
bill was vetoed by the President  [217]  and no other 
has since come close to enactment. Even if the ben-
efi ts available from the Orphan Drug Act are changed, 
they are likely to remain important to drug compa-
nies for the foreseeable future. As an added incentive 
for the development of drugs to treat rare paediatric 
diseases, the FDA Safety and Innovation Act awards 
a priority review voucher for each such drug approved 
by FDA  [218] .  

Physician prescribing 
 The FD & C Act has been interpreted by FDA as apply-
ing only to the labelling, advertising and marketing 
of a new drug, not to the practice of medicine as 
refl ected in the physician ’ s prescription of the drug 
for a particular patient. In a policy fi rst published in 
1972  [219] , and reiterated many times  [220] , FDA has 
stated that the physician may, within the practice of 
medicine, lawfully prescribe an approved drug for an 
unapproved use. Because the Drug Price Competition 
and Patent Term Restoration Act of 1984 provides 
no signifi cant market protection for companies that 
obtain FDA approval of new uses for previously 
approved new drugs, companies rarely submit sup-
plemental NDAs to request FDA approval of an unap-
proved use for an approved drug. As unapproved 
uses expand, the prescription drug package insert 
approved by FDA has become substantially outdated. 
In many areas, the unapproved uses of a new drug 
overwhelm the approved uses. Although FDA has 
deplored this fact, it has thus far done nothing to fi nd 
an adequate resolution. 

 Although FDA has stated since 1938 that the 
agency has no authority to require an NDA sponsor 
to conduct testing for uses that the sponsor has not 
included in the proposed labelling, FDA nonetheless 
promulgated regulations in late 1998 to require pae-
diatric testing of new drugs in most situations in 
order to reduce unapproved use of new drugs in 
infants and children  [221] . The FDA regulation on 
paediatric testing was determined to be illegal by a 
court in 2002, but was restored by Congress in the 
Pediatric Research Equity Act of 2003. In the FDA 
Modernization Act of 1997, as extended for 5 years 
each by the Best Pharmaceutical for Children Act in 
2002 and by the FDA Amendments Act of 2007 and 

from the USA that they raised enormous commercial 
potential for foreign countries. Many US pharmaceu-
tical companies reasonably anticipated that their 
drugs would receive approval for use outside the USA 
before they were approved by FDA, and could not 
take the risk that they would be able to obtain and 
maintain FDA approval of an export application. 
Under these circumstances, they had no option other 
than to build their manufacturing facilities abroad 
rather than in the USA. For that reason, foreign coun-
tries competed in attempting to attract these pharma-
ceutical factories. 

 The FDA Export Reform and Enhancement Act of 
1996 eliminated many, but far from all, of the FDA 
restrictions on export of unapproved new drugs. For 
example, although unapproved new drugs may be 
exported to any of the 25 listed countries for investi-
gational use, these drugs may not be shipped to any 
other country for the same purpose without FDA 
approval  –  which can take a year or more. No other 
country in the world controls exports in the same way 
as the USA, and thus a pharmaceutical establishment 
may be located anywhere other than the USA without 
fear of unreasonable limitations on international 
trade. Accordingly, it is essential for any US or foreign 
company to be able to source its drugs abroad, rather 
than in the USA, if it is to be assured of the ability to 
investigate and market its new drugs throughout the 
world.    

Orphan  drugs
 Under the Orphan Drug Act of 1983  [214]  and its 
amendments, an orphan drug is eligible for two 
types of benefi t. The fi rst, which is often of minor 
signifi cance, consists of tax credits. The second type, 
which has proved to be of enormous importance, is 
the market exclusivity provided by the prohibition 
against any form of FDA approval of the same drug 
for another company for 7 years. The company that 
obtains FDA approval of an NDA for an orphan drug 
is thus assured of greater protection under the 
Orphan Drug Act than under any other statute, 
including the patent laws. The 7 - year orphan drug 
market exclusivity can be broken if FDA determines 
that a subsequent version of the same drug is clini-
cally superior  [215] . 

 As enacted in 1983, the Orphan Drug Act had rela-
tively little impact because the scope of the term 
 ‘ orphan drug ’  was considered by FDA to be relatively 
narrow. When Congress amended the law in 1984 
 [216]  to defi ne an orphan drug as any drug, or any 
single indication for a drug, for a condition affl icting 
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generic and the pioneer sponsors to conduct such 
testing is overwhelming.  

Patient  freedom of  choice
 Beginning with enactment of the Drug Amendments 
of 1962, organised patient groups have argued strenu-
ously that they should have the freedom to purchase 
whatever drugs they may wish to use, regardless of 
their FDA status, particularly where individuals have 
life - threatening diseases. Cancer patients argued for 
the use of Krebiozen and Laetrile, but the FDA sought 
to prohibit those drugs by every means available, and 
the courts ultimately supported the agency  [229] . 
More recently, a US Court of Appeals, sitting  en banc , 
determined that a terminal patient does not have 
the right under the US Constitution to access to an 
unapproved drug that has progressed to phase II 
testing  [230] . 

 With the dramatic rise in AIDS, however, a larger, 
more vocal, and more politically active interest group 
challenged the authority of the FDA to deny experi-
mental and unapproved drugs to any patient who 
wishes to use them. This time, the activists had a 
greater impact  [231] . FDA has declined to take 
enforcement action in many instances where it would 
have done so in the past. The agency has also expe-
dited the approval of AIDS drugs on the basis of 
scientifi c information that would not have been 
accepted as suffi cient for any other disease area. Thus, 
FDA has bent its rules for putative AIDS treatments 
but has refused to expand its fl exibility to include 
other disease areas. The result is an inconsistent series 
of decisions approving drugs for one disease on the 
basis of preliminary information and withholding 
approval of more extensively tested drugs for other 
diseases.  

Costs and benefi ts of the  IND/NDA system
 There have been hundreds of investigations and 
reports on the IND/NDA system  [232] . Numerous 
analyses have been carried out of the costs and ben-
efi ts, and hundreds of recommendations have been 
made about ways to improve the system. Feelings run 
deep on these subjects, and the philosophical and 
emotional element often dwarfs the factual and ana-
lytical element. 

 A 1991 study demonstrated that the average NDA 
requires an investment of about $231 million  [233] . 
In the last year of NDA approval, the average carrying 
cost (cost of capital) alone was $31 million. Today, 
these fi gures have escalated to an estimated $2 billion 
 [234]  or more. Critics argue that this is largely the 

made permanent by the FDA Safety and Innovation 
Act of 2012, Congress included 6 months of market-
ing exclusivity for paediatric testing  [222] . 

 The 1997 statute included a 5 - year provision to 
allow dissemination of information on unapproved 
uses of approved new drugs under specifi c limited 
conditions  [223] , but Congress allowed this provision 
to lapse in 2002. While the 1997 Act was being con-
sidered by Congress, the FDA policy prohibiting dis-
semination of information on unapproved uses of 
approved new drugs was being challenged in the 
courts. The US District Court held that the FDA 
policy violated the First Amendment to the US Con-
stitution, even taking into consideration the new 
statutory provision added by the 1997 Act, and issued 
an injunction that permitted a drug manufacturer to 
disseminate to physicians and other medical profes-
sionals information on unapproved uses of approved 
new drugs from a peer - reviewed professional journal 
or a reference textbook, or to suggest content or 
speakers to an independent adviser for a continuing 
medical education programme. The injunction per-
mitted FDA to require the drug manufacturer to dis-
close the company ’ s interest in the drug and the fact 
that the use of the drug had not been approved by 
FDA  [224] . FDA then changed its legal position and 
argued on appeal that its policy merely constituted a 
 ‘ safe harbour ’ , and that a violation would not neces-
sarily bring an enforcement proceeding. As a result, 
the US Court of Appeals reversed the District Court ’ s 
decision on procedural grounds, without in any way 
disagreeing with it  [225] . The District Court then 
revoked its injunction, although indicating that it had 
not changed its opinion on the matter  [226] . FDA 
subsequently published a notice stating its continued 
intent to enforce its policy  [227] , and the Washington 
Legal Foundation has raised serious legal objections. 
It is extremely unlikely that FDA will enforce its 
unapproved use policy under the circumstances per-
mitted by the now - dissolved District Court injunc-
tion, regardless of the outcome of this case, and FDA 
offi cials have so stated. 

 In 2009, FDA released a guidance essentially incor-
porating the dissolved District Court injunction 
 [228] . Thus, the First Amendment right of free speech 
in the USA makes it even more diffi cult for FDA to 
attempt to force NDA sponsors to submit supple-
mental NDAs for unapproved uses, absent unequivo-
cal statutory authority to require that drugs be tested 
for these uses and that applications be submitted for 
including them in approved labelling. When a drug 
loses its patent status, the problem of requiring the 
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 Before a company may manufacture any biological 
product, a BLA must be submitted to and approved 
by FDA for the product involved. Under Section 351 
of the Public Health Service Act as it is now revised, 
the product approval system for a biological drug is 
the same as for a new drug. Non - clinical studies may 
be conducted without FDA knowledge or approval. 
Clinical investigation in humans must be preceded by 
the submission of an IND, and all the IND regula-
tions discussed above for chemical drugs apply 
equally to a biological drug. It is only the BLA that 
has a different name and a somewhat different focus. 

 A basic premise of the regulation of biological 
drugs is that, because they come from natural sources, 
they cannot adequately be characterised by chemical 
specifi cations and must instead be regulated very 
rigidly by rigorous adherence to detailed manufactur-
ing procedures. For this reason, approval of a BLA 
depends upon the specifi c establishment specifi ed 
and approved in that BLA. If the owner of an approved 
BLA wishes to manufacture all or part of the biologi-
cal drug in a new establishment, it has long been 
standard policy under the Biologics Act to require not 
just that the new product be shown to be the same as 
the old, but also that new clinical studies independ-
ently demonstrate the safety and effectiveness of the 
new product as manufactured in the new establish-
ment. This goes beyond the requirements that the 
FDA has applied to new drugs. 

 This FDA policy has important ramifi cations for 
the generic drug industry. When Congress enacted 
the Drug Price Competition and Patent Term Resto-
ration Act of 1984, it included only new drugs and 
it excluded biological drugs. Nonetheless, a small 
number of biological products were handled under 
NDAs rather than BLAs, the most prominent of 
which is human growth hormone. Generic drug 
manufacturers have in fact submitted abbreviated 
NDAs or Section 505(b)(2) NDAs for human growth 
hormone. Thus, FDA must decide whether generic 
versions of this biological product may be approved 
without the requirement of the same type of clinical 
testing that was required for the pioneer product. For 
all other biological products that have been licensed 
through BLAs under the Biological Products Act of 
1902, however, the advent of generic versions awaited 
a revision of the statute by Congress. 

 In 2010, Congress enacted the Biologics Price 
Competition and Innovation Act  [239] , commonly 
called the Biosimilars Act, to establish a programme 
for simplifi ed FDA approval of biosimilar BLAs 
for biological drugs that are  ‘ highly similar, ’  but not 

result of unrealistic regulatory requirements that 
cause higher drug prices, that the delay in drugs 
reaching the market substantially harms the public 
health, and that the high cost of drug development 
discourages drug research and development and 
directly hinders the development of life - saving drugs 
for the future. Supporters of the system point to drug 
tragedies of the past, argue that any relaxation of 
regulatory controls will dramatically increase drug 
risks and reduce drug effectiveness, and state that the 
only sound way to protect the public health is to 
continue and indeed to strengthen the present system. 
Supporters of biotechnology charge that the present 
system is destroying the opportunity presented by 
this new technology, and critics of biotechnology 
applaud that result.   

Biological drugs

 For more than a century, biological drugs have been 
regulated under the Biologics Act of 1902, in accord-
ance with statutory requirements that have not sig-
nifi cantly changed  [235] . When FDA was delegated 
the responsibility for regulating biologics in 1972, 
however, the agency promulgated regulations adding 
a number of the drug regulatory provisions under the 
FD & C Act to those already available under the Bio-
logics Act. Current regulation of biologics therefore 
incorporates requirements from both statutes. 

Biologics licence application
 Prior to 1996, FDA required the submission and 
approval of both an ELA and a PLA. This bifurcated 
submission and approval process was widely criti-
cised as ineffi cient. Following the November 1994 
elections and the realisation that FDA would be a 
major target for legislative reform, the agency revised 
its regulations to eliminate the requirement for a 
separate ELA and to substitute a single BLA for four 
categories of well - characterised biological products 
 [236] . In the FDA Modernization Act of 1997, 
however, Congress eliminated the ELA and PLA for 
all biological products and substituted the single BLA 
 [237] . Congress also ordered FDA to take measures 
to minimise differences in the review and approval of 
biological products under Section 351 of the Public 
Health Service Act and new drugs under Section 
505(b)(1) of the FD & C Act. The FDA promptly 
amended the regulations governing biologics licences 
to implement this requirement  [238] . 
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logical products regulated under the Biologics Act of 
1902 were vaccines, blood, allergenic extracts and 
other related products that did not pose the diffi cult 
problems of balancing benefi ts against risks which 
were daily faced by CDER. As a result, CBER was able 
to review and approve ELAs and PLAs rapidly, in a 
fraction of the time that it took CDER to do the same 
job. Now, the two are indistinguishable. The time 
required for review and approval of a BLA became 
even longer than that for an NDA. The backlog at 
CBER rose dramatically. Critics suggested that review 
and approval of new pharmaceutical products by 
CBER was slower and more diffi cult than by CDER. 
FDA therefore announced in 2002 that the handling 
of most biological drugs were being transferred from 
CBER to CDER, but that regulation of traditional 
biological products, such as vaccines and blood, 
will remain with CBER. Approximately one - third of 
CBER resources were transferred to CDER as part of 
this reorganisation.  

Biologics Review
 When implementation of the Biologics Act was trans-
ferred to FDA in 1972, a process was just being for-
mulated by the Division of Biologics Standards in the 
NIH to review the safety, effectiveness and labelling 
of the biological products that had been licensed 
during the past 70 years under the 1902 Act. FDA 
promptly established written procedures and under-
took the Biologics Review  [240] . The Biologics 
Review was patterned after the OTC Drug Review and 
is similarly not yet completed.   

Enforcement 

 FDA has available to it a wide variety of formal and 
informal enforcement authorities under the FD & C 
Act. They apply equally to all products regulated by 
FDA. For generic drugs, FDA also can rely upon the 
provisions of the Generic Drug Enforcement Act of 
1992. The following sections summarise some of the 
more important enforcement provisions used by 
FDA to regulate all pharmaceutical products. 

Formal  enforcement  authority
Factory  inspection
 For purposes of enforcing the law, FDA inspectors 
may at any time inspect any factory manufacturing 
a non - prescription or prescription drug  [241] . For 
both, FDA inspectors may see all records and docu-
ments except those that relate to fi nancial data, sales 

identical, to licensed pioneer biological drugs. The 
biosimilars statute, however, is substantially different 
from the Hatch – Waxman Act of 1984 under which 
generic chemical drugs are approved by FDA. 

 First, generic chemical drugs are approved based 
solely on bioavailability data. Biosimilars are required 
to undertake analytical, toxicity and clinical studies, 
as specifi ed by FDA. 

 Secondly, under the Hatch – Waxman Act, FDA 
cannot approve a generic chemical drug until all rel-
evant patents expire or are declared invalid. For a 
biosimilar drug, FDA may approve a BLA regardless 
of the patent status of the drug. The BLA applicant 
can challenge the biosimilar patents in court while 
the BLA is pending, under a complex system estab-
lished in the statute, but to FDA ’ s great relief the 
agency is not responsible for enforcing biosimilar 
patents like it is for chemical drug patents. 

 Thirdly, the market exclusivity period for a biosim-
ilar drug is 12 years, compared to the 5 years for a 
chemical drug. Congress was persuaded that patents 
are easily challenged and provide an inadequate 
market protection incentive for the large investment 
needed to develop a biological drug. It therefore 
relied upon statutory market exclusivity (which 
cannot be challenged in court) rather than patents 
(which are frequently challenged in court and are 
often declared invalid) to provide an adequate incen-
tive for research and development of pioneer biologi-
cal drugs. 

 Fourth, under the Hatch – Waxman Act, a generic 
chemical drug is almost always interchangeable for its 
pioneer version, thus allowing pharmacists to substi-
tute the generic for the pioneer. Under the Biosimilars 
Act, in contrast, there are two categories of biosim -
ilar drugs. The standard biosimilar drug meets the 
minimum requirements for a biosimilar BLA but is 
not designated by FDA as interchangeable. To be des-
ignated by FDA as interchangeable, the biosimilar 
BLA applicant must show that the biosimilar can be 
expected to provide the same clinical result as the 
pioneer biologic  ‘ in any given patient ’  and that the 
risk to a patient of switching between the pioneer and 
the biosimilar is no greater than the risk of the 
pioneer alone. 

 It is a complex statute. Although manufacturers 
have begun to undertake research in preparation 
for submission of biosimilar BLAs, FDA has yet to 
propose regulations or guidance that will clarify how 
the agency will implement the new law. 

 With the advent of biotechnology, work in CBER 
has changed dramatically. For decades, the only bio-
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the US Supreme Court has held that any person 
standing in a responsible relationship to a violation 
of the FD & C Act is criminally liable, regardless of the 
lack of knowledge or intent  [249] . The nature of the 
offence is the failure of an individual to take action 
to prevent a violation and to ensure compliance with 
the law. 

 This is an extremely harsh statute. As a practical 
matter, FDA exercises its prosecutorial discretion only 
to bring cases for continuing violations of law, viola-
tions of an obvious and fl agrant nature, and inten-
tionally false or fraudulent violations. Although there 
have been attempts to change the criminal liability 
standard under the FD & C Act by legislation, none has 
been successful.  

Section 305 hearing
 The FD & C Act provides that, before any violation is 
reported by FDA for institution of a criminal pro-
ceeding, the person against whom the proceeding is 
contemplated shall be given appropriate notice and 
an opportunity to present views  [250] . In accordance 
with this provision, it is the custom of FDA to provide 
an informal hearing to individuals, to show cause why 
they should not be prosecuted. When a grand jury is 
convened, however, FDA usually does not provide 
this type of hearing. Where such a hearing is given, it 
is obviously important for the individual to demon-
strate a good faith attempt to comply with the law 
and an intent to correct and prevent any defi ciencies 
in the future.  

Other criminal statutes
 The US Code contains a number of criminal provi-
sions related to enforcement of the FD & C Act. These 
laws prohibit any criminal conspiracy  [251] , false 
reports to the government  [252] , mail fraud  [253] , 
bribery  [254] , perjury  [255]  and other similar illegal 
activity. FDA has used these provisions on a number 
of occasions to bring criminal prosecution against 
individuals and companies who have violated the 
FD & C Act.  

Civil money penalties
 The Prescription Drug Marketing Act of 1987 in -
cludes civil money penalties for violation of the 
drug sample provisions of the FD & C Act  [256] . The 
law provides that a manufacturer or distributor who 
violates these provisions is subject to a civil penalty 
of not more than $50,000 for each of the fi rst two 
violations resulting in a conviction in any 10 - year 
period, and for not more than $1 million for each 

data other than shipment data, pricing data, person-
nel data and research data  [242] . An FDA inspector 
may spend whatever amount of time is necessary to 
complete such an inspection  –  even weeks or months. 
Where signifi cant enforcement issues have been 
found, FDA inspectors have been known to spend 
more than a year at a single establishment. 

 A new provision added by the FDA Safety and Inno-
vation Act authorises FDA to require drug manufac-
turers to submit to FDA in either electronic or physical 
form records that are subject to FDA inspection in 
advance of or in lieu of an inspection  [243] . The prior 
requirement that FDA inspect every domestic drug 
establishment at least once every 2 years was revoked. 
FDA is now required to inspect both domestic and 
foreign drug establishments based on a  ‘ risk - based ’  
schedule that must take into account six statutory risk 
factors  [244] . FDA must also keep statistics on its 
inspections and issue an annual report on them.  

Seizure 
 FDA has statutory authority to request the Depart-
ment of Justice to  ‘ seize ’  any illegal product  [245] . If 
FDA asserts that the drug is dangerous to health 
or the labelling is fraudulent or misleading in a 
material respect, the statute authorises multiple sei-
zures throughout the country. Prior to 1997, FDA was 
required to prove the requisite shipment in interstate 
commerce in order to establish the agency ’ s jurisdic-
tion. Under the FDA Modernization Act of 1997, 
Congress established a rebuttable presumption of 
interstate commerce for purposes of FDA enforce-
ment jurisdiction, thereby making all FDA enforce-
ment action substantially simpler  [246] .  

Injunction
 FDA also has statutory authority to request the 
Department of Justice to seek a court injunction 
against continued violations of the law by a drug 
manufacturer or distributor  [247] . FDA has had 
mixed results in attempting to obtain injunctions 
from the courts, who realise that an injunction can 
shut down a company entirely or subject it to arbi-
trary demands by FDA. FDA has therefore sought to 
obtain the equivalent in the form of stipulated agree-
ments with companies that are fi led in court as 
consent decrees and thus are fully enforceable as a 
requirement of law.  

Criminal penalties
 All violations of the FD & C Act are automatically 
criminal violations of law  [248] . On two occasions 
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effi cient compliance with the law. In the early 1990s, 
regulatory letters were renamed  ‘ warning letters ’ , 
and lost their impact because they were no longer 
approved by FDA top management and the Chief 
Counsel. Nonetheless, any warning letter must be 
given immediate attention in order to avoid more 
serious formal enforcement action in the courts.  

Publicity
 FDA has explicit statutory authority to issue informa-
tion to the public  [264] . The courts have upheld the 
right of FDA to publicise illegal activity and to issue 
publicity about products and practices that it con-
cludes to be harmful to the public health  [265] . This 
is regarded by many as the most potent compliance 
tool available to the FDA. Instead of using the formal 
enforcement authority established in the FD & C Act, 
for example, FDA issued strong negative publicity 
about the dangers of phenylpropanolamine and 
ephedra and destroyed the market for both of these 
products overnight.   

Enforcement  statistics
 In the fi rst few decades of the 1900s, FDA brought 
hundreds of seizure and criminal actions to enforce 
the FD & C Act. Beginning in the 1970s, the formal 
court enforcement actions have been replaced in two 
ways. First, FDA has promulgated hundreds of regu-
lations and guidance that establish the precise 
requirements of the law, thus reducing the need for 
many court enforcement actions. Secondly, formal 
court enforcement actions have been replaced by 
informal administrative compliance actions such 
as recalls and warning letters. FDA statistics initially 
demonstrated that the increase in administrative 
compliance actions was greater than the decrease in 
formal court enforcement actions, and thus that 
overall FDA enforcement activity continued to in -
crease, but more recent statistics show a signifi cant 
decrease in enforcement  [266] .   

Conclusions

 This brief survey of FDA regulation of pharmaceuti-
cal products demonstrates the breadth and depth of 
FDA activity in this fi eld. Although there are repeated 
calls for reform of the IND/NDA system, it appears 
unlikely that any substantial change will occur in the 
near future. It is therefore important that any person 
who enters the prescription drug industry in the USA 
be fully informed about the laws and regulations, 

violation resulting in a conviction after the second 
conviction in any 10 - year period. These penalties may 
be imposed only by a Federal District Court. FDA 
has no administrative authority to impose any civil 
penalties under these provisions. Under the FDA 
Amendments Act of 2007, Congress expanded the 
authority to impose civil money penalties to include 
violations of the new labelling, REMS, phase IV 
testing, and clinical trial registry and results database 
provisions  [257] .  

Administrative  detention
 The FDA Safety and Innovation Act expands the 
existing FDA authority to order a company not to 
ship or sell a product to include all drugs  [258] . This 
authority applies only when FDA has reason to 
believe that a drug is adulterated or misbranded. The 
detention is limited to 30 days, and is subject to an 
informal hearing.  

Restitution
 One court interpreted the FD & C Act in the 1950s as 
not authorising FDA to require restitution by a man-
ufacturer to purchasers of a product that has been 
found to violate the FD & C Act  [259] , but two more 
recent court decisions have upheld restitution  [260] . 
The Medical Device Amendments of 1976 explicitly 
provide such authority for medical devices  [261] .   

Informal compliance authority
Recall
 For decades, FDA has worked with product manufac-
turers to request, and to help carry out, the recall of 
illegal products from the market. Courts have disa-
greed on whether the FD & C Act authorises an 
injunction that includes a requirement for product 
recall  [262] . As a practical matter, however, the precise 
legal authority of FDA on this matter is irrelevant. 
Manufacturers routinely cooperate with FDA on the 
recall of any dangerous product. FDA has established 
detailed administrative policy governing recall proce-
dures  [263] .  

Warning  letters 
 The FD & C Act authorises FDA to decline to institute 
formal enforcement proceedings for minor violations 
whenever FDA believes that the public interest will 
be adequately served by a suitable written notice or 
warning. In accordance with this provision, in the 
early 1970s FDA began to issue a  ‘ regulatory letter ’  in 
lieu of bringing formal court enforcement action. 
This permitted more rapid, less costly and more 
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     32.     55 Stat. 851 ( 1941 ); 59 Stat. 463 ( 1945 ); 61 Stat. 11 

( 1947 ); 63 Stat. 409 ( 1949 ).  

     33.     65 Stat. 648 ( 1951 ).  

     34.     76 Stat. 780 ( 1962 ).  

     35.     84 Stat. 1236, 1242 ( 1970 ), 21 U.S.C. 801.  

     36.     84 Stat. 1670 ( 1970 ).  

     37.     16 C.F.R. part 1700.  

     38.     86 Stat. 559 ( 1972 ).  

     39.     21 C.F.R. part 207.  

     40.     96 Stat. 2049 ( 1983 ).  

     41.     98 Stat. 2815, 2817 ( 1984 ); section 526 (a)(2) of the 

FD & C Act, 21 U.S.C. 360bb(a)(2).  

     42.     98 Stat. 1585 ( 1984 ).  

     43.     100 Stat. 3743 ( 1986 ).  

     44.     110 Stat. 1321, 1321 – 313 ( 1996 ), as amended, 110 Stat. 

1569, 1594 (1996); section 802 of the FD & C Act, 21 

U.S.C. 382.  

     45.     102 Stat. 95 ( 1988 ).  

     46.     106 Stat. 941 ( 1992 ).  

     47.     106 Stat. 149 ( 1992 ).  

     48.     106 Stat. 4491 ( 1992 );   Kuhlik   BN  .  Industry funding of 

improvements in the FDA ’ s new drug approval process: 

the Prescription Drug User Fee Act of 1992 .  Food Drug 

Law J .  1992 ; 47 : 483 .  

     49.     111 Stat. 2296, 2298 ( 1997 ).  

     50.     116 Stat. 594, 687 ( 2002 ).  

     51.     121 Stat. 823, 825 ( 2007 ).  

     52.     126 Stat. 993 ( 2012 ).  

     53.     Note 44 supra;   Hutt   PB  ,   Kuhlik   BN  .  Export Expertise: 

Understanding Export Law for Drugs, Devices and Bio-

logics  ( 1998 ).  

     54.     Note 43 supra.  

     55.     111 Stat. 2296 ( 1997 ).  

     56.     114 Stat. 1549A – 35 ( 2000 ).  

     57.     115 Stat. 1408 ( 2002 ).  

     58.     121 Stat. 823, 876 ( 2007 ).  

     59.     126 Stat. 993, 1039 ( 2012 ).  

     60.     116 Stat. 594 ( 2002 ).  

     61.       Association of American Physicians and Surgeons, Inc.

v.    FDA  , 226 F. Supp. 2d 204 (D.D.C.  2002 ).  

     62.     117 Stat. 1936 ( 2003 ).  

     63.     121 Stat. 823, 866 ( 2007 ).  

     64.     126 Stat. 993, 1040 ( 2012 ).  

     65.     120 Stat. 2831 ( 2006 ).  

     66.     120 Stat. 2831, 2865 ( 2006 ).  

     67.     121 Stat. 823 ( 2007 ).  

     68.     Note 42 supra.  

     69.     124 Stat. 119, 804 ( 2010 ).  

     70.     124 Stat. 119 ( 2010 ).  

     71.     124 Stat. 119 ( 2010 ).  

     72.     124 Stat. 119, 689 ( 2010 ).  

     73.     126 Stat. 993 ( 2012 ).  

     74.     126 Stat. 993, 1008 ( 2012 ).  

     75.     126 Stat. 993, 1026 ( 2012 ).  

     76.     37 Stat. 822 ( 1913 ), 21 U.S.C. 151.  

     77.     82 Stat. 342 ( 1968 ); section 512 of the FD & C Act, 21 

U.S.C. 360b.  

understand the regulatory risks involved and comply 
adequately with all FDA requirements.  
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Introduction 

Background 
 The Food and Drug Administration (FDA) is one of 
the largest and most complex agencies dealing with 
drug development, evaluation and approval. Separate 
centres handle drugs and therapeutic biologics, vac-
cines and blood products, devices and food. At the 
same time, personnel within the agency are accessible 
and a wealth of information is readily available to 
help guide novice and experienced pharmaceutical 
personnel alike through the process. The FDA has a 
website ( www.fda.gov ) which gives ready access to 
food and drug law, offi cial guidelines and unoffi cial 
guidance documents for drugs, biologics, medical 
devices and foods. Also, one can fi nd FDA press 
releases and  ‘ talk papers ’  on a variety of topics of 
current interest as well as information concerning the 
FDA advisory committees. Chapter  21  of the Code of 
Federal Regulations (21 CFR) contains the offi cial 
regulations for the FDA. A printed version is available 
through the US Superintendent of Documents. The 
Federal Food, Drug, and Cosmetic Act applies to 
drugs and devices, while the Public Health Service Act 
governs biologics. Regulation of biologics and drug 
development has been largely harmonised, and regu-
latory responsibilities for drugs and therapeutic bio-
logics have been consolidated within the Center 
for Drug Evaluation and Review (CDER) (see  ‘ FDA 
organisation ’ , later). 

 The FDA, like all drug regulatory agencies world-
wide, is in continual evolution in response to fl uctu-
ating (and often inconsistent) desires from consumers 
and voters, economic changes and scientifi c develop-
ments. For example, patients and physicians express 
confl icting desires both for more rapid approval of 
potentially life - saving drugs, and for drugs that are 
free from safety problems which frequently seem to 
emerge after marketing commences. As forecast in 
earlier editions of this book, the pharmaceutical 
industry has experienced substantial consolidation, 
increasingly relied on the biotechnology industry for 
drug discovery and early development, and shifted 
sourcing of active drug ingredients and clinical trials 
materials outside the USA (often to areas that have 
less rigorous traditions of government oversight and 
protection of consumers and research subjects). 
At the same time, the US government has brought 
numerous, high - visibility lawsuits against allegedly 
illegal marketing practices by drug companies, which 
in turn have severely damaged the industry ’ s public 
image. Finally, emerging technologies  –  from linked 
electronic medical records, to high - speed DNA se -
quencing and computational modelling  –  promise 
more refi ned analyses of which patients might benefi t 
from or be harmed by specifi c drugs. 

 In response to the novel opportunities and chal-
lenges these forces present, the FDA has developed 
new tools and adjusted its policies. For example, 
risk management programmes for drugs with narrow 
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did consider effi cacy, at least in the case of drugs with 
major side effects, on the basis that safety (the amount 
of risk allowed) had to take into account each drug ’ s 
effi cacy. Nevertheless, this approach was the excep-
tion, and the agency rarely acknowledged any formal 
evaluation of effectiveness. 

 Another  ‘ drug disaster ’  involving children erupted 
in 1962, when thalidomide was linked to an epidemic 
of birth defects in several countries. Although the 
drug was never marketed in the USA, Congress 
immediately reacted to the incident with major 
changes in the 1938 law. The 1962 legislation changed 
this situation in several respects. First, it required 
affi rmative agency approval of the NDA, rather than 
the mere failure of FDA to object in the 60 days after 
an NDA was submitted. Secondly, it insisted that a 
drug be determined by FDA to be effective for its 
declared use. Thirdly, the legislation required that 
effectiveness be proved by  ‘ adequate and well -
 controlled investigations, including clinical investiga-
tions ’ . Finally, Congress directed the FDA to reassess 
all drugs that had entered the market under the prior 
law, to ensure their effectiveness. This re - evaluation 
became known as the Drug Effi cacy Study Implemen-
tation (DESI) programme. 

 The DESI programme put the FDA and the phar-
maceutical industry on a collision course. If the 
agency found evidence of effectiveness of a marketed 
product was lacking, its manufacturer faced the 
choice of giving up product (and its revenues) or 
investing in new research for old products. The DESI 
programme resulted in protracted litigation and 
painful disputes between drug companies and the 
FDA over prescription drugs. In the process, however, 
both parties learned much more about the nuances 
and complexities of  ‘ adequate and well - controlled ’  
clinical investigations in many diverse and previously 
inadequately studied diseases. The agency promul-
gated the fi rst regulations defi ning the elements of 
such investigations, and companies, physicians and 
regulators then grappled with how to apply these 
principles in designing and interpreting clinical trials 
in virtually all areas of pharmacotherapy. By the time 
DESI was over (1984), and signifi cantly in response 
to it, the science of drug development had taken an 
enormous leap forward. Moreover, academia, indus-
try and the FDA had largely replaced disputes over 
the drug effectiveness requirement with a common 
understanding and acceptance of the methods and 
value of adequate well - controlled studies. In sum, 
there had been a complete paradigm shift. 

 Another collateral effect of the DESI project was 
the development of the abbreviated NDA (ANDA), 

benefi t   :   risk ratios can permit patient access in appro-
priate cases, while minimising hazards from inap-
propriate use. The globalisation of drug supply and 
clinical trials has led to FDA ’ s opening resident offi ces 
for inspectors in India, China and Europe. Many of 
these activities have signifi cant implications for FDA 
resources, requiring either new appropriations or 
reallocations within its approved budget.  

Evolution of the FDA ’s regulation of drugs
and biologics
 Regulation has changed profoundly since 1900, when 
there was no premarket assessment of medical prod-
ucts and only limited post - market government 
policing for safety and fraud. Today, the USA has 
intensive premarket FDA review for safety, effective-
ness, product quality assurance and labelling, fol-
lowed by equally extensive post - market government 
oversight for manufacturing, promotion, safety sur-
veillance, supplemental clinical trials and actual 
medical utilisation of drugs and biologics. (A com-
prehensive review of the laws and regulations that 
govern FDA and industry is found in Chapter  24 .) 
Repeating a few of the pivotal events here, however, 
may be helpful to the reader. 

Emergence of  government preclearance 
 Following the deaths of children from diphtheria vac-
cinations, Congress enacted the Biologics Act of 1902, 
which required all biological products to be licensed, 
upon a prior showing of safety, purity and potency. 
In addition, each facility in which a biological product 
was made also had to be licensed. Originally, licences 
were issued by the Public Health Service; responsibil-
ity was transferred to the FDA in 1972. 

 Another incident resulting in the deaths of chil -
dren  –  the Elixir Sulfanilamide  ‘ disaster ’ in late 1937  –  
led to enactment of the Federal Food, Drug, and 
Cosmetic Act of 1938. In it, Congress directed that any 
 ‘ new drug ’  be reviewed by FDA for safety prior to 
marketing. This authority was not a true approval 
mechanism, in that FDA was only notifi ed of the intent 
to market a product and provided safety information 
in a New Drug Application (NDA) by the manufac-
turer. If the agency did not disapprove the NDA within 
60 days, the product could be launched. Nevertheless, 
the 1938 law extended the concept of premarket gov-
ernment review to all new pharmaceuticals.  

The 1962  Act and premarket  review
for effectiveness
 While the 1938 Act did not explicitly require evidence 
of effectiveness for marketing, in practice, the agency 
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organised along disciplinary lines (e.g. Bureaus of 
Medicine, Science and Compliance). In 1970, it was 
reorganised along product lines (e.g. Bureau of 
Drugs, Bureau of Foods). Within the new Bureau of 
Drugs, the Offi ce of New Drugs was designated to 
manage the drug review process. In 1972, a depart-
mental reorganisation resulted in the transfer of the 
Division of Biologic Standards from the National 
Institutes of Health (NIH) to the FDA, which renamed 
it the Bureau of Biologics. By the late 1980s the 
agency established the CDER and the Center for Bio-
logics Evaluation and Research (CBER). In 2002, 
jurisdiction for many therapeutic biologicals was 
reassigned from CBER to CDER. 

 Attitudes within FDA evolved in parallel to changes 
in regulation.  

The drug lag debate and evolving FDA attitudes
toward  drug approvals 
 By the early 1970s, many observers were questioning 
the impact and value of FDA review of NDAs for 
effectiveness. In particular, cardiologists could point 
to the fact that in a period of almost 5 full years, the 
FDA had not approved a single new molecular entity 
(NME) in their fi eld. The pharmaceutical industry 
was keenly aware of the decline in approvals of NMEs 
via the NDA process, despite the fact that many new 
products were available in Europe. William Wardell 
identifi ed a  ‘ drug lag ’ , showing that the USA had fallen 
behind other pharmaceutically advanced countries 
(e.g. the UK) in terms of the number of new drugs 
approved and the overall capabilities of the therapeu-
tic armamentarium available. Work on the drug lag 
and the wider issues of pharmaceutical policy in gov-
ernment and industry led in 1974 to the founding of 
the Center for the Study of Drug Development by 
Louis Lasagna and William Wardell at the University 
of Rochester Medical Centre. The Center moved to 
Tufts University in the 1980s. 

 No one was offi cially declared the winner in the 
drug lag debate. Nevertheless, the data that emerged 
during the debate had substantial effects. First, there 
was an attitudinal change within FDA about its role 
in consumer protection. While some reviewers 
still viewed their role as fi nding industry errors and 
minimising risk to patients, by the mid 1970s a new 
professional ethic emerged in which the FDA was 
to judge objectively the evidence presented and to 
balance risks and benefi ts. The picture changed to 
one where new drug approval was no longer deemed 
to be a zero - sum game in which benefi t for some was 
possible only at the expense of harm to others. By the 
mid - 1980s, the orientation shifted further, in light of 

by which a generic version of the innovator product 
could satisfy the statutory preconditions for entering 
the market without repeating the preclinical and 
clinical studies of the innovator. This administrative 
creation, designed to assure that generics were both 
pharmaceutically equivalent and bioequivalent to the 
pioneer product, was endorsed by Congress in 1984. 
As will be seen, this development had a staggering 
impact on the business model of the pharmaceutical 
industry.  

Investigational new drug
 Prior to 1962, the agency had no signifi cant oversight 
role in drug research and development until the NDA 
was submitted. After learning, however, that pregnant 
woman were given thalidomide (to prevent morning 
sickness) without being told what the drug was, 
or that it was experimental, Congress demanded 
active federal supervision of clinical research and 
informed consent from all research subjects. The 
result was the investigational new drug (IND) appli-
cation, and a new series of FDA regulations governing 
informed consent, protections of the rights and safety 
of human subjects, and Good Clinical research Prac-
tices (GCPs). 

 In response to demands to accelerate the drug 
review process, however, the FDA perceived opportu-
nities to use the IND process to improve the chances 
that the subsequent NDA would answer the essential 
regulatory questions, or eliminate them by answering 
these questions before the NDA was submitted. Grad-
ually, the chemistry, manufacturing and controls seg-
ments of the IND application moved from merely 
being adequate to assure the safety and consistency of 
the investigational product, to being complete and 
acceptable for NDA purposes. Clinical reviewers and 
biostatisticians provided more guidance on study 
design, to avoid fundamental fl aws that would render 
the fi nal results scientifi cally invalid. Pharmacologists 
and toxicologists urged completion of all preclinical 
studies early in the IND process, so that issues could 
be fl agged in advance of the NDA fi ling, and FDA 
insisted that animal studies be conducted in accord-
ance with Good Laboratory Practices. Overall, the 
IND became burdened with regulatory requests that 
were unnecessary for subject protection but might 
shorten NDA review times and increase the chances 
for ultimate drug approval.  

FDA organisation 
 Implementation of the 1962 amendments, and sub-
sequent challenges, led to a series of organisational 
changes within the agency. In the 1960s, the FDA was 
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drugs for unmet serious medical needs; and increased 
emphasis on validation of early approval decisions. 

 Orphan diseases are those that affect such a small 
number of patients that the market cannot sustain 
the cost of research to fi nd treatments. Beginning in 
1983, Congress responded to this situation by enact-
ing (and strengthening in 1985 and 1986) the Orphan 
Drug Act, which allowed sponsors to seek FDA des-
ignation of pipeline products as  ‘ orphan drugs ’  for 
specifi c indications. Once designated, the sponsors 
could seek funding grants and could receive tax 
credits for research costs. Most signifi cantly, if a 
sponsor was the fi rst to obtain a particular product 
approved for an orphan indication, no other company 
could obtain FDA approval of an identical product, 
for the same use, for 7 years. This exclusivity incentive 
proved powerful and as a result many new drugs 
have reached the market. Congress expanded on this 
concept in 1997, when it provided a 6 - month exten-
sion of market exclusivity for any new drug that 
undergoes additional studies to assess its safety and 
effectiveness for pediatric popuations. 

 In the mid - 1980s, the AIDS crisis exploded. In 
response, the agency rushed through the approval of 
the fi rst diagnostics for HIV and the fi rst therapies 
for AIDS and related opportunistic infections. It also 
adopted regulations to expedite the development, 
evaluation and marketing of new treatments for life -
 threatening diseases. These so - called Subpart E rules 
allowed for early consultations between sponsors and 
the agency on study requirements, treatment proto-
cols, active FDA monitoring of ongoing studies, phase 
IV studies to delineate additional information after 
approval and a risk – benefi t analysis that explicitly 
recognised the severity of the disease and the absence 
of alternative therapies as factors to be considered. 
Later, the FDA initiated fast - track review procedures 
(giving priority for important new drugs over those 
offering smaller contributions to patient health), and 
in 1992, it adopted another set of regulations to 
provide for the accelerated approval of new drugs for 
life - threatening illnesses. These rules, called Subpart 
H, were similar to the Subpart E policies (which 
remained in place) but now authorised the FDA to 
approve drugs based on surrogate endpoints rather 
than mortality effects, to restrict the distribution of 
drugs so approved to special settings, to preclearance 
of advertising copy and to expeditious withdrawal of 
approval if phase IV trials failed to demonstrate a 
clinical benefi t. By 2007, however, FDA and Congress 
were worried about the number of incomplete phase 
IV studies that had been conditions of accelerated 

the AIDS crisis. Drug development was understood 
to be a process wherein approval could be speeded by 
effi cient and timely review of relevant animal and 
human data so that every sector could benefi t  –  the 
sick obviously, but also the medical profession, 
the FDA and the industry. In the 1990s, the termi-
nology became one of  ‘ stakeholders ’  in which the 
agency viewed itself as a neutral party mediating 
between divergent interests and serving all constitu-
ent groups, including industry. This  ‘ customer ’  focus 
itself became a target of criticism by those who felt 
the FDA could not serve both industry and the public 
at the same time, and has become another political 
topic for debate recently. 

 The data on the times it took to prepare an NDA 
(including the IND phase) that emerged during the 
drug lag debate extended the focus to the conse-
quences of the lag. First, Congress became aware of 
the need to restore patent life for time lost in the 
development and review process; the result was the 
Drug Price Competition and Patent Term Restoration 
Act (also known as the Hatch – Waxman Act) in 1984. 
This statute both added back to the effective life of a 
drug patent the full number of days that an NDA was 
under review, and half the number of days the drug 
was in clinical development, and codifi ed the ANDA 
process to assure generic copies of all pharmaceuti-
cals a clear and reasonable pathway to the market. 

 Secondly, continued tracking by FDA of review 
times as a result of the drug lag debate demonstrated 
that at least one cause of delay in approval was inad-
equate resources. Congress and industry agreed to 
fund the FDA directly, in order to provide more 
resources to shorten review times. The Prescription 
Drug User Fee Act (PDUFA) was enacted in 1992, and 
renewed in 1997, 2002 and 2007; each had a 5 - year 
lifespan, and renewal was expected in 2012 for 
another 5 years. 

 By the mid - 1990s, after two decades of attention, 
the pendulum in the speed of the government review 
process had swung clearly in favour of the FDA com-
pared to counterparts in other countries. Whether 
because of the PDUFA resources, the advent of more 
bureaucracy overseas (e.g. the formation of the Euro-
pean Union ’ s central drug approval authority) or 
criticism of delays at the agency, today the USA is 
often the fi rst country to approve new drugs.  

The patient access debate and its consequences
 Three other trends bear noting in terms of the evolu-
tion in FDA ’ s approach to drug regulation: focus on 
orphan drugs and populations; accelerated access to 
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and thus protect patients, had little or no impact on 
physicians ’  prescribing behaviour. The life - threatening 
risks were still occurring. At the same time, an inde-
pendent analysis of drug surveillance studies esti-
mated that adverse events associated with drugs 
accounted for approximately 100,000 deaths per year. 
In other words, drug - related adverse events consti-
tuted a major public health problem, approximating 
the burden of major diseases such as chronic obstruc-
tive pulmonary disease. 

 In response, starting in 1999, the FDA unveiled a 
new initiative, identifying and preventing risks from 
medical products and, in May 2004, the agency pro-
duced several specifi c proposed guidances on risk 
management, covering premarketing risk assessment, 
risk management programmes and pharmacovigi-
lance programmes, as well as a proposal for regula-
tions that represent the most comprehensive overhaul 
of the adverse event reporting regulations ever under-
taken. Although this extensive set of proposed safety 
regulations has not been fi nalised, many features of 
the proposed guidances that are being implemented 
greatly extend the focus on drug safety from phase I 
clinical studies right through the commercial life of a 
product. The FDA now expects detailed collection 
and analyses of clinical safety data in the NDA, plus 
comprehensive pharmacovigilance programmes that 
encompass not only passive spontaneous report sur-
veillance but also proactive programmes. 

 The rigor of this examination is most recently 
refl ected in extensive guidelines for the NDA safety 
review in February 2005. For drugs identifi ed as 
posing signifi cant risks, the FDA now requires 
plans in the NDA, originally called risk management 
action plans [RiskMAPs; now renamed as risk evalu-
ation and mitigation strategy (REMS)] that must go 
beyond the usual education programmes to efforts to 
modify behaviour of the prescriber, pharmacist and/
or patient to optimise utilisation of the drug and 
reduce risk. Further, there is the expectation that 
these efforts and outcomes are evaluable and measur-
able. In general, it is anticipated that these pro-
grammes extend over the life cycle of the drug, 
although the updated legislation in 2007 defi ned 
three discrete evaluation periods for the REMS pro-
grammes: 18 months, 3 years and 7 years. Impor-
tantly, the legislation provided for major changes or 
even discontinuation of the programme at 3 years if 
it was demonstrated that overall use did succeed in 
mitigating risk. 

 The FDA has also formed a Drug Safety and Risk 
Management Advisory Committee during this time, 

approval; consequently, the law was amended to 
permit FDA to impose civil money penalties and take 
other steps if the studies were not performed and 
reported in a timely manner. 

 It is important to cite a recent example of the con-
sequences of failure to establish clinical benefi t for a 
product (or indication) approved under accelerated 
approval procedures. Bevacizumab was approved to 
treat metatstatic breast cancer in 2008. Follow - up 
trials were completed and submitted to FDA; however, 
substantial benefi t was not demonstrated (i.e. patients 
did not live longer or experience an improved quality 
of life). In addition, it was deemed that whatever 
benefi t there might be did not outweigh the risks 
associated with the product. Subsequently, FDA with-
drew approval of bevacizumab for this indication 
(only), but it remains on the market for use in other 
approved indications.  

FDA ’s approach to  drug safety
 In 1938 the concept of drug safety focused on premar-
ket testing and post - approval adulteration. Adverse 
events emerging after a drug entered the marketplace 
were not originially considered part of the FDA ’ s 
responsibility. Thirty years later, however, the situa-
tion had dramatically changed as the agency started its 
adverse event reporting system by taking responsibil-
ity for a registry created by the American Medical 
Association. Thereupon, the agency developed regula-
tions for mandatory reporting of adverse events by 
holders of NDAs (i.e. the manufacturers or marketers 
of drugs), but not by health care professionals who, 
instead, were encouraged to report voluntarily. This 
basic structure remains in place today, and has been 
extended to all prescription and non - prescription 
drugs as well as biological products . Over time, the 
focus of this system has also expanded to identify 
recurring areas of drug toxicity, such as birth defects, 
hepatic or renal injury, and blood dyscrasias. Further, 
the agency began to explore the root cause of such 
reactions and incorporating knowledge into pre -
 approval decision - making. For example, adverse events 
associated with drug interactions at the 3A4 cyto-
chrome p450 metabolising site led to requirements for 
routine premarket testing for these and analogous 
interactions that might increase toxicity. 

 Two other important developments in the last two 
decades have profoundly infl uenced the FDA ’ s strate-
gies in the area of drug safety. First, the agency dis-
covered that labelling changes and  ‘ Dear health care 
professional ’  letters, which had been relied upon to 
advise physicians about serious and preventable risks 
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with privacy protections has been assembled and is 
being tested. Coupled with this surveillance mandate 
were requirements for a number of reports to 
Congress describing progress on all of the surveil-
lance activities. In addition, these activities also 
have the oversight of at least two relatively independ-
ent bodies, the Reagan – Udall Commission and the 
Health Information Technology Board formed by the 
Department of Health and Human Services to coor-
dinate use of electronic data. In parallel, the biophar-
maceutical industry, in dialogue with the FDA has 
also assembled a major effort, the Observational 
Medical Outcomes Partnership which is a public –
 private partnership designed to help improve the 
monitoring of drugs for safety. The partnership is 
conducting a multi - year initiative to research methods 
that are feasible and useful to analyse existing health 
care databases to identify and evaluate safety and 
benefi t issues of drugs already on the market. The 
ultimate goal of all of these efforts has been to enable 
both earlier identifi cation and prediction of risk as 
well as very early detection of even rare risks (not 
detected in development) through surveillance of 
very large populations, where the risk can be put in 
context with outcomes in the exposed populations.  

Is the FDA becoming less risk averse? 
 By the end of the twentieth century, the effectiveness 
requirement, requiring proof through more than one 
adequate and well - controlled clinical investigation, 
remained the standard to which most new drugs were 
held. Important therapeutic breakthroughs, however, 
could reach patients earlier or faster through one 
or more administrative mechanisms created by the 
agency. As a result of the resources provided by 
PDUFA, the FDA has become the largest and best -
 staffed drug regulatory agency in the world, setting 
standards that infl uence all other countries. 

 Criticisms of slowness, rigidity and authoritarian-
ism are still heard from industry, but less so. One can 
debate whether the decline is because of improve-
ments within the agency, or because industry now 
contains a large number of employees whose careers 
depend largely on satisfying the FDA ’ s demands or 
the reluctance of industry to express concerns pub-
licly. The FDA has become a signifi cant  ‘ sponsor ’  or 
 ‘ patron ’  of many diverse elements within the indus-
try; its laws provide economic benefi ts to the industry 
(such as limiting parallel imports and generic com-
petition); it has the power to cripple or destroy indi-
vidual companies. Thus, for many reasons, regulatory 
decisions may be less vigorously challenged or resisted 

provided specifi c training for the members and has 
subsequently placed selected members on advisory 
committee panels to consider various risks or to 
review existing risk management programmes. 

 The focus on safety has continued to expand, 
driven in part by what many consider as a watershed 
event in September 2004. The manufacturer of ro -
fecoxib, a widely used COX - 2 inhibitor non - steroidal 
anti - infl ammatory drug for arthritis, suspended mar-
keting worldwide because of late appearing cardio-
vascular risks that were quantifi ed after marketing. In 
another case, in August 2004, the agency determined 
that at least some selective serotonin reuptake inhibi-
tors for depression may increase the risk of suicide in 
some patients, particularly children. In both cases, the 
risks were identifi ed (and only identifi able) through 
meta - analysis of safety data in randomised controlled 
clinical trials, which traditionally have focused only 
on drug effectiveness. Some experts began suggesting 
the expanded use of such meta - analyses of these data 
in trials to assess safety. Meanwhile, congressional 
hearings unearthed scientifi c dissent within the 
agency and called for more effective safety monitor-
ing. In February 2005, the agency announced a new 
Safety Oversight Board, comprising of experts from 
the FDA, other government agencies and academia, 
to provide oversight to the drug safety assessment 
process. 

 The FDA ’ s approach to drug safety since this time 
has been the topic of constant scrutiny and study. The 
Institute of Medicine took on the themes sounded in 
1999, and convened panels and published reports on 
medication errors and in 2006, on the FDA ’ s drug 
safety process (in part at the request of the FDA) 
 [1 – 3] . Congress went on to develop and pass major 
legislation that addressed a number of recommenda-
tions, particularly in the 2006 report. This legislation, 
a congressional endorsement and rewrite of the FDA ’ s 
recent policy initiatives, incorporates major require-
ments for an expanded function of safety responsibil-
ity, including broadening of the risk management 
concept to require consideration of REMS early in 
clinical development for any new product. Further, it 
authorised considerably more personnel resources 
for this part of the agency and mandated the estab-
lishment of a national Sentinal System to proactively 
collect data on all FDA - regulated products through 
various networks of electronic health care data in the 
health care system, ultimately capturing data on 150 
million persons. This would allow identifi cation of 
rare adverse events far earlier than before. To date, a 
distributed system of diverse health care databases 
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mation concerning the effi cacy and safety of the drug 
in the intended patient population. For the FDA, 
these studies have traditionally been to provide infor-
mation on benefi t – risk, as well as prescribing infor-
mation for physicians. Historically, two adequate 
and well - controlled studies (usually phase III) were 
required for drug approval, often including the use of 
placebo. In addition, for chronic use drugs, longer 
term experience is required (i.e. beyond 6 – 12 months 
of treatment). International Conference on Harmo-
nisation (ICH) guidelines now describe recom-
mended durations and numbers for chronic testing 
(see FDA website), although there are examples of 
FDA requiring even more than these minimum 
numbers. For oncology and AIDS drugs, phase II 
studies have been accepted in support of approval, 
and in some cases only a single adequate and well -
 controlled study is considered suffi cient. To clarify the 
requirement for the number of studies, Food and 
Drug Administration Modernization Act specifi cally 
stated that a single  ‘ adequate and well - controlled ’  
study is suffi cient provided that  ‘ confi rmatory evi-
dence ’  is obtained before or after the trial. Any 
sponsor considering relying on a single study should 
discuss the acceptability of the proposed single trial 
with the FDA early in the development process. 

 It is important to note that the phases described 
above are not mutually exclusive and are not neces-
sarily performed in strict linear order. These defi ni-
tions have become increasingly blurred with the 
accelerated development plans seen with drugs for 
the treatment of serious and life - threatening disor-
ders. It is becoming more important to ask of each 
study, what will be learned and what the study con-
tributes to proof of either effi cacy or safety, or ulti-
mately to the product label. The evidence required 
for approval increases inexorably year by year. For 
example, increasing emphasis has been placed on 
exploring drug use in special populations, such as the 
elderly, the young and patients with hepatic or renal 
impairment, and to characterise possible major drug 
interactions. The most recent major addition has 
been studies to address cardiovascular safety (e.g. 
QTc prolongation) which may alone add a cost of 
one to several million dollars to each development 
programme.  

Working with the  FDA 
 The FDA is open to meaningful and productive com-
munication. Meetings can be by tele - conference, 
video - conference or face to face. The FDA procedure 
refers to a  ‘ centre [FDA] component ’ , which in most 

by industry today than 40 years ago, at the height 
of DESI. 

 In the wake of its drug safety activities, however, 
there has been a persistent concern that the FDA is 
becoming more risk - averse, resulting in more require-
ments for pre - approval safety testing, more delays 
in drug approvals and more restrictions on post -
 approval use of drugs. Data on drug approvals 
showed a considerable decline in 2007 – 2008, although 
not all of the FDA ’ s refusals to approve were related 
to safety. In fact, any actual demonstration of risk 
averseness is diffi cult, in part because many drugs 
reviewed are being used to extend life - span in patients 
with life - threatening conditions (e.g. cancer, AIDS) 
where the benefi t – risk balance is clearly unusual. 
Recent fi gures show some improvement in produc-
tivity at the FDA, despite the setback earlier in the 
decade  [4] .   

Phases of drug development
 As described in more detail in  ‘ Investigational new 
drug application ’ , initiation of clinical testing must be 
preceded by submission of an IND application to the 
FDA for review, prior to introduction in humans. 
Investigations may proceed if a review of the preclini-
cal data provides no basis for the agency to place a 
clinical hold on testing. Clinical drug development 
leading to product approval is described in three 
phases. Phase I is described as the initial introduction 
into humans. Studies conducted in this phase of 
development are intended to determine the toler -
ance (dose range), metabolism and pharmacological 
actions of the drug in humans and to characterise the 
adverse experiences associated with increasing doses. 
Studies in phase I are usually closely monitored and 
may be conducted in patients as well as healthy sub-
jects, depending on the nature of the drug as well as 
the type of information being sought. Drug interac-
tion studies are also likely to be conducted. 

 In phase II, studies are conducted to prove the 
therapeutic concept, and evaluate effi cacy and assure 
that measures of effi cacy are adequate. Importantly, 
dose – response studies are conducted to determine 
the therapeutically useful dose range and to establish 
doses to be used in full - scale clinical trials. These 
studies are closely monitored and well controlled in 
a small to moderate numbers of patients with the 
condition of interest. Study results may also give 
some idea of common dose - related adverse events 
following short - term therapy. 

 Phase III studies are usually large and parallel -
 controlled in design. They provide expanded infor-
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 It is very important for the sponsor and the FDA 
to keep complete and accurate minutes of offi cial 
meetings, and in some cases these are taken at the 
meeting with both parties agreeing to the wording. 
Often, the FDA provides draft responses to questions 
posed by the sponsor prior to or at the time of the 
actual meeting. This greatly facilitates communica-
tion of issues and possible pathways to address data 
requirements. The FDA procedure for meetings out-
lines distribution within the agency. The minutes of 
the meeting should be exchanged between agency 
and sponsor to minimise misunderstandings. These 
minutes provide a record of agreements reached and 
they may be very important as development proceeds 
and at the time of NDA submission.   

Investigational new drug application

General  considerations 
 An IND is required before clinical testing of a new 
drug can begin in the USA. The information require-
ments for the IND are found in part 312 of the Code 
of Federal Regulations (21 CFR 312). The purpose of 
the IND is to provide a scientifi c rationale for study-
ing the drug or biologic in humans and suffi cient 
information from preclinical studies to warrant the 
risk of exposure in humans. Although the informa-
tion to be submitted is specifi ed in the regulations, 
there is fl exibility as to the amount and type of infor-
mation needed, based on the design of the fi rst trials 
to be performed under the IND. For example, if all 
that is needed initially is to test the bioavailability of 
a drug in humans, the requirements for data may be 
less than for a more extensive phase I programme. 
Although there are exceptions, the FDA generally 
requires a separate IND for each dosage form and 
research target (e.g. heart failure and asthma). Cross -
 referencing to information contained in an existing 
IND is permitted and reduces the need for duplicate 
paperwork. 

 The FDA has clarifi ed the minimum requirements 
for an IND submission in three areas: chemistry, ac-
ceptance of draft toxicology reports (draft) and size 
(2 – 3 volumes, each 3 inches thick) in an attempt to 
relax current practices somewhat, to the level required 
for a UK clinical trial exemption. However, full toxi-
cology reports are to be provided within a short time 
after the initial drafts, highlighting what, if anything, 
differs from the submitted drafts  [6].  Conversely, 
information needed to conduct human studies in the 

cases will be the FDA division responsible for the 
IND, and eventually for the NDA [or in the case of 
biologics, the Biologics Licence Application (BLA)]. 
The meeting request must be in writing, usually pre-
ceded by a telephone call to the project manager 
responsible for the drug to discuss the need for the 
meeting and to make preliminary arrangements. 
The written request for the meeting should specify 
the purpose of the meeting, a list of specifi c objectives 
that the sponsor has for the meeting, a proposed 
agenda, a list of sponsor attendees, a request for FDA 
attendees and the timing of submission of a back-
ground document for the meeting  [5] . 

 The director of the FDA component, usually the 
division director, will determine whether the meeting 
is appropriate. Normally, the background document 
must be sent to the FDA at least 4 weeks prior to the 
meeting. Once the division director has agreed to a 
meeting, the reviewing division has 14 days to set a 
date with the sponsor (the earliest date when FDA 
participants can be available) within 30 – 75 days, 
depending on the type of meeting. 

 The FDA is usually quite accommodating about 
meetings, but meetings should not be requested friv-
olously or prematurely. In preparing for an FDA 
meeting the sponsor should prepare and submit an 
agenda and background document to the FDA 
reviewing division. This should not be too lengthy, 
and large documents should be submitted as appen-
dices to the background document. The sponsor 
should submit specifi c questions for the FDA to 
address. Any presentation should conform to the 
written material submitted and should be succinct 
and focused. It is rare to obtain more than 1 hour, 
and time must be allotted for dialogue. Rehearsal is 
important to avoid unclear presentations and to focus 
clearly on key questions and meeting objectives. 
Because the agency usually has an internal meeting to 
discuss the questions prior to the meeting with a 
sponsor, at the sponsor meeting the agency often 
decides to dispense with the formal presentation and 
go straight to the sponsor ’ s questions and discussion. 
When the FDA requests that presentations be omitted, 
the sponsor should follow the agency ’ s lead and listen 
and respond to the comments. If, during the discus-
sion, there are areas that require clarifi cation, there 
may be parts of the planned presentation that can 
be used. The timing of the meeting may have some 
importance in terms of confi dentiality; for example, 
there are regulations protecting the confi dentiality of 
an existing IND, but they may not apply to a meeting 
held before an IND has been submitted. 
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operating procedures, auditing standards, case report 
forms, coding dictionaries and databases of these 
groups when the latter are the sponsors independent 
of the company. At the same time, these groups may 
well be the most cost - effi cient and expeditious way of 
developing a new drug, and they may control access 
to specialised resources (e.g. specialised clinical labo-
ratories). These factors (in addition to ownership 
issues) must be carefully weighed before a decision is 
taken to rely on any outside sponsorship for drug 
development.  

IND submission and review
 An IND is submitted to the appropriate reviewing 
division within CDER (see 21 CFR 312.23 for IND 
content and format). If there is uncertainty as to the 
appropriate reviewing divisions, one should check 
with the division considered most likely and obtain 
guidance. For both drugs and biologics, one may also 
consult the offi ce of the deputy director. Once an IND 
is submitted the reviewing division will acknowledge 
receipt, and the date of receipt becomes the offi cial 
date for review purposes. Once an IND is submitted, 
the FDA reviewing division has 30 days from the offi -
cial submission date in the acknowledgment letter in 
which to evaluate the information contained in the 
IND and to decide whether the information supports 
proceeding with the initial human study protocol. 
There is no offi cial  ‘ approval ’  of an IND; rather, it is 
 ‘ allowed ’ . If the FDA raises no  ‘ hold ’  issues during 
the 30 - day evaluation period, the sponsor is free to 
proceed. However, it is generally good practice to 
contact the agency prior to study initiation to confi rm 
that there are no concerns related to starting the 
planned study. 

 The FDA may respond to the IND with questions 
and concerns in writing. These may be requests for 
clarifi cation or issues that need to be addressed 
during the drug development process. If the FDA 
feels that the planned study poses a signifi cant safety 
risk to human subjects they may inform the sponsor 
that the study cannot proceed. This act is referred to 
as placing a  ‘ clinical hold ’  on the IND. A clinical hold 
may be complete or partial. In the latter case, the FDA 
may place a hold on certain aspects of the planned 
development while permitting the sponsor to proceed 
with other aspects. For example, the planned study 
may be a dose - escalation trial and the FDA may 
only permit a single dose level based on the informa-
tion provided in the IND. When an IND is placed 
on clinical hold, the FDA is obliged to explain its 
concern and make clear to the sponsor what is needed 

European Union has increased, with the implementa-
tion of the Clinical Trial Directive. 

 An individual (rather than an industrial sponsor) 
may also submit an IND for the purpose of conduct-
ing clinical investigations. Such an individual is 
referred to as an investigator - sponsor. If the investiga-
tor plans to study a drug already subject to an IND 
held by an industrial or other sponsor, he or she 
can request that the sponsor allow them to cross -
 reference the existing IND. A letter from the IND 
sponsor allowing cross - referencing by the investigator -
 sponsor is usually all that is needed. These situations 
usually occur when an investigator wishes to pursue 
a research target not of interest to the industrial 
sponsor. The request for cross - referencing may be 
denied if the planned investigation is felt not to be 
consonant with the development of the drug. An 
investigator - sponsor may, however, proceed if he or 
she supplies information independent of the indus-
trial sponsor to support the investigator - sponsor 
application and thus meet FDA data requirements. 
This is usually beyond the individual capabilities of 
the investigator - sponsor, especially for drugs not yet 
approved for any indication. 

 The question of the benefi ts and risks of investiga-
tor sponsored INDs is often raised by small phar-
maceutical companies, who are attracted to the 
independence, and often the lower initial cost, that 
this entails. Investigators are responsible for all the 
administrative support of their own INDs and main-
tain responsibility for meeting all IND reporting and 
performance obligations. Usually, the initial costs are 
indeed less to the small company, as the investigator 
is often willing to handle the IND requirement 
because he or she may have independent funding for 
the conduct of the study. The risk to the company is 
the lack of control over the study (and the drug) that 
this independence entails. The investigator may not 
perform the study to the standards needed, or may 
fail to report safety data in an appropriate and timely 
manner. Any of these failures could raise issues for 
the development of the drug and could have an 
adverse impact on the drug, the programme and the 
company. 

 Similar issues of control and development priori-
ties are raised when studies are conducted under the 
auspices of any organisation not contractually bound 
to the company. Examples include NIH entities such 
as the National Cancer Institute or any of the cancer 
cooperative study groups, or the AIDS Cooperative 
Trials Group. The company is at the mercy of the 
priorities, sense of urgency, objectives, standard 
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ultimate approval of the drug, it is vital to seek FDA 
commitment at this juncture. 

 The timing of the end of phase II meeting is 
important. The meeting should be scheduled when 
suffi cient information from earlier phases of develop-
ment is available, yet early enough to permit planning 
and preparation for phase III. The information avail-
able must be in a condition to permit adequate 
summary and analysis. The background package 
of information presented to the FDA is critical to 
achieving the objectives of the meeting. At this stage, 
one should have ready a  ‘ target package insert ’  with 
clearly stated desired claims and careful annotation 
showing the existing or planned studies that are 
intended to support these claims. This is pivotal for 
obtaining detailed advice and opinion from the 
agency. A clinical development plan has little meaning 
unless related to the precise language of a package 
insert  ‘ Indications ’  section. Also, if any specifi c safety 
statements are desired or anticipated these should be 
highlighted and the data supporting them referenced 
in the background material. This meeting needs 
intense preparation. In order to achieve the objectives 
in the limited time available, any presentations must 
be concise and focused. If the FDA has reviewed the 
background material the agency may wish to omit the 
sponsor ’ s presentations, but the sponsor must still be 
prepared. 

 Sponsors may request assessment of specifi c pro-
tocols to determine if individual studies are adequate 
to meet scientifi c and regulatory requirements, 
including:
1.     animal carcinogenicity protocols;  
2.     fi nal product stability protocols; and  
3.     clinical protocols for phase III trials.    
 These assessments, if agreed to by sponsor and the 
FDA, are documented in writing  [8] . 

 Another important aspect is that the FDA is 
required to provide its best judgement, at that time, 
of the paediatric studies required for the drug product 
and whether their submission will be deferred until 
after approval [21 CFR 312.47(b)(v)]. This agency 
viewpoint is crucial to understand early, and to be 
able to develop an appropriate programme. Minutes 
of the meeting are developed and provided by the 
FDA to the sponsor.  

IND amendments
 The IND evolves with the development programme. 
It is amended with each new protocol and with each 
meaningful change in an existing protocol. It is par-
ticularly important to remember to amend a protocol 

to respond. Guidance documents require the review-
ing division to communicate its concerns by tele-
phone and with a written communication within 5 
working days. The sponsor then responds and the 
FDA must reply within 30 days as to the adequacy of 
the response  [7].  If the hold is not lifted, formal 
appeal to the offi ce level may be needed to resolve 
differences of opinion.  

IND meetings ( s ee 21  CFR  312.47) 
Early IND meetings
 One of the decisions that a sponsor should make 
regarding the time immediately before or after fi ling 
an IND is whether to request a meeting with FDA to 
discuss the submission. The FDA is receptive to offer-
ing early advice and counsel. Reasons for requesting 
a meeting in the early phases of an IND are varied. 
The sponsor may have concerns regarding some 
element of the IND; for example, they may wish to 
have as a fi rst study relatively long exposure, and there 
may be problems with the adequacy of the animal 
toxicological data to support the exposure planned. 
The sponsor may wish to introduce the FDA to 
what they feel is a very interesting and promising 
development project. Another reason for requesting 
a meeting might be to determine whether the early 
development programme is adequate to achieve the 
stated objectives. If the latter is the primary purpose 
of the meeting, it is highly recommended that the 
sponsor present a plan to the FDA for comment and 
discussion, rather than asking the agency how to 
proceed. This latter approach can lead to less produc-
tive dialogue and perhaps a less than focused or less 
commercially feasible development programme.   

End of phase II meeting and special
protocol  assessments
 For most drugs, one of the most important meetings 
with the FDA in the new drug development process 
is the end of phase II meeting. This was initially 
directed at drugs of specifi c interest because of either 
medical need or possible toxicity. This meeting is now 
standard at the FDA for development planning. Its 
purpose is to present to the FDA the results of studies 
conducted during phases I and II to gain the agency ’ s 
concurrence that it is safe and reasonable to proceed 
to phase III. More importantly, assuming there is 
concurrence to proceed, the meeting serves to review 
plans for phase III development. Written agreements 
with the FDA on the adequacy of design of the key 
effi cacy trials can be obtained. Because phase III can 
be very expensive for the sponsor and critical to the 
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brief summary of the status of each study completed 
or in progress. If a study is complete, a brief descrip-
tion of the fi ndings should be presented, and if in 
progress any interim results available should be sum-
marised. A summary of all IND safety reports sub-
mitted during the year must be included, along with 
tabulations of the most frequent and serious adverse 
experiences observed. Listings of all patients who 
died or who discontinued from the study because 
of adverse events (regardless of causality) must also 
be included. All preclinical studies completed or in 
progress during the year should be listed and any new 
fi ndings summarised. New manufacturing informa-
tion should also be presented. There is fl exibility in 
the format of the report but it is important to submit 
it in a timely manner. Extensions may be granted 
upon request to the agency.  

IND issues for drugs that treat  serious or 
life-threatening  conditions
 IN 1997, Congress amended the FDA statute to 
codify  ‘ fast - track ’  procedures that had previously 
been addressed in 21 CFR 312 Subpart E, for drugs 
intended to treat  ‘ life - threatening and severely debili-
tating illnesses ’ . The act refers to a drug  ‘ intended for 
the treatment of a serious or life - threatening condi-
tion [that] demonstrates the potential to address 
unmet medical needs for such a condition ’ . Sponsors 
apply for  ‘ fast - track ’  status and, if granted by the FDA, 
receive expedited review of the application based 
on clinical or surrogate measures  ‘ reasonably likely 
to predict clinical benefi t ’ . Fast - track drugs may also 
undergo a  ‘ rolling NDA or BLA review ’ , whereby criti-
cal parts of an otherwise incomplete application can 
be reviewed, while results from ongoing studies are 
added as the review progresses. Drugs approved 
under  ‘ fast track ’  are subject to various conditions 
and limitations beyond those approved by the routine 
processes, including requirements to carry out defi ni-
tive studies post - approval, FDA pre - clearance of pro-
motional material and a procedure for accelerated 
withdrawal of the drug from the market in cases 
where clinical benefi t is not confi rmed (see  ‘ The 
patient access debate and its consequences ’  earlier. 
Because development is accelerated under this proce-
dure, sponsor and agency interactions are more fre-
quent and intense than for other applications. For 
example, the enhanced interactions allow for an end 
of phase I meeting, where guidance might be offered 
that would allow an adequate and well - controlled 
phase II study or studies to be used as the basis of 
approval. 

when there is a change in design or in the scope of 
the study. The sponsor may begin a new study or 
implement a change in protocol when the protocol or 
protocol amendment has been submitted to the FDA 
for review and approval obtained from the institu-
tional review board responsible for the study. 

 There are also information amendments submitted 
to the IND that incorporate new information con-
cerning the drug under study. Examples include 
new toxicology data or new information concerning 
chemistry, manufacturing or controls of the drug. 
These amendments are essential to support new clini-
cal protocols or amendments. There are proposals 
currently being discussed to determine the feasibility 
and desirability of submitting the original IND and 
subsequent amendments electronically. If this is done 
well, the body of information can be more accessible 
to the FDA reviewers and lead to a more comprehen-
sive knowledge base in anticipation of a future NDA 
submission. This concept has been referred to as a 
 ‘ cumulative ’  IND. 

 The IND safety report is another important type 
of IND amendment. Any serious unexpected adverse 
experience associated with the use of the drug occur-
ring in clinical trials or in animal studies must be 
submitted to FDA; the regulations defi ne  ‘ serious ’  and 
 ‘ unexpected ’  (21 CFR 312.32).  ‘ Associated with ’  is 
somewhat more subjectively defi ned as an event for 
 ‘ which there is a reasonable possibility that the event 
might have been caused by the drug ’ . In effect, asso-
ciation is presumed unless it can be defi nitively be 
disproven. The sponsor must report to the FDA and 
notify all participating investigators in writing within 
15 calendar days following the initial receipt of a 
report of a serious and unexpected adverse event 
from any source. It does not matter whether or not 
the event itself occurred in a study conducted under 
the IND for it to be reportable. If the safety report 
concerns an unexpected fatal or life - threatening 
event, the FDA is to be notifi ed by telephone within 
7 calendar days, with a follow - on written report 
within 15 calendar days of the sponsor ’ s initial receipt 
of the report. It is critical that the regulations con-
cerning IND safety reports be reviewed in detail as 
there are several nuances of interpretation, and strict 
compliance is essential.  

IND annual reports
 Within 60 days of the anniversary date on which the 
IND went into effect, the sponsor must submit an 
annual report. Regulations (21 CFR 312.33) outline 
the requirements for this report. It should include a 
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meeting ’ ). Commonly, case report forms and data 
tabulations have been submitted in electronic port-
able document fi le (PDF) format, greatly reducing 
the volume of paper that needs to be submitted to the 
FDA. Other electronic document approaches beyond 
simple imaging (PDF) are also available. It is now 
possible that NDAs can be submitted entirely in elec-
tronic form. Several guidelines have been issued 
which outline the requirements for such submissions, 
including the need for electronic signatures  [9,10] . 

 Recently, the FDA has promulgated specifi c pro-
posed guidances on the structure and activities for 
pre - marketing risk assessment, and fi nal guidances 
have been issued  [11] . This guidance is in the context 
of an overall initiative by the FDA to promote  ‘ risk 
management ’  planning as part of the NDA process. 
This process evolved from the original Guidances 
published in 2005 describing  ‘ Risk Management 
Action Plans (RiskMAPs) ’   [12]  to REMS outlined 
in the 2007 Food and Drug Administration Amend-
ments Act legislation that specifi ed that such plans 
be considered for all drugs. Implicit in this evolution 
of focus upon clinical risk has been the need to 
identify potential risks at progressively earlier stages 
of development. 

 This legislation also mandated that the agency 
complement this drug by drug risk management with 
development and maintenance of a large population -
 based epidemiological resource, the Sentinel System 
of  > 100 million persons, to allow timely surveillance 
of drug risks at very early stages (enabled by the 
power inherent in the large populations to detect 
even rare risk). The expectation implicit in these pro-
posed guidances and other actions by the FDA is that 
each NDA may need to consider whether a REMS is 
needed for a particular risk. It is also implied that if 
this is the case, the NDA should include descriptions 
of this plan and how it will be evaluated, which may 
include pre - market testing of the REMS mitigation 
plan as part of the NDA clinical trials. This testing 
may include evaluation of communications or other 
interventions to be used in the post - marketing period 
 [13 – 16] . The NDA is a  ‘ layered ’  document. There 
are summary documents, individual study reports 
and actual data tabulations. The ICH Conferences 
have made considerable progress in harmonising the 
content of many sections of the US NDA and the EU 
dossier. The ICH has now agreed on the Common 
Technical Document (CTD) that will, as the name 
implies, be a common approach to dossiers in the 
three participating regions of the world: the USA, the 
European Union and Japan. The NDA now differs in 

 Another set of regulations (21 CFR 312.34) governs 
the availability of a treatment IND or protocol. A 
treatment IND or protocol allows a drug to be made 
available to patients not otherwise eligible to partici-
pate in clinical studies that are part of the drug devel-
opment programme. A treatment protocol may be 
fi led when the drug provides a possible treatment for 
a serious or life - threatening disorder where no alter-
native therapy is available. A treatment protocol may 
be fi led during phase III, or when all clinical studies 
have been completed. When the drug is clearly valu-
able, a treatment IND can be fi led as early as phase 
II. The regulations spell out the information that 
must be provided when submitting a treatment pro-
tocol. The FDA must determine that there is suffi cient 
information to suggest that the drug may offer the 
prospect of effi cacy and that the risks for use are 
acceptable. The sponsor must also give assurances 
that they are continuing the development of a drug 
with due diligence. The sponsor should be aware that 
there is a risk that making the drug available under 
a treatment protocol may reduce the ability of the 
sponsor to recruit patients into the controlled trials, 
thereby delaying ultimate approval of the NDA.   

New drug application ( NDA  or  BLA)

General  considerations 
 The NDA (as well as its counterpart the BLA) is an 
organised presentation of all the information col-
lected during the drug development process assem-
bled into a format allowing FDA review. (Because of 
the parallel structures, all references to NDA hereafter 
also cover the BLA.) Despite the voluminous nature 
of a full NDA, the essence of the product is captured 
in the proposed labelling. The labelling essentially 
summarises important aspects of the development 
programme. More importantly, the labelling provides 
information about the product and how to use it, 
what patient population might benefi t from treat-
ment and what important considerations should 
drive the safe use of the product. The FDA focuses on 
the intended use of the product, and their review is 
always considered in that context. 

 The regulations governing the NDA are found in 
21 CFR 314. In addition, the FDA has issued detailed 
guidelines on the content and format of the NDA, 
which can be accessed on the FDA website. It is 
important to note, however, that the reviewing divi-
sion may have specifi c format or organisational needs 
for the data to ensure speedy review (see  ‘ Pre - NDA 



The US FDA in the drug development evaluation and approval process 513

review. If the FDA fi nds that some critical informa-
tion is missing, the agency will notify the sponsor that 
the NDA is not fi led (i.e. not complete). In that case 
the agency must state the nature of the defi ciency 
so the sponsor can resubmit with the needed infor-
mation. The sponsor forfeits half of the application 
fee if the NDA is not accepted for fi ling. For drugs 
reviewed under fast - track procedures, an incomplete 
NDA can be fi led for review and additional data sub-
mitted during the review process (the  ‘ rolling review ’  
referred to earlier). 

 The offi cial fi ling date is 60 days after receipt of the 
submission, if no signifi cant defi ciencies in the appli-
cation have been found. User fee legislation sets 
specifi c performance targets for the agency and in 
general sponsors can anticipate a complete review 
within the time - frame applicable to the classifi cation 
of the submission. There is a  ‘ sunset ’  clause in the 
PDUFA that requires reapproval every 5 years. It was 
last renewed in 2007, and negotiations have culmi-
nated in another extension in 2012.  

NDA classifi cation 
 NDA submissions are classifi ed by the FDA as being 
subject to either standard or priority review. Priority 
applications are targeted for, and tracked to, an action 
at 6 months. The standard applications are targeted 
for action at 10 months. The sponsor may request the 
priority review status to be applied. This request is 
usually contained in the covering letter, along with 
the rationale for the request. Although there are 
general guidelines that address the basis for ascribing 
priority review status, decisions are not always clear -
 cut and arguments provided by the sponsor may help 
guide the agency. Nevertheless, the FDA considers 
for priority review classifi cation a drug product that 
would be a signifi cant improvement compared to 
marketed products, demonstrated by:
1.     evidence of increased effectiveness in treatment, 
prevention or diagnosis of disease;  
2.     elimination or substantial reduction of a treat-
ment limiting drug reaction;  
3.     documented enhancement of patient compli -
ance; or  
4.     evidence of safety and effectiveness in a new sub-
population  [17] .     

Monitoring the review of the NDA 
 Once the NDA has been fi led, the sponsor should 
monitor the progress of the NDA review in order 
to detect problems or concerns at the earliest possi -
ble moment. This monitoring or tracking must be 

two main ways from the CTD dossier submitted in 
the European Union:
1.     in the greater amount of raw data contained in 
the NDA submission compared to the European 
dossier; and  
2.     in the substitution of well - defi ned integrated sum-
maries of safety and effectiveness for expert reports 
in the European dossier.    
 This resulted from historical, cultural, legal and struc-
tural differences between US and European regula-
tory bodies. In general, Europeans have relied more 
heavily on outside experts to review applications. In 
addition, the requirements for the electronic version, 
the eCTD, have been worked out. If companies are 
interested in submitting via eCTD, they must contact 
the FDA well in advance in order to make sure that 
submissions will meet the requirements and that 
appropriate testing of the eCTD system can occur 
 [9,10] .  

Pre -NDA meeting
 As preparations for the submission of an NDA begin, 
there needs to be a pre - NDA meeting with the FDA 
reviewing division. This meeting focuses on format, 
not content, and is important to eliminate delays that 
can occur when an NDA does not meet the specifi c 
needs of the assigned reviewers at the FDA (21 CFR 
312.47). The sponsor should provide to the FDA an 
idea of the types and volume of information to be 
submitted, as well as the plan for data summary, pres-
entation and analysis. The FDA should provide to 
the sponsor any specifi c requests for the display and 
analysis of data. Electronic formats for databases to 
be submitted and specifi c requests have become more 
routine, and a good understanding of what is planned 
and needed can help improve effi ciency and mini-
mise later diffi culties.  

NDA submission
 The sponsor submits the NDA along with an appro-
priate application fee (currently in the range of $1.6 
million), and the FDA reviews the application for 
completeness, which is to determine whether all parts 
of the NDA are present, in particular the information 
critical for their review. If the NDA is complete 
enough for review it is  ‘ fi led ’  (accepted) by the FDA. 
The agency has 60 days in which to perform this 
 ‘ completeness ’  review, and communicates the status 
of the review in a  ‘ 74 - day ’  letter (i.e. 2 weeks after the 
60 - day period expires). The completeness review is 
important under user fee legislation, as the review 
clock starts with the FDA ’ s receipt of an NDA for 
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    •      An approval letter meant that the submitted infor-
mation justifi ed approval. The only action usually 
requested for this type of letter was the submission of 
fi nal printed labelling and advertising. In some cases, 
an approval letter could spell out other conditions for 
approval, such as post - approval studies, or restric-
tions on distribution or promotion. These conditions 
were generally discussed with the sponsor and agreed 
to prior to issuance of the letter.  
   •      An approvable letter usually stated some minor 
area of concern that needed to be resolved prior to 
fi nal approval. The letter usually stated that if these 
concerns were resolved approval would be granted 
shortly. However, with the increased scrutiny of the 
data in the NDA, approvable letters tended to become 
more extensive and could highlight safety issues that 
must be addressed prior to approval.  
   •      A non - approval letter listed the defi ciencies that the 
agency felt required such substantial action by the 
sponsor that a positive approval action was not pos-
sible in the present review cycle. Where the issues 
could be solved promptly by the sponsor, a non -
 approval letter was not necessarily a bad result 
because it offi cially clarifi ed the remaining issues.    
 The FDA has now implemented a two - tier approach 
to action letters: approval and complete response. 
The latter replaces non - approval and approvable 
letters with a letter that lists all the defi ciencies the 
sponsor will need to correct to obtain approval. If 
defi ciencies are substantial, the letter will read more 
like the old non - approval letter; if the defi ciencies are 
minor, the letter would read more like an approvable 
letter. 

 The sponsor will usually be made aware of the 
defi ciencies prior to the action letter, and this early 
notice allows a more rapid response. If post - approval 
studies are to be performed as a condition of approval, 
the agency now has clear authority to require the 
sponsor to complete and report those studies and 
to impose fi nancial penalties for failure to meet 
deadlines.  

Post -approval  reporting
 Following the approval of an NDA, the sponsor has 
ongoing reporting responsibilities. The most impor-
tant of these is the monitoring of clinical safety once 
the drug is on the market, to ensure that the product ’ s 
benefi ts outweigh any risks identifi ed when it is intro-
duced to larger, more diverse populations. Clinical 
safety regulations for drugs are found at 21 CFR 
314.80, and for biologics at 21 CFR 600.80 and 

carried out with great sensitivity. If contacts are too 
frequent or poorly timed they can quickly become an 
annoyance that can hamper further communications. 
The FDA project manager is the usual point of 
contact. If there is diffi culty with a particular review, 
then the reviewer should be contacted (with consid-
eration, obviously, for the reviewer ’ s time), but the 
project manger should always be informed of any 
such contacts. 

 One must consider the reviewer ’ s style and pre-
ferred method of communication. Most reviewers 
prefer requests to go through the project manager. 
One reviewer might be very responsive to e - mail, 
whereas another might prefer a telephone call. The 
contacts during an NDA review can be numerous  –  
the exact number will vary with the application and 
the reviewing division. The purpose of contacts 
should not only be to track or monitor, but whenever 
possible to assist the reviewer in resolving quickly 
minor issues which can sometimes cause the reviewer 
to slow or even halt a review. 

 All substantial requests, whether received infor-
mally or through offi cial notifi cation, must be ad -
dressed as promptly and completely as possible. An 
attempt to gloss over an issue usually leads to further 
delay. Issues raised by the reviewer represent signifi -
cant concerns and should be treated as such. The 
amount and type of any new information needed to 
answer a request must be carefully considered. Under 
user fee guidelines, the FDA likes to keep the review 
moving without the need to review large amounts of 
new data which, if too large, may cause the FDA to 
 ‘ reset the clock ’  (i.e. extend the review time - frame). 
The effect of such a submission on the review should 
be discussed with the agency and balanced against the 
need for the information. 

 Some NDAs may contain particularly innovative or 
controversial approaches to therapeutic interventions. 
In some cases, the FDA seeks advice from an external 
panel of experts, called an advisory committee (21 
CFR 14). Individual participants on these panels must 
be recognised for their particular expertise and satisfy 
various conditions, including an evaluation as to any 
confl ict of interest. These panels provide advisory 
input to FDA questions and issues; however, the actual 
fi nal decision remains with the FDA  [18] .  

FDA actions
 Until recently the actions of the FDA concerning an 
NDA were expressed in an approval letter, an approv-
able letter or a non - approval letter.
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use of that piece or programme. It is also possible for 
companies to engage the FDA in review of proposed 
programmes or advertisements, in order to gain feed-
back on acceptability. This is particularly important 
for broadcast advertisements aimed at consumers, 
such as those viewed on television. If promotional 
materials are deemed by the FDA to be in violation 
of the regulations governing promotional practices 
(e.g. if they are false and misleading), a sponsor must 
withdraw the advertisements and in some cases 
undertake new campaigns to correct the objectiona-
ble statements.  

Post -approval  labelling changes
 The NDA is a living document for as long as a drug 
is marketed. It is also a  ‘ contract ’  that cannot be modi-
fi ed without notice to (and in most cases approval by) 
the FDA of changes in its terms through the submis-
sion of a  ‘ supplement ’  to the NDA. For example, sup-
plements must be approved for labelling modifi cations 
such as new indications, patient populations, dosing 
instructions or cautionary advice. Similarly, most 
changes in the chemistry, manufacturing and con-
trols provisions must be approved in advance of 
implementation, although some can be implemented 
at the time of notifi cation to the FDA (and subject to 
FDA disapproval); other, minor changes need only be 
reported in the annual report to the NDA. 

 The maintenance of an NDA is nearly as important 
as the approval, because any neglect in this activity 
can place the product in jeopardy. 

FDA ’s control of  labelling after approval 
 The labelling of a new drug usually needs to evolve 
during its life on the market. The primary changes 
that occur in the labelling relate to new indications, 
new dose forms and augmented safety information.  

Prior approval of  new indications
and/or new dose forms
 Typically, clinical trials for additional indications for 
a drug will be ongoing or planned at the time of NDA 
approval. For example, it is common for companies 
to be evaluating their product for use in selected pae-
diatric or other special populations at the time of 
NDA approval. It is also common to evaluate the 
product for related conditions not specifi cally tested 
in the original NDA clinical trials; thus, an antide-
pressant may be further evaluated in clinical trials 
for panic disorder. When adequate clinical trial infor-
mation on the new indication (or dose form) is 

basically require that all reports of safety concerns, 
whether or not thought to be causally related to the 
product, received by the sponsor are captured and 
reported to the FDA. These regulations describe spe-
cifi c and rigidly enforced requirements, regarding 
the timing of submissions of individual spontaneous 
reports of suspected adverse events, determined by 
the type of report (e.g. serious and unlabelled events 
are reported in 15 calendar days, whereas most other 
events are submitted in periodic reports). The infor-
mation required is described on a standard form 
(3500A), which closely corresponds to the interna-
tional Council for International Organizations of 
Medical Sciences (CIOMS) form for event reporting 
which is accepted in most countries, and with prior 
agreement the sponser may use the CIOMS form for 
FDA submissions. 

 Although extensive revisions of the safety regula-
tions were proposed in 2003, in part to harmonise 
requirements with ICH recommendations for peri-
odic safety update reports in use in many other coun-
tries, and use of standardised terminology (MedDRA), 
they have not ever been fi nalised but they did 
alert the regulated industry to broader defi nitions of 
safety. However, FDA has used MedDRA coding for 
post - marketing reports since the late 1990s and 
actively contributes to international bodies (CIOMS) 
to develop standardised medical queries that enable 
standardised searches for drug - associated events 
across countries (see  ‘ FDA ’ s approach to drug safety ’ , 
earlier). 

 In addition to the required reporting of spontane-
ously reported and literature - based adverse events, 
there is a requirement for an NDA annual report that 
contains other information relevant to the NDA. 
Again, the requirements are detailed in 21 CFR 314. 
Annual reports must contain a brief summary of new 
information that might bear on the safety, effi cacy 
or labelling of the drug. This summary should also 
include any regulatory actions taken or planned (any-
where in the world) as a result of the new informa-
tion. The report also contains product distribution 
data (domestic and international), current labelling 
with any changes highlighted, as well as new informa-
tion from preclinical and clinical studies. Updates are 
also needed for any ongoing studies. 

 Sponsors are required to submit copies of promo-
tional materials (e.g. journal advertisements, detail 
pieces such as fi le cards) to the FDA at the time of 
initial dissemination. This means that the sponsor is 
to submit them to the FDA simultaneously with the 
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Conclusions

 The roles of the pharmaceutical industry and the 
FDA, and the relationships between them, have 
evolved to an enormous extent since the 1962 effec-
tiveness amendments to the FD & C Act, and today the 
two parties are engaged in a close, complex and gen-
erally supportive  –  if sometimes fractious  –  relation-
ship. There is no doubt that the achievements of these 
two parties, both individually and together, have been 
spectacular  –  even historic  –  as their effectiveness and 
safety standards have been embraced by the whole 
world. Indeed, these standards are now recognised as 
a landmark in post - enlightenment science, as well as 
a forerunner and example of the current philosophy 
of evidence - based medicine. 

 Now, however, there are growing worries in a 
new direction; that the drug development effort 
has become bogged down in exaggerated regulatory 
process and compliance activities. The resulting fear 
is that drug development is slowing down, failing 
more often than it should and could eventually grind 
to a halt because of the increasing weight of regula-
tory demands.  
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Introduction 

 In the previous chapter (see Chapter  25 ) we described 
how the evolution of the key standards of effective-
ness and safety has revolutionised drug development 
and therapeutics, and how the details and interpreta-
tion of these standards have continued to evolve to 
the present day. We also described how the pharma-
ceutical industry and the Food and Drug Administra-
tion (FDA) work together, respectively, to discover 
and develop and to evaluate and approve new 
drugs and biopharmaceuticals, and to ensure their 
effective and safe use in the marketplace. 

 This chapter considers the wider aspects of these 
achievements, including how this history has shaped 
the current state of the industry and its regulation, 
and what changes may await us in the future. 

 Even though substantial changes have been imple-
mented, both the regulated industry and FDA remain 
under signifi cant stress. According to a recent article, 
approximately 15% of the US population used a drug 
whose patent expired or will expire in 2011 – 2012. In 
addition, an estimated $16 billion in US sales were 
at risk during the 2010 – 2012 period based on patent 
expiration, including such products as Zyprexa (olan-
zapine), Levaquin (levofl oxacin), Plavix (clopidogrel) 
and Lipitor (atorvastatin). Given the bleak and 
declining output of drug discovery efforts and the 

extraordinary costs of drug research and develop-
ment (R & D) today, there is understandably much 
hand - wringing over the industry ’ s future prospects 
and even its survival. Surprisingly, there is no overall 
high - level plan to remedy the declining situation, 
although there has been much discussion about 
developing products for specialty markets, rare dis-
eases or orphan indications. In addition, the discus-
sion has extended to emerging drug - device delivery 
systems as well as drug - diagnostic combinations. A 
more positive note was struck by Waldmann and 
Terzic in a foreward to a recent issue of  Clinical Phar-
macology and Therapeutics  on  ‘ therapeutic innova-
tion ’  that contends, using several examples, that the 
pathway from discovery to development to the clinic 
is iterative and shorter  [1] . 

 The USA began regulating drugs and biologics to 
any signifi cant degree in the fi rst decade of the last 
century, focusing mainly on the adulteration and 
misbranding of patent medicines and the purity and 
potency of vaccines. In 1938, Congress, prompted by 
drug safety concerns, adopted a comprehensive over-
haul of the Federal Food, Drug, and Cosmetic Act. 
Frequently since then, the national legislature has 
found new issues and problems warranting additions 
to the 1938 Act, notably with the major amendments 
in 1962, 1984, 1997 and 2007. The full practical impli-
cations of the most recent amendments are only now 
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affected by these changes, how public attitudes 
toward industry and drug safety are evolving, and 
how the FDA is adapting to demands for greater over-
sight of drug safety. Finally, suggestions are offered on 
how public policy and FDA regulation might help 
sustain drug development in the future.  

Wider aspects of the evolution of 
the FDA  and the  pharmaceutical
industry from 1962 to 2012 

Changing economic environment  affecting
the pharmaceutical industry
 The business model for the pharmaceutical industry 
has undergone considerable changes, especially in the 
last 30 years. Moreover, the pace of change is acceler-
ating, challenging the managers who must guide their 
companies forward. While many factors are at play, 
some that are unique to the pharmaceutical industry 
merit special recognition. 

Impact of generic drug competition
 Generic drugs have always been available in the US 
market. When the FDA assessed the effectiveness 
of drugs subject to new drug applications (NDAs) 
cleared under the 1938 Act prior to the 1962 Amend-
ments (as directed by those amendments), the agency 
estimated that there were between 5 and 13 products 
without NDAs that were identical, similar or related 
to each of the 13,000 products under NDAs. These 
products might contain the same active ingredient in 
the same quantity and dosage form; often, though, 
they claimed some unique characteristic  –  a different 
salt or ester, a different quantity of drug, a different 
dosage form or an  ‘ extra - added active ingredient ’ . 

 The FDA sought to introduce uniformity and 
control over these related products. First, the agency 
required any generic copy to be identical to the NDA 
product in the precise active ingredient (e.g. salt), the 
amount of that ingredient, the dosage form and the 
route of administration, unless the product propo-
nent obtained FDA permission to vary from the inno-
vator. Secondly, the manufacturer had to obtain an 
 ‘ abbreviated ’  NDA (ANDA) showing that the product 
was identical and could be made consistently. In 
essence, it was an application that contained all of the 
chemistry, manufacturing and control information 
of a full NDA, but omitted any preclinical or clinical 
data. A number of generic fi rms initially opposed 
even these requirements, and signifi cant litigation 
followed before the FDA prevailed. 

being understood, and one FDA offi cial has opined 
that it may take 30 years to implement the 2007 law 
fully. The key Acts implemented by FDA are discussed 
in Chapters  24  and  25 , but there are many others that 
also affect the pharmaceutical industry such as the 
provision of prescription drug coverage within the 
Medicare programme (2004) and the overhaul of 
the American health care system in 2010  [2] . 

 For purposes of drug research, development and 
marketing, the Drug Amendments of 1962 consti-
tuted the most signifi cant single piece of legislation, 
creating for the fi rst time a legal requirement for 
evidence of drug effectiveness and defi ning how it 
should be obtained. Specifi cally, Congress mandated 
that drugs be proven effective for their intended uses 
through  ‘ adequate and well - controlled ’  clinical inves-
tigations. This deceptively simple requirement pro-
foundly changed the pharmaceutical industry ’ s, the 
FDA ’ s and the USA ’ s  –  indeed, the whole world ’ s  –  
standards and expectations for therapeutic agents 
and paved the way for evidence - based medicine gen-
erally. The Drug Amendments also directed the FDA 
to become involved in clinical research through the 
investigational new drug (IND) process. 

 The innovative standards of the 1962 Drug Amend-
ments have affected the entire spectrum of thera-
peutic interventions. The methods of approaching, 
analysing and implementing the steps needed to 
prove the effectiveness and safety of therapeutic 
drugs, and to guide their proper use in patient care, 
have enabled the broad fi eld of evidence - based medi-
cine and created its most extensive and well - defi ned 
example. The infl uence of randomised controlled 
clinical trials as a basis for approval decisions has also 
extended to FDA - regulated biological therapies and 
medical devices, as well as to all other therapeutic and 
diagnostic interventions  –  including surgical proce-
dures, diet and watchful waiting  –  and established a 
new paradigm, which continues to percolate through 
other branches of medicine and related sciences. 
These conceptual and operational advances in ensur-
ing effectiveness and safety may arguably be among 
the most signifi cant made in the fi eld of therapeutic 
interventions since the Enlightenment. Those privi-
leged to work in this fi eld have a ringside seat (and a 
role) in the intellectual, scientifi c, medical and busi-
ness struggles that it takes to develop a new product 
up to the present high standards of this era, and bring 
it to the market. 

 This chapter considers the changing environment 
in which drug development and marketing is occur-
ring, how the economics of industry are being 
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patent life that was being lost during the drug devel-
opment and review process, the pharmaceutical 
industry agreed to extension of the ANDA require-
ment to copies of any previously approved product, 
once the patent for the product had expired or was 
declared invalid (and at least 5 years had passed since 
the reference product was fi rst approved, to assure a 
minimum period of data exclusivity). This legislation 
was known as the Drug Price Competition and Patent 
Term Restoration Act of 1984 (also called Hatch –
 Waxman after the sponsors of the legislation). 
The impact of this new law was fi rst felt in the late 
1980s, when important innovator products went off 
patent. Prior to the ANDA process and drug product 
substitution laws, an innovation could rely on retain-
ing over 80% of its market share for years after 
generic entry; now, companies found themselves 
losing 90% of the market in just 3 – 6 months, as was 
the case for products such as Prozac (fl uoxetine). 
Moreover, by the time the third generic copy entered 
the market, the price for all generics fell to a  ‘ com-
modity ’  level, minimising profi t margins for the 
generic industry. 

 The effect of these developments on the pharma-
ceutical business model has been profound. Hence-
forth, the only period during which a research - based 
drug sponsor could expect to profi t signifi cantly from 
the sales of a new product was the time window from 
approval and launch to the date of expiration of 
patents and data exclusivity. 

 Within the 1984 law were seeds of further troubles 
for the pharmaceutical industry. One provision re -
warded a generic manufacturer who challenged an 
innovator patent: if the patent were found to be 
invalid or not infringed, the challenger would be 
rewarded with 6 months of exclusive marketing of the 
generic. During this window, not only would the 
innovator lose its market share, but the generic could 
charge a premium price and make substantial profi ts. 
Experience began to reveal that, after three or four 
generics entered the market, their prices fell to pure 
competitive or  ‘ commodity ’  levels, with very low 
profi t margins. The generic fi rm, to survive and 
prosper, would have to become aggressive in fi nding 
other innovator patents to  ‘ break ’ . By the end of the 
1990s, it was increasingly common for generics to 
contest patents rather than wait for this expiration. 

 This foreshortening of the commercial life of a 
pharmaceutical would necessarily affect the projected 
return on investment for a pipeline product. The 
incentives were skewed in favour of  ‘ blockbuster ’  
developments that would command both high prices 

 While the ANDA process was evolving, a new 
problem arose. Physicians reported that patients 
with congestive heart failure who had been titrated 
carefully to a specifi c dose of digoxin had variable 
concentrations upon getting prescriptions refi lled. 
Investigation revealed that digoxin, a pre - 1938 drug 
that was never subject to an NDA, varied from manu-
facturer to manufacturer, and even lot to lot from the 
same manufacturer. The variations were not in quan-
tity of actual drug per tablet, but in the amount 
of drug released from the tablet into the body. The 
consequences could be life - threatening. The agency 
ordered that each manufacturer submit bioavailabil-
ity studies showing the rate and extent of absorption 
into the body of each lot of digoxin, until standards 
could be set. Thus was born the idea of  ‘ bioequiva-
lence ’ , that generic products must be not only phar-
maceutically identical to an approved reference 
product, but also show no signifi cant difference in the 
rate or extent of absorption in studies comparing the 
proposed and reference products. 

 The ANDA process and bioequivalence rules per-
mitted the agency for the fi rst time to declare 
individual generic products to be  ‘ therapeutically 
equivalent ’  to approved brand name versions, in that 
the generics could be fully expected to produce the 
same clinical effect and safety profi le as the brand 
name product. The FDA began making such declara-
tions on a limited basis around 1975; by 1979, the 
agency began to publish them in the  Approved Drug 
Products with Therapeutic Equivalence Evaluations
(Orange Book). This step was critically important to 
the evolution of generic commercial success. Before 
this point, generics did not pose a great competitive 
threat, because pharmacy laws in the different US 
states did not permit the substitution of a generic for 
the innovator drug that had been prescribed. The 
premise of these laws was that pharmacists were not 
in a position to assure that generic products would 
perform like the innovators. Once the FDA gave its 
imprimatur of equivalency, however, the rationale for 
non - substitution disappeared. In 1979, the Federal 
Trade Commission unveiled a model drug product 
selection law, which guided state legislatures on how 
to amend pharmacy laws to permit pharmacists to 
substitute equivalent generics, without the permis-
sion of the prescribing physician. Within a few years, 
all US states had adopted a version of this law. 

 Even these steps had a limited effect, because the 
ANDA mechanism was only available to generic 
copies of drugs fi rst approved before 1962. In 1984, 
as part of the compromise to obtain restoration of 
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pharmaceuticals. The fi rst drug to cost more than 
$10,000 per year for a single patient was AZT, the fi rst 
AIDS drug. After initial complaints, the high price 
was accepted, and now products are launched at 
annual per person costs that are much higher (in the 
case of biotechnology products, some exceeding 
$100,000 per year, and one at approximately $300,000 
per year). These very high priced biotechnology 
products are often targeted to less common or even 
rare diseases such as multiple sclerosis, Gaucher ’ s 
disease or cystic fi brosis where effectiveness may sig-
nifi cantly prolong productive life. Nevertheless, it is 
no surprise that payers have focused on prescription 
drugs as a way to control overall costs. 

  ‘ Newer ’  does not automatically mean  ‘ better ’ , and 
today payers are insisting that innovations be more 
cost - effective than competitor products, in particular 
low - price generic competitors. It was once possible 
to launch profi tably an eighth or twelfth beta - blocker 
or non - steroidal anti - infl ammatory drug (NSAID). 
Now, so - called  ‘ me - too ’  products must at least offer 
some cost – benefi t advantage over the innovator. The 
prizes go to the fi rst - in - class product (because it will 
have the greatest volume of use to support safety) and 
to the best - in - class (because it would have been 
shown to be superior in some way to the others). The 
rest fi ght over the small market share represented by 
patients who do not respond to the fi rst -  or best - in -
 class products. 

 Some therapeutic areas have relatively inelastic 
demand. For example, in the case of migraine, the 
market shows no sign of growth, despite the fact that 
there are now at least seven triptans (serotonin recep-
tor agonists) available for patients, including four dis-
tinct dosage forms. New entrants employ large sales 
forces to launch new products, but results are often 
meagre, until continued investment proves prohibitive 
to do even that. Meanwhile, managed care organisa-
tions or insurers decide that only one or two repre-
sentatives of a class will be reimbursable, thus placing 
additional pressure on marketing organisations. 

 The economic implications should be clear. Today ’ s 
drug development decisions must be made with a 
careful regard to the drug ’ s place in the queue of likely 
competitors, and to the sponsor ’ s potential ability to 
demonstrate therapeutic advantages. In the case of 
some drugs, such as proton pump inhibitors, the very 
mechanism of action limits the potential for signifi -
cant improvements by later generations. In other 
areas, such as the calcium channel blockers diltiazem 
and verapamil, the chemistry may not permit a 
second generation molecule.  

( ‘ value - based prices ’ ) and high demand despite the 
high prices. 

 A regulatory pathway was recently established by 
which the FDA could approve copies of biological 
products, called  ‘ biosimilars. ’  Experience is very 
limited to date. Consequently, the effect of this legis-
lation on the economics of the biologics industry 
remains to be seen.  

Accelerating  rate of innovator competition
 The pharmaceutical marketplace is indeed crowded, 
especially in the more traditional therapeutic areas. 
Further, the time lag between when the fi rst member 
of a class enters the market and a  ‘ me - too ’  follow - on 
product is approved is lessening. For example, accord-
ing to one study, the percentage of fi rst - in - class medi-
cines with a competitor in phase II testing at the time 
of approval has jumped from 50% in the early 1980s 
to over 90% currently  [3] . As a result, the ability of 
a company to maintain high prices even before the 
entry of generic competition is compromised.  

Emerging  demand for cost-effectiveness
 Health care costs in the USA have become a major 
issue for governments (which subsidise health care 
for the poor, disabled and elderly), businesses (which 
subsidise health care for employees), labour unions 
(which are increasingly fi ghting to preserve benefi ts 
and jobs, rather than to increase wages) and politi-
cians (who recognise both that a large proportion of 
the population has no health insurance whatsoever 
and that health care costs are consuming ever greater 
proportions of government budgets). Historically, 
drug costs were a trivial part of the health care budget. 
Indeed, in 1964, when Congress enacted the original 
Medicare programme, prescription drugs were not 
covered. The political perception was that the prod-
ucts were relatively inexpensive and not necessarily 
effective, so that drug subsidies were not critical to 
patient care. 

 Beginning in the 1990s, prescription drug expen-
ditures accelerated as a percentage of total health care 
costs. This shift can be viewed as a positive develop-
ment, refl ecting the discovery and introduction of 
agents to address a population whose life expectancy 
has been extended, thanks to drugs and other medical 
advances. Unfortunately, but realistically, there are 
limits to the proportion of the economy that can be 
allocated to health. As a result, third - party payers 
started searching for ways to reduce the total cost. At 
the same time, for the reasons just discussed, manu-
facturers introduced  ‘ value - based ’  pricing for new 
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since decoding the human genome began has been 
the idea that pharmacogenomic (PGx) research and 
application to product development and diagnostics 
would open up an era of  ‘ personalised therapeutics ’  
and thereby revolutionise medical treatment. In the 
area of cancer chemotherapy, PGx diagnostics have 
indeed started to deliver advances in selecting the 
most appropriate drug(s) for a particular patient ’ s 
cancer; areas outside cancer are also steadily acquir-
ing helpful genomic information. 

 The FDA publishes on its website a very useful 
 ‘ Table of Pharmacogenomic Biomarkers in Drug 
Labels ’ . About 10% of labels for drugs approved by 
the FDA now contain pharmacogenomic information 
that can be relevant to prescribers in identifying 
responders and non - responders, avoiding toxicity 
and adjusting the dosage of drugs to optimise their 
effectiveness and safety. In drug labels, these pharma-
cogenomic biomarkers are classifi ed on the basis of 
their specifi c use: clinical response and differentia-
tion, risk identifi cation, dose selection guidance, sus-
ceptibility and resistance, differential disease diagnosis 
and polymorphic drug targets. 

 The FDA ’ s table lists valid pharmacogenomic 
biomarkers in the context of FDA - approved drug 
labels for about 100 drugs and links to relevant phar-
macogenomic data. Many drug labels listed in this 
table provide PGx information with no immediate 
recommendation for a specifi c action (e.g. genetic 
testing); however, as presented by FDA in the spring 
of 2012 a growing number of these labels now recom-
mend or require genetic testing or dose modifi cation, 
thereby specifying the use of these markers for reach-
ing a therapeutic decision. 

 In many therapeutic areas, pharmacogenomics is 
still mostly a promise that has yet to achieve its broad 
claims, but the amount of relevant genomic informa-
tion is steadily accumulating, along with its relevance 
and impact. In the case of drug safety, two examples 
show that safety may be improved through genomic 
diagnostic testing. First, it has been shown to provide 
improved accuracy in selecting the initial dosing of 
the anticoagulant warfarin. Genotypes of two genes 
(CYP2C9  and  VKORC1 ), plus certain clinical charac-
teristics of each patient, can account for approxi-
mately half of the variance in a population ’ s response 
to warfarin. In mid - 2007, the FDA relabelled warfarin 
to inform physicians that lower initial doses of the 
drug should be considered for patients with certain 
genetic variations in  CYP2C9  and  VKORC1 , in what 
may be considered one of the fi rst steps the agency 
has taken to put  ‘ personalised medicine ’  in a drug 

Declining productivity of  research and  development
 The productivity of R & D efforts within the pharma-
ceutical industry has been declining signifi cantly for 
more than a decade. While large numbers of INDs are 
submitted each year, only a small proportion in the 
pipeline emerges as NDA submissions or approvals. 
NDA approvals for new molecular entities (NMEs) 
have fallen from a high of 53 in calendar year 1996, 
bottoming out at 18 and 16 in 2006 and 2007, respec-
tively. More recently, approvals have remained in the 
low 20s yearly; however, 30 NMEs were approved in 
2011  [4] . It is informative to note that a large propor-
tion of these approvals were for orphan uses (11/30 
or 37%). The proportion of biologic molecules 
(12/30 or 40%) has increased signifi cantly over his-
torical fi gures. These two observations are likely 
highly correlated (i.e. biologic molecules are being 
developed for orphan diseases, including rare forms 
of cancer). 

 There are no clear explanations for the stagnation 
of R & D productivity, especially in the face of record 
high levels of R & D investment. Speculation suggests 
that the  ‘ easy ’  targets have already been exploited; that 
profi t potential for pipeline products cannot meet 
ever - increasing fi nancial targets, causing their aban-
donment; and that safety concerns require inordi-
nately clean risk profi les for new products even to be 
submitted to the FDA. 

 Research technology has advanced particularly 
rapidly over the past two decades, and techniques 
such as robotics, high throughput screening and 
computer - aided design and simulations have been 
instituted in discovery and early development labs. 
Given that the level of NME NDA submissions have 
remained stable (30 – 35 NME submissions per year 
over the past decade), it appears that there has not 
yet been a high degree of payoff for these techno-
logical innovations. However, biotechnology product 
approvals are increasing and represent a bright spot 
in an otherwise gloomy picture. The shift of research 
(and approvals) to orphan indications (rare diseases 
and very specifi c types of tumours) may have an 
impact on the profi t model currently held by the 
industry. Specifi cally, with only very small segments 
of the population benefi tting from these new devel-
opments and despite some willingness of insurers 
and/or patients to bear the cost, the overall revenue 
realised cannot necessarily support the old model of 
R & D discovery and development. 

Pharmacogenomics and  ‘personalised  therapeutics ’
One of the most popular therapeutic aspirations 
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However, if the criteria are met, the more likely 
success rate with  ‘ responders ’  may facilitate both 
phase III and the market appeal of the ultimate 
product. 

 The benefi t added by the diagnostic testing will 
infl uence the pricing of the test (i.e. whether the 
test  –  and the test procedure  –  is cost - effective com-
pared with usual care). In addition to its impact on 
patients, this set of questions is typically of great rel-
evance to clinicians and third - party payers who will 
be the ultimate gatekeepers for the clinical integration 
of pharmacogenetics. In the future, determination of 
the effectiveness and cost of the more targeted thera-
peutics may be facilitated by a further development 
that may improve the targeting of clinically relevant 
PGx research, involving the combination of detailed 
longitudinal clinical data from electronic medical 
records (including both clinical and laboratory data 
as well as drug exposure) with genetic profi les for 
patients. This integration of data permits evaluation 
of the actual impact of a number of genetic variations 
on the overall effectiveness of certain drugs. When 
applied to lipid - lowering drug effectiveness, the Van-
derbilt researchers were able to identify the most rel-
evant PGx biomarkers  [7] . 

 There has now been a transition from the research 
efforts to the regulatory standards for safety and 
effectiveness, to create guidelines for value for both 
clinical and economic decision - making. Although it 
has been estimated that some 1700 potential PGx 
tests currently exist (nearly 300 of which have received 
some degree of recognition as commercial diagnos-
tics), only recently have a few been recognised for the 
ultimate PGx application (i.e. selecting a specifi c drug 
for an individual patient ’ s therapy) which has been 
demonstrated to be more likely to improve therapeu-
tic outcome in that patient. The considerable interest 
and efforts by FDA to make these PGx efforts useful 
suggests that with all the attendant increased com-
plexities in clinical testing and evaluation, there now 
appear to be realistic expectations for PGx as part of 
drug development and evaluation, and more targeted 
 ‘ personalised ’  therapy.   

Increasing  costs of drug development
 The costs of bringing a new drug to the market keep 
rising exponentially. This fact compounds the prob-
lems of persistently long development time (now 
averaging 12 years) and a remarkably high failure rate 
(75% or more) in the clinical research phase. An esti-
mate from the Tufts Center for the Study of Drug 
Development puts large pharmaceutical companies ’  

product label. Later in 2007, the FDA also approved 
a change in labelling for carbamazepine. Asian 
patients may have an allele ( HLSB * 1502 ) that greatly 
increases the risk of incurring the Stevens – Johnson 
syndrome when they take carbamazepine. Simply 
testing for this allele, and avoiding carbamazepine, 
will exclude those at increased risk for this devastat-
ing reaction. 

 The warfarin example is particularly interesting 
because the traditional phenotypic marker used for 
decades [the international normalised ratio (INR)] is 
also the actual surrogate endpoint, and is easily meas-
ured in 2 minutes after a fi nger - stick test. Thus, the 
cost and effectiveness hurdles for showing improve-
ment in anticoagulation by adding the genomic test 
may be high in this case; however, the cost of a one -
 time genetic test that results in lowered hospitalisa-
tion rates (each of which may easily be $20,000 per 
hospitalisation) should be weighed against the costs 
with INR testing that still results in signifi cant rates 
of bleeds and hospitalisation, even when there is 
compliance with the testing. As summarised by Wys-
owski et al.  [5]  in 2007, the frequency of major bleed-
ing with warfarin use, which is estimated to be as high 
as 10 – 16%, contrasts with much lower frequencies 
(e.g.1 in 1000) for known serious adverse events of 
most drugs. Notably, the effectiveness of this relabel-
ling was realised in a trial conducted by the Medco 
Pharmacy Benefi ts Management Organization in 
which they required this testing for use of warfarin. 
Evaluation of outcomes in these populations found a 
∼ 30% reduction in hospitalisations for bleeding epi-
sodes  [6] . 

 The task of developing a genomic test to predict 
drug  effectiveness  during a drug ’ s clinical develop-
ment phases may be more complex and, depending 
upon the genetic marker, could impact the cost and 
timeline for a drug ’ s development process. To meet 
the  ‘ substantial evidence ’  standard for effi cacy, the 
sponsor will presumably fi rst have to show that the 
genomic diagnostic is appropriately sensitive and 
specifi c, accurate and reproducible; that the test can 
discriminate between those who will respond (thera-
peutically) to the drug and those who will not; and 
that the drug is clinically more effective or safe within 
the group of patients selected using the PGx diagnos-
tic, compared with a control group of patients 
without genomic testing. In practical terms, this 
policy will probably require studying the drug –
 diagnostic combination in both phase II and III  –  
which may represent a signifi cant challenge of time 
and cost in the drug ’ s pre - approval programme. 



524 Chapter 26 

This resource demand has led to the emergence of 
outside consultants and contract research organisa-
tions (CROs). The number of outside companies that 
draw their livelihood from the growing size and com-
plexity of the drug development process is an 
ominous portent because it signifi es that there is no 
end in sight to, nor means of containing, the 
ratcheting - up of details, standards, employment and 
costs.  
6.     Competition for a limited pool of patients has 
caused study recruitment and retention problems 
and the need for direct payments to subjects for 
their participation. It has also encouraged efforts to 
perform clinical trials in countries with less - developed 
health care systems, in which large numbers of treat-
ment - na ï ve patients may be found. Undertaking 
controlled studies in these countries may be diffi cult. 
Between 2003 and 2007, according to the FDA, 
the percentage of clinical trials fi led with the agency 
that were performed in countries in Central or 
Eastern Europe, the Middle East, Africa, South 
America, Asia or the Pacifi c rose from 9% to 18%, 
with Russia, India, Brazil and China being major 
players, and global clinical trials have become 
commonplace.  
7.     Increased use of information technology, such as 
remote electronic data entry and electronic diaries, 
creates issues of data integrity controls and audit 
trail.  
8.     Greater and broader concern over safety of the 
product. As the number of allegedly  ‘ missed ’  safety 
problems (e.g. troglitazone hepatotoxity, rofecoxib 
cardiac effects and selective serotonin reuptake 
inhibitor - associated suicidality) has emerged as an 
issue of public and political concern, FDA reviewers 
have tended to request more data and/or studies to 
elaborate on the safety profi les of pending drugs.  
9.     New fi elds of expertise are emerging as necessary 
or desirable to interact with regulatory authorities. 
Whenever regulators express a general interest in, or 
concern about, a new type of scientifi c issue, sponsors 
naturally commit resources to anticipate how this 
issue might affect their pipeline products.    

 In summary, the compounding effect of so many 
added burdens from all directions has itself produced 
new dimensions of complexity and costs not readily 
apparent to those outside  –  or even inside  –  the 
system. The growth of burdens at this pace cannot 
continue for ever, and the currently pessimistic busi-
ness climate for the pharmaceutical industry refl ects 
 –  and exacerbates  –  the problem.   

average out - of - pocket cost, including failures, of 
developing a new chemical entity to the point of NDA 
approval, at $403 million ($121 million preclinical 
plus $282 million clinical)  [8] . When the cost of the 
capital, expended over the 12 - year average time of 
product development, is included, this fi gure rises 
to $802 million ($336 million preclinical plus $466 
million clinical). While this analysis is being updated, 
it was not completed and available at the time of 
printing. Nevertheless, a 2007 study documented that 
costs for both biopharmaceutical and traditional 
pharmaceutical development continue to rise  [9] . 
Other estimates are even higher, in the $1 – 2 billion 
range with a success rate as low as 8%, but much 
depends on the methodology of the estimate. 

 Speed and failure rates have a large effect on the 
cost of development. One paper estimates that if 
development time could be cut in half, the $802 
million would drop to $568 million. Similarly, if the 
failure rate were reduced from 75% to 67%, total 
costs would be lowered by $217 million. 

 Some of the more potent causes of these increasing 
costs include the following.
1.     Chronic and complex indications demand longer, 
larger and more complex studies.  
2.     Trials comparing two active agents are needed for 
regulatory approval when placebo trials are unaccept-
able, or even merely to compete in the marketplace. 
These studies require larger populations and longer 
durations to have suffi cient power to determine 
equivalency, non - inferiority or superiority.  
3.     As regulatory authority requirements in emerging 
national markets increase, pressures and require-
ments increase to include patients from more coun-
tries in the clinical trial database.  
4.     Special pre - approval studies are often now ex -
pected, or required, to explore safety and effectiveness 
in special subpopulations. These groups include the 
elderly; children (four subsets: neonates and infants; 
toddlers and preschoolers; prepubescent school - aged 
children; and post - puberty adolescents); women of 
child - bearing potential; persons with renal or hepatic 
impairment; and persons using foreseeable concomi-
tant medications (looking for dangers such as QTc 
interval prolongation, a signal for possible torsade 
de pointes).  
5.     More trials, with greater numbers of subjects 
and in more diverse geographic markets, necessitate 
a larger infrastructure to manage sites, collect and 
verify data, assure protocol compliance plus adher-
ence to Good Clinical Practice (GCP) regulations. 
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industry. Beginning in the 1970s, boosted by the 
Bayh – Dole Act of 1980 (encouraging outlicensing of 
university - based discoveries made with National 
Institutes of Health funds), and funded by venture 
capital, start - up biotechnology ( ‘ biotech ’ ) companies 
proliferated. The term  ‘ biotech ’  originally applied 
to the tools offered by recombinant DNA and mono-
clonal antibody technologies, but now loosely 
embraces start - up and small companies in general, 
including small molecule design and discovery, 
genomics and proteomics, bioinformatics, therapeu-
tic vaccines, novel drug delivery systems, combina-
tions of a medical device with a drug or biologic, 
nanotechnology and other cutting edge biomedical 
research ideas and tools. 

 In the last three decades, a staggering number of 
products and the start - up companies that spawned 
them have failed. Other great promises, such as inter-
feron, endorphins and gene therapy, have proved so 
far to have limited clinical applications or unsus-
pected toxicity. The translation of new technologies 
to the hospital, pharmacy and bedside is taking 
longer, and costing more, than was expected in the 
enthusiasm of the 1990s. Part of the reason for the 
disappointment to date may lie in the excessive exu-
berance for its potential that was intrinsic to raising 
venture capital to create new companies and fund 
novel research. 

 Nevertheless, the biotechnology industry has 
matured and is changing the face of pharmaceuticals 
worldwide, and is now being seen as the creative force 
that may be saving the pharmaceutical industry  –  
at least for the present. The largest biotech com -
panies (e.g. Amgen and Genentech) are now 
indistinguishable, in the business sense, from tradi-
tional pharmaceutical companies. The vibrant 
biotech small company sector, particularly at the dis-
covery and early development level, is supplying drug 
candidates for licensing or acquisition by pharmaceu-
tical companies that need to supplement their own 
internal research operations. The relationship has 
proven mutually benefi cial. Pharmaceutical compa-
nies cannot afford to fi nance the scale of drug dis-
covery operations needed to maintain a pipeline; 
companies funded by venture capital and stock offer-
ings assume much of the risk of early failures; and 
both parties share the rewards of success. As a result, 
every major pharmaceutical company scouts for 
new opportunities, and the most promising drug 
candidates become the subjects of intensive bidding 
competitions. 

Economic consequences of this
changing environment on the 
pharmaceutical industry
Consolidation within the industry
 The steeply rising costs (not only in R & D, but also in 
marketing and supply operations), combined with 
a foreshortened period of generic - free competition, 
initially drove the industry into maintaining large 
marketing and sales operations and an effi cient supply 
chain. Its business model evolved to focus on block-
buster drugs, ones that generated at least $1 billion per 
year in order to make a profi table return on invest-
ment before generics or  ‘ me - too ’  products enter the 
market. The declining productivity of R & D, however, 
has forced the industry to cast a wider net to discover 
compounds and take them through the initial phases 
of development. Another change has been a shift to 
fi nding profi table niche products in specialised areas, 
enabled by many discoveries in genomics, such as in 
the many subtypes of cancers that are now the targets 
in oncological development, and to pricing of these 
products at unprecedented levels. Several recent 
cancer treatments, which were shown to extend life 
expectancy by less than a year, have been launched 
with charges exceeding $10,000 per month. 

 The most visible response to the declining pipeline 
has been consolidation of the industry, in order to 
support the sales and manufacturing operations and 
ongoing R & D. The pace of consolidation, already 
unprecedented over the last two decades, has sharply 
increased in the past 5 years, with large - scale layoffs 
and rationalisation of capacity. 

 While these mergers may yield effi ciencies in mar-
keting and production, it is doubtful whether the 
same effi ciencies hold in drug development. Mega -
 R & D organisations have been created, some having 
15,000 – 20,000 staff or more and being located at 
multiple research sites on several continents. The 
very size of these organisations has produced the 
further challenge of managing these resources. 
Unfor tunately, there is as yet no evidence that the 
consolidation improved innovation, or that huge 
R & D organisations have useful economies of scale or 
effi ciencies in discovery or development. It is conceiv-
able that the consolidation has actually achieved the 
opposite, and that discovery and innovation have 
declined as a result.  

Rise of the biotechnology industry
 A new drug discovery industry has emerged in paral-
lel with the consolidation of the pharmaceutical 
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functions such as data management, analysis and 
information technology can also be performed off-
shore. India, which performed about 1% of all clinical 
trials around the world in 2007, intended to expand 
its market share to 15% by 2011. Relocation of the 
production of approved drugs, especially active 
pharmaceutical ingredients to China and India, has 
exploded in the last decade. 

 While these trends may appear to reduce out - of -
 pocket costs, there are caveats to consider. Not all 
emerging countries, or contractors located there, are 
aware of the extremely high standards essential for 
pharmaceutical regulatory submissions. Moreover, 
expansion of the infrastructure to support a higher 
volume of clinical trials could turn out to be a very 
signifi cant overhead expense. Thorough evaluation 
and caveat emptor are the watchwords. 

 Separately, the shift of the major components of 
drug development (from pharmaceutical formula-
tion and production of test batches, and to execution 
of clinical trials) from the USA and Western Europe 
to less - experienced countries, could have long - term 
adverse effects on the scientifi c capacity of those 
Western countries to sustain R & D generally.   

Changing public attitudes in the USA
toward the  pharmaceutical industry
 For almost two decades, the drug industry within the 
USA has been under severe criticism on a wide variety 
of fronts. The cumulative impact makes the industry 
look bad and lose public support. A short catalogue 
of the public concerns and perceptions illustrates the 
complexity of the leadership, management and public 
relations challenge facing drug fi rms. 

High prices for prescription  drugs
 Americans know that they are paying more for drugs 
than residents outside the USA, because of price 
controls elsewhere. The importation of brand name 
drugs purchased more cheaply abroad is a perennial 
political issue. Polls indicate that Americans feel they 
are paying more than their fair share for the cost 
of drug development. The introduction of niche 
products with extraordinary price tags (as much 
as $50 – 100,000 per year) poses huge challenges to 
patients and insurers. Moreover, those individuals 
not covered by health insurance covering prescrip -
tion drugs may literally have to choose between 
food and medical care because of the undiscounted 
 ‘ retail ’  prices for medicines. In 2004, Congress enacted 
a prescription drug benefi t programme for Medi -
care patients, and in 2010 a much broader health 

 Thus, the biotech industry has made a substantial 
and growing contribution to the pharmaceutical 
pipeline and the therapeutic armamentarium, with 
approximately 6 – 8 NME products reaching the 
market each year, with a high of 12 approvals in 2011. 
If pharmaceutical companies cannot increase their 
traditional internal R & D productivity, then the rate 
of biotech discoveries reaching the market must 
increase rapidly to sustain the overall pharmaceutical 
pipeline.  

Outsourcing 
 The steady rise of outsourcing since the 1960s has 
greatly expanded the operating capacity and expertise 
base of the pharmaceutical industry, and it is esti-
mated that approximately one - third of pharmaceuti-
cal R & D is now outsourced to external companies. 

 Outsourcing in the drug development process 
began with the clinical CROs which handle the logis-
tics of clinical trials, and with animal testing labora-
tories compliant with the FDA ’ s Good Laboratory 
Practice (GLP) regulations. Subsequently, the CRO 
fi eld expanded to include fi rms in all areas of drug 
development: production of active pharmaceutical 
ingredients, design of pharmaceutical formulations, 
stability programmes, pharmacokinetic studies, bi -
ostatistics, data management, clinical site man-
agement, auditing for compliance with GLP/GCP 
requirements and preparation of regulatory submis-
sions. Even the duties of institutional review boards 
(IRBs) are often undertaken for multicentre trials by 
free - standing for - profi t companies. 

 Even more dramatic changes may be occurring. In 
2008, the pharmaceutical fi rm Eli Lilly sold the entire 
campus of one of its preclinical facilities to the CRO, 
Covance. This transferred the early - stage drug devel-
opment function, traditionally performed within the 
big pharmaceutical companies, to a large CRO. Under 
the terms of the agreement, initially 260 Lilly employ-
ees who worked in toxicology, pharmacology and 
imaging services would work for Covance, which 
planned to upgrade the site and double or triple the 
workforce. 

 Drug development outsourcing also reveals a 
growing pressure to lower the costs of satisfying regu-
latory requirements for evidence of effectiveness and 
safety. Clinical research activities have been migrating 
from the USA and other high - cost countries to 
Eastern Europe, India and China. One CRO, for 
example, relocated its entire electrocardiography 
(ECG) monitoring services to India and promises 
1 - hour turn - around on a 24/7 basis. Other specifi c 
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unsafe. These allegations erode public trust in the 
industry.  

Disconnection between high industry profi ts 
and R&D spending
 For years, the industry ’ s justifi cation for its prices and 
profi ts was the need to have suffi cient money to carry 
out new research, as well as to reward the inherently 
high risks of drug discovery. Disclosures that many 
companies spend more on promotion than on R & D, 
combined with the decline in the introduction of 
major new therapies coming to market, have made 
people sceptical of this claim.  

Fundamental distrust of the industry’s ethics
 Repeated revelations that adverse research studies 
have been withheld from public view, or released 
in partial and misleading form, have created new 
statutory requirements (and corresponding medical 
journal demands) for sponsors to disclose publicly, in 
government registries, all phase II and III clinical 
trials before patients are enrolled. More seriously, 
apparent delays in removing or issuing warnings 
about products, coupled with the precipitous with-
drawal of widely marketed drugs and the suspicion 
that safety risks could have been identifi ed either 
before approval or sooner after marketing, gives 
support to the anti - industry charge that  ‘ companies 
put profi ts before people ’ . It does not help the phar-
maceutical industry ’ s image that in the last decade a 
large number of major companies have been success-
fully prosecuted by the federal government for viola-
tions of a myriad of different laws in addition to 
off - label marketing. Taken together, these events 
seem to underscore the appearance of defi ciencies in 
basic ethical standards within the industry. 

 The net result of the changing public attitudes 
toward the industry is an increasing skepticism of the 
industry and its motives and thus, to some extent, 
greater reluctance of US voters and consumers to 
accept the need to pay for the high costs of new drug 
development and other medical advances.   

Changing public perceptions of  drug safety
and FDA responses
 Over the years, the amount of knowledge available 
about a candidate drug has increased tremendously 
by the time of NDA submission. The size of NDAs 
has grown to a point that it is not uncommon for an 
NDA to contain data generated from scores of trials 
involving more than 10,000 patients. Much of this 
growth is in response to regulatory demands for a 

insurance reform package, but until (and unless) the 
2010 law is fully implemented, the number of unin-
sured Americans may reach 40 – 50 million or more 
(out of 310 million).  

Excessive total costs for prescription  drugs
 Insurers and other third - party payers see drugs as one 
of the fastest rising and least controllable components 
in total health care spending. For them, it is not 
merely the question of price per pill, but the aggregate 
utilisation of drugs. With the advent of  ‘ lifestyle ’  
drugs, and later generation medicines that may offer 
no convincing advantages over those that are availa-
ble as generics, there are real concerns about the 
diversion of limited resources to unnecessary prod-
ucts. For companes that insure themselves, the 
soaring costs for employee benefi ts must be built into 
cost of goods they make.  

Dubious practices in  promoting  prescription  drugs
 Americans have long had a love – hate relationship 
with advertising, but the reported excesses and mis-
conduct linked to prescription drug marketing has 
produced intense public outrage. Gifts, luxury trips 
and consulting contracts worth $100,000 and more 
smack of bribes to physicians and led to requirements 
for routine disclosures of fi nancial ties and payments, 
as well as restrictions by institutions on outside activ-
ities of staff physicians. The ratio of sales representa-
tives to prescribing physicians has been stunning and 
caused some medical institutions to limit access of 
medical sales representatives to prescribing doctors. 

 The direct - to - consumer (DTC) advertising of pre-
scription drugs has contributed to charges that the 
public is being seduced to believe that pills are a solu-
tion for any ailment and pose minimal risks. The total 
amount spent on DTC advertising has reached levels 
that inevitably are linked to the high prices for and 
total costs of prescription drugs. 

 Finally, the marketing of drugs for indications 
or populations in which they have not been tested 
or approved (so - called  ‘ off - label ’  promotion) has 
shocked prosecutors, politicians, media and the 
public. In the past decade, many of the best known 
pharmaceutical companies in the USA have entered 
criminal pleas and civil lawsuit settlements with the 
federal and state governments, resulting in payments 
in the billions of dollars and formal obligations by 
the defendant corporations to institute and maintain 
programmes to deter future violations. In some cases, 
drugs were promoted for therapeutic uses that the 
companies purportedly knew were ineffective or even 
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3.     Good well - conducted science should be able to 
reveal all side effects during drug development. The 
failure to do so suggests concealment and/or incom-
petence by industry and/or the FDA.  
4.     Safety is a clear - cut issue, with an easy answer. 
Discussions of confl icting and inadequate data, prob-
lems of background noise or study bias, and the dif-
fering values placed on specifi c benefi ts and risks (as 
well as individual freedom to accept risks) merely 
confuse the public.    

 Whenever a drug is withdrawn for toxicity there-
fore, one can expect to hear arguments that the stand-
ards for drug approval should be increased. Often, the 
FDA is accused of being lax in enforcing current 
requirements for safety, or urged to adopt more rigor-
ous ones. In contrast, FDA offi cials have contended 
that the agency is more risk - tolerant and willing to 
admit (and leave) drugs on the market than other 
national authorities. They assert that the FDA can do 
so because it has been proactive in developing pro-
grammes to manage the known risks for a drug with 
a narrow benefi t   :   risk ratio. 

 In fact, over the past decade, the FDA has greatly 
enhanced its approach to risk management (after 
studies of the effects of new warnings and labelling 
changes in the 1990s on terfenadine, astemizole and 
cisapride demonstrated that they had done little to 
affect prescribing behaviour). The agency recognised 
that it needed new tools to minimise preventable risks 
and to inform physicians and patients about risks. 
Accordingly, a monograph on risk was produced in 
1999  [10] , and following this FDA developed an 
approach to risk management that was discussed 
in open forums with the industry. The three - part 
result of these discussions published in March 2005 
were three papers covering early risk identifi cation, 
pharmacovigilance and, notably, risk minimisation 
action plans (RiskMAPs). These plans consist of 
more aggressive physician and patient education pro-
grammes and, in extreme cases, actual limitations on 
access to high - risk products. Based upon a further 
examination of risk management by the Institute of 
Medicine at the request of FDA in 2005 – 2006, Con-
gress endorsed and strengthened this approach, and 
renamed it  ‘ risk evaluation and mitigation strategies ’  
(REMS) in legislation enacted in 2007. Congress 
further required the FDA to bolster their resources for 
risk surveillance by requiring a  ‘ Sentinel System ’  com-
posed of a conglomerate of population data (ulti-
mately encompassing 150 million people) that could 
be used to detect both early risks as well as very 
rare risks. Further funding also supported internal 

clearer delineation of the safety profi le of a drug 
before approval. 

 Despite this record level of premarket risk infor-
mation, new problems are invariably identifi ed after 
approval. Over the past decades, roughly 2 – 3% of the 
drugs approved by the FDA and by the major Euro-
pean regulatory agencies each year have ultimately 
been removed from the market for safety reasons. 
This situation is understandable and expected; in fact, 
recognition that the post - market experience inevita-
bly reveals new adverse effects forms the basis for the 
original 1962 Amendments that required ongoing 
monitoring of a drug product to assure its benefi t 
outweighed its risk, and thus the requirement for 
post - marketing surveillance, now termed  ‘ pharma-
covigilance ’ . The initial approval of an NDA has 
always involved a trade - off between known benefi ts 
and known and unknown risks, because the clinical 
trials cannot have realistically evaluated a drug in all 
the populations who may ultimately use it, nor do 
they usually have the statistical power to detect 
adverse events that would be of concern in wide-
spread use once a product is on the market. Sponta-
neous reports after a drug enters the market, refl ecting 
experience in the entire population, plus phase IV 
studies, have usually provided the fi rst signals of new 
adverse events. No matter how large the number of 
patients studied prior to marketing, discovery of new 
adverse events will always occur. Because of the very 
large size of the US and EU markets, relatively rare 
events may have a better opportunity to be discovered 
earlier, and thus lead to changes in warnings or 
market removals. 

 These realities are frequently misunderstood or 
ignored, especially by sensationalist media, plaintiffs ’  
lawyers and political opportunists, whose public pos-
turing on drug safety issues might be summarised as 
follows.
1.     Unless a drug is life - saving, it should generally not 
have any serious or life - threatening risks. Drugs for 
symptomatic relief or for lifestyle choices, especially 
for which there are alternatives, simply do not justify 
any chance of causing permanent injury or death.  
2.     The risks we are familiar with are  ‘ safer ’  (i.e. more 
acceptable) than the one we have just heard about. In 
the debate surrounding the withdrawal of rofecoxib, 
for example, the media rarely attempted to discuss 
the risks of life - threatening gastrointestinal bleeds 
caused by fi rst generation NSAIDs but reduced by 
rofecoxib. Instead, the discussion focused entirely 
on the newly identifi ed cardiovascular risks of the 
COX - 2 inhibitor.  
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   •      rise of biotechnology industry; and  
   •      shifts in resource patterns  –  outsourcing.    

   •      Changing public attitudes toward heath care and 
the industry: 

    •      high prices;  
   •      prescription drug advertising practices;  
   •      limited correlation between high industry profi ts 
and R & D spend;  
   •      general distrust of industry practices; and  
   •      changing public perceptions of drug safety and 
FDA ’ s role.       

Improvements  needed for the future 

 From our discussion in this chapter, it is obvious that 
the economic pressures on the industry pose signifi -
cant challenges for the discovery, development and 
introduction of novel drugs. Unless new products can 
be found to replace the revenue provided by those 
going off patent and becoming available as generics, 
the ability of the industry to continue funding R & D 
will be greatly impaired. If, in turn, this process leads 
to a long - term decline in fi nding new drugs to treat 
diseases and conditions that currently do not have 
adequate therapies, all of us will suffer. 

 Clearly, having better drug candidates and better 
ways of choosing which of them should enter into 
development would be an important step forward. 
Although the enormous increase in power of the 
biological and pharmaceutical sciences should have 
improved the range and quality of development 
candidates over recent years, prediction and selec -
tion of consistently successful ones is still elusive. 
Equally critical is improving the success rate of the 
overall process, which has changed little over the last 
few decades. Estimates of the overall success rate 
(approval) of a drug from the point of IND allowance 
remains essentially unchanged at about one in six 
 [11] . It has been suggested that increasing the success 
rate by 10% across a portfolio of drugs at all stages of 
clinical development would have the same effect on 
development costs as reducing the development time 
by more than 20%. But changes in regulatory policy 
would seem unlikely to have much immediate and 
direct effect  –  other than through raising time and 
costs  –  on either the quantity or quality of candidates 
to take into development or the ultimate success rate 
among these candidates. 

 Regulators, of course, might facilitate research to 
permit failing drug candidates to fail earlier in the 
process and thus be eliminated at lower cost. Despite 

organisational changes at the FDA have also increased 
the agency ’ s resources and sought to integrate better 
decision - making on drug risk – benefi t issues. 

 If risk management activities are used to permit 
the marketing of drugs that otherwise would be kept 
off the market because of serious safety concerns, and 
the activities are effective, the public will be better 
served. On the other hand, if REMS are routinely 
applied to drugs that could be marketed safely 
without them, they may unnecessarily inhibit or deny 
access of physicians and patients to, or appropriate 
use of, valuable and acceptably safe medicines. Cur-
rently, the agency is actively grappling with this issue, 
having moved from a trend in requiring REMS for all 
products (which resulted in an increase in workload 
for FDA that tended to slow the implementation 
process) to a more modifi ed and selective approach 
to focus on more serious risks, and also to recom-
mend drug class REMS. A notable example has been 
the requirement for opioid sponsors to develop a 
class REMS, though initial efforts did not meet 
approval, and efforts continue to be underway. Very 
recently FDA have separated the Medication Guide (a 
portion of the risk communication in a REMS) from 
the more demanding requirements incorporated in 
the  ‘ Elements to Assure Safe Use ’  which apply to a 
more selected list of drugs.   

Summary of changing environment 
and impact on industry

 Much has transpired over the last several years that 
has affected the health care environment and, ulti-
mately, the pharmaceutical industry. To summarise, 
we have discussed the following.
    •      The evolving regulations and their impact on the 
planning, devolpment and approval of new pharma-
ceuticial products.  
   •      The changing economic envrironment in which the 
pharmaceutical industry must operate: 

    •      increasing generic competition;  
   •      accelerating rate of innovator competition;  
   •      demand for cost - effective products, with sup-
porting data;  
   •      declining productivity of R & D;  
   •      rise of pharmacogenomics and personalised 
medicine approaches to therapy; and  
   •      increasing costs of drug development.    

   •      The economic consequences of the changing envi-
ronment on the industry: 

    •      consolidation of the industry;  
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centives) for research, on both national and multina-
tional levels. Those issues, beyond the scope of this 
chapter, are raised to keep our regulatory suggestions 
in perspective. While the drug development process 
can be improved, these improvements will not solve 
the larger threat to the pharmaceutical industry. 

 Our main proposals are as follows.
1.     At the NDA stage, make more use of the NDA ’ s 
existing conditional approval mechanisms, so that 
in a wider range of circumstances a drug may be 
approved for the market for limited indications con-
siderably earlier than it would be at present, on condi-
tion that the development programme continues and 
that the conditions of initial approval are enforced. 
In this way, the law ’ s ultimate effectiveness and safety 
standards for a full approval are safeguarded, not 
compromised. While this avenue exists and is used, it 
has not generally been commercially attractive for 
wide - scale use. (It is used to good effect, however, in 
orphan drug INDs and NDAs.)  
2.     Congress should undertake more efforts to share 
the costs and risks of research with the private sector 
and to provide more incentives for private investment 
in research.    

 We also believe that other opportunities for 
improving drug discovery and development exist 
through creative use of the FDA ’ s skills. 

Reform the NDA  by  extending the 
option of provisional  approval 
 While the standards of ultimate NDA approval, based 
on effectiveness and safety, should be carefully main-
tained, existing regulations already provide for attain-
ing full approval in multiple stages. Our proposal is 
that these options should be made available in a wider 
range of circumstances, at the request or at least with 
the concurrence of the sponsor. The model would be 
similar to that developed by the FDA and sponsors so 
successfully over the past several decades for handling 
drugs for accelerated approval, and would be tailored 
to the case of each particular drug. The sponsor would 
have the option of requesting or accepting earlier 
approval under, for example, a restricted range of uses 
or increased post - market controls and obligations, 
in exchange for postponing completion of the full 
panoply of tests until after market entry. As noted 
before, it is common today to require pre - approval 
studies in various populations (geriatric, pediatric, 
immunocompromised), to explore uncommon but 
potential risks (drug – drug interactions, effects of 
polymorphism) or to develop and validate surrogate 
endpoints or diagnostic tests that may improve 

numerous attempts in the past to streamline it, the 
drug development and approval process still takes 
too long and is too expensive. The FDA recognised 
this reality a few years ago, and launched its Critical 
Path Initiative in an effort to identify new strategies 
and tools to assess safety and effectiveness at lower 
cost, in less time. We applaud this effort. Some of 
our recommendations fi t within the Critical Path 
Initiative. 

 Before turning to specifi c suggestions, however, 
some cautionary notes are in order. The ability of one 
regulatory agency, even one as powerful as FDA, to 
improve the drug development process is limited. The 
pharmaceutical industry has become global in all 
aspects. Drugs are not developed for single coun -
tries, but to treat conditions that transcend national 
boundaries. Research may be planned in one place, 
but executed in many different locales, depending on 
relative costs, timelines and skills. One factor making 
this globalisation possible has been the harmonisa-
tion of regulatory requirements among the advanced 
nations and acceptance of data generated in other 
countries. Much of the core preclinical and early 
clinical assessment of a new drug is now fairly stand-
ardised. While this coordination has reduced unnec-
essary and duplicative testing, it also limits the 
potential gains from a unilateral change in FDA regu-
latory standards and processes. Moreover, recent 
studies have shown that in the last decade, the FDA 
has approved more NMEs, and approved them on 
average faster, than either the European Medicines 
Agency or HealthCanada, and when two or more of 
the three bodies have approved the same NME, the 
FDA is most often the fi rst to grant the approval. 
Thus, further acceleration of FDA review times will 
only benefi t a globalised pharmaceutical to a limited 
degree; improvement must occur across all major 
regulatory agencies to have a larger impact. 

 Changes in these requirements may also be quite 
insuffi cient to address the economic challenges now 
facing the industry. Increasing the  ‘ success rate ’  for 
compounds entering phase I from 16 – 20% to, say, 
40% might save R & D dollars, but might not generate 
the revenues needed to sustain the traditional busi-
ness model of the industry. A shift from  ‘ blockbuster ’  
drugs that can be used by hundreds of thousands of 
patients to orphan products or niche agents means 
that not all approvals are equal. To make the 
drug development model for the next decades truly 
self - sustaining, governments must address reim-
bursement policies, intellectual property protections, 
cross - border trade and other incentives (and disin-
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that screen for coverage and reimbursement levels 
(incentivising patients to use lower cost medications), 
require prior approval in extraordinary cases, and 
monitor proper use; hospital system rules to reduce 
medication errors; and controlled substance prescrip-
tion tracking to identify potential abuse and diversion 
to illicit markets. These systems have the potential to 
grow in the near future, as electronic health records 
(which the FDA will tap for the Sentinel Project), 
accountable care organisations and integration of 
health delivery activities come to age under recent US 
health care reform legislation. As a result, the market-
place has already developed its own powerful and 
expanding set of controls that can  –  and in some cases 
already does  –  act as an additional safeguard for the 
use of new drugs in the early post - marketing situa-
tion. Thus, we propose that the FDA seek to integrate 
this reality into its own REMS programmes and NDA 
decision - making process. 

 There is a second concern with the idea of evolving 
approvals. Despite the freedom granted to physicians, 
drug companies are not legally permitted to promote 
their products for unapproved uses. There are excep-
tions: truthful and non - misleading information can 
be provided about off - label uses in the context of 
scientifi c exchange and responses to unsolicited ques-
tions. Unfortunately, companies can face an abrupt 
loss of market revenues when generic competition 
begins and the incentive to maximise sales during the 
period of product exclusivity is strong  –  and has, in 
some instances, led companies to violate the prohibi-
tion against off - label marketing. The government  –  
acting through the FDA, the US Department of 
Justice, the Offi ce of Inspector General of the US 
Department of Health and Human Services and the 
Attorneys General of the various states (and aided by 
whistle - blowers who can obtain substantial rewards 
for turning in violators) has engaged in a major cam-
paign over the last decade - plus against promotion 
of drugs for unapproved uses. Numerous companies 
have reached settlements involving payments of bil-
lions of dollars. The very fact that major pharmaceu-
tical fi rms have been charged with off - label marketing 
demonstrates that the risks are real that these prac-
tices might occur under a plan of provisional approval 
for limited purposes. We are not making any recom-
mendations to address this risk, but recognise that it 
is an issue to be resolved if our proposal for greater 
use of earlier qualifi ed approvals is adopted. 

 In summary, a conditional approval step could be 
integrated with the existing system of marketplace 
utilisation controls, and thus be used as an option to 

patient selection and monitoring. In the case of break-
through agents, the FDA has found it justifi able to 
defer some or all of these studies to a post - approval 
stage, in order to make the drug available to needy 
patients now. This practice, which really began in 
the 1960s with l - dopa for Parkinson ’ s disease, was 
expanded successfully with treatments for AIDS and 
cancer, as well as orphan drugs, in the 1980s and 
1990s. In essence, the agency assesses  ‘ whether the 
benefi ts of the drug outweigh the known and poten-
tial risks of the drug and the need to answer remaining 
questions about risks and benefi ts of the drug, taking 
into consideration the severity of the disease and the 
absence of satisfactory alternative therapy ’   [12] . That 
formulation, while quite successful, might be modi-
fi ed to take into account also the possibility that the 
remaining questions will not be answered because the 
cost of premarket development (i.e. answering them) 
exceeds the ability of the economy to sustain it (i.e. to 
attract the capital to pay for the studies). The FDA has 
historically abhorred getting into economic issues. 
Unfortunately, if the crisis in drug R & D continues to 
unfold, the need to do so may become very compel-
ling and more generally acceptable. 

 The idea of an evolving approval status for new 
drugs, which we proposed in a previous edition, has 
now begun to be debated in recent publications 
under the terminology of  ‘ adaptive licensing ’   [13,14] . 
Recently, academics, regulators and industry repre-
sentatives formed a consortium at the Massachusetts 
Institute of Technology called the New Drug Devel-
opment Paradigms (NEWDIGS) to further develop 
this concept. 

 A key issue underlying this proposal concerns the 
freedom or constraints on the use of the drug before 
full approval is granted. In the USA, a physician is 
generally permitted to prescribe or administer an 
approved drug product for any bona fi de medical use, 
even if the drug is not approved for that particular 
use (called an  ‘ off - label use ’ ). Exceptions exist for 
drugs subject to REMS programmes, as well as some 
controlled substances. Otherwise, the decision to use 
a drug  ‘ off - label ’  is up to the physician, subject to 
any utilisation controls imposed under formulary or 
reimbursement schemes (and, of course, malpractice 
liability). 

 Our proposal accepts a fact that is not yet fully 
recognised in the context of the FDA approval 
process: in the past few decades, the US health care 
system has incorporated a set of drug utilisation con-
trols that are independent of the FDA regulatory 
system. These controls include health insurance rules 



532 Chapter 26 

      The Orphan Drug Act also protects a drug 
approved for an orphan disease for a period of 7 
years against the marketing of a copy of that drug 
for the same indication. (A copy could be cleared 
for a different indication.)    

   •      Data exclusivity for a period of time. 
      In 1984, Congress provided that anyone wanting 

to market a copy of an already approved drug could 
not rely upon the safety and effectiveness data gen-
erated by the innovator for a period of up to 5 years 
following the fi rst approval of that drug. If approval 
is sought earlier, the preclinical and clinical data 
needed for approval must be duplicated.  
      In 2010, Congress enacted a regulatory system for 

new products that were closely related to approved 
biological products (called  ‘ biosimilars ’ ). In this 
situation, the follow - on product may not rely on 
the innovator ’ s data for a period of 12 years.  
      In 2012, Congress established special incentives 

for the development of antibiotics for certain infec-
tious diseases, and extended the data exclusivity by 
an additional 5 years (and marketing exclusivity if 
an orphan drug from 7 to 12 years).    

   •      Government ’ s sharing research and development 
costs. 

      For products in development that are designated 
as orphan drugs, the sponser may apply for grants 
to fund research and is entitled to tax credits (which 
are worth more than ordinary tax deductions) for 
its expenses.  
      Beginning in 1986, Congress authorised govern-

ment agencies and private companies to enter 
Cooperative Research and Development Agree-
ments to share resources, expertise and intellectual 
property in order to speed product development.    

   •      Government ’ s paying the entire R & D cost. 
        In 2006, Congress passed a statute to improve 

national preparedness for the risks of pandemic 
diseases and bioterror attacks. One element was the 
creation of the Biomedical Advanced Research and 
Development Authority, which can fund late stage 
development to complete the preclinical and clini-
cal work needed to obtain regulatory approval of 
products, as well as completion or improvement of 
manufacturing capacity, for agents used to prevent, 
diagnose or treat pandemic diseases or those that 
might be used by terrorists.    

   •      Priority review status at the FDA. 
      The FDA on its own created fast - track and accel-

erated review procedures to facilitate the develop-
ment and expedite the review of drugs fulfi lling an 
unmet medical need for a serious disease.  

expedite approvals for earlier access to promising 
therapies that might not be able to reach the market 
at all due to the cost of R & D. It would be important, 
however, not to burden new drugs unnecessarily with 
conditional approval status if there is not a real 
reason to do so, or to compromise the ultimate 
requirements of safety and effectiveness that should 
be applied to all drugs.  

Protect, and  if necessary enhance,  economic
incentives for drug development
 The business model that has sustained drug R & D for 
the last 75 years may be dying, if it is not already dead. 
The costs of development have been steadily rising, 
the yield of new products with large revenue potential 
has been declining, and the ability of pharmaceutical 
fi rms to self - fi nance research is eroding signifi cantly. 
While the biotech industry, fi nanced with venture 
capital, is fi lling some of the gap created, reports 
suggest that the uncertainty in cost, timeline and 
chances for success is discouraging potential future 
investors. It may become necessary for the US govern-
ment (and its counterparts in other countries) to 
undertake a greater share of the burdens and hazards 
of drug development, in order to continue attracting 
private capital into the process. 

 Historically, drug development has always been a 
public – private partnership, in which the government 
has both contributed to development of the scientifi c 
knowledge base supporting a new drug (e.g. through 
basic research at the National Institutes of Health) 
and provided direct and indirect fi nancial rewards for 
successful discoveries (e.g. by granting patents that 
delay competition from generic copies). In the last 30 
years, the US Congress has created a number of addi-
tional approaches. Today, the catalogue includes the 
following.
    •      Marketing exclusivity for a period of time. 

      The patent laws provide a period of time during 
which the innovator has exclusive rights to exploit 
its discovery (e.g. a chemical entity or group, a 
method of treating a disease or a means of manu-
facture). Potential competitors may not use the 
patented invention until the patent expires or is 
invalidated. In 1984, Congress established a unique 
mechanism by which the patent life would be 
extended to compensate for at least some of the 
time lost in the regulatory development and review 
process. In 1997, Congress further provided an 
additional extension of patent life as a reward for 
undertaking supplementary pediatric research on a 
drug known to be safe and effective for adults.  
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 We are also concerned that the classic model of 
patent - protected marketing exclusivity is yielding 
drugs of exceptionally high cost to the health care 
system. One recent report suggested that 1% of total 
prescription drug usage represented 17% of total pre-
scription drug spending for one insurer. Public will-
ingness to pay premium prices for drugs with a 
narrow therapeutic application  –  as well as Ameri-
cans ’  willingness to pay a premium price for the same 
drugs made by the same fi rms than is charged in 
other developed countries  –  cannot be sustained 
indefi nitely. Hence, ways to reward successful drug 
discovery and development other than through high 
prices charged to patients and insurers should be 
considered. 

 A second consideration is also pertinent. To the 
extent that taxpayers are being asked to carry the 
fi nancial burden of improving incentives for drug 
innovation, policy makers should recognise the cor-
responding duty to assure that taxpayers get mean-
ingful benefi ts. Thus, as Wood suggested several years 
ago  [15] , the incentives should induce sponsors to 
perform useful tasks, such as undertaking high com-
mercial risk projects, completing long - term safety 
and effectiveness data commitments (including phase 
IV studies), performing head - to - head comparative 
studies and converting surrogate or biomarker end-
points promptly to solid clinical endpoints. 

 An interesting aspect of Wood ’ s proposal is that he 
would give sponsors the option of taking these incen-
tives (and providing the benefi ts) or ignoring them 
to stay with the current regulatory framework. Thus, 
the incentives would be above and beyond those 
available to all other drugs. Wood also would provide 
a powerful disincentive to a sponsor who did not keep 
its word: early generic competition. 

 Whether the fl exibility of the system proposed 
by Wood might interject too much uncertainty for 
potential investors, or would be feasible for a gov-
ernment bureaucracy constrained by all sorts of 
procedural and substantive requirements on its 
decision - making, is beyond the scope of our chapter. 
Suffi ce to say that, as the government considers exist-
ing and additional incentives, the need to assure the 
public of real health benefi ts from the incentives will 
always be present.  

Other opportunities for improving 
drug discovery and development –
the FDA ’s skills
 Using the increased skills and talents of the greater 
number of qualifi ed staff now at the FDA (made 

      Beginning in 1992, Congress endorsed the 
concept of  ‘ fast track ’  and, in the fi rst prescription 
drug user fee law (and all later versions as well), 
distinguished between  ‘ priority review ’  and  ‘ stand-
ard review ’ . Priority review drugs have shorter 
deadlines for agency action. Drugs that offer a 
major advance in treatment, or for a condition for 
which there is no adequate therapy, are eligible for 
priority review.  
      In 2006, Congress directed that a priority coun-

termeasure for pandemic or bioterrorism defence 
is automatically to be given priority status.  
      In 2007, Congress authorised a  ‘ priority review 

voucher ’  to be issued to the sponsor of any drug 
that is approved for a tropical disease (generally 
meaning a disease for which there is no signifi cant 
market in developed nations and which dispropor-
tionately affects poor and marginalised popula-
tions). The voucher entitles its holder to obtain 
priority review status to any drug application, 
whether it would otherwise qualify or not. Moreo-
ver, the voucher is transferable from one company 
to another.      
 The wide range of options by which the govern-

ment can work with the private sector to encourage 
drug development is not limited to the foregoing 
examples. Preferential coverage and reimbursement 
policies, procurement contracts and one - off bonuses 
for successful achievement of a research programme 
have also been suggested. 

 The need for creative incentives has long been rec-
ognised, as shown by those provided for orphan 
drugs, for drugs for tropical diseases, for pandemic 
and bioterrorism countermeasures and most recently 
for designated antibiotics. These incentives can be 
(and often are) overlapping, so that (for example) 
patent protections augment data exclusivity and pri-
ority review status. 

 We do not make any specifi c recommendations as 
to when, how and for which drugs new economic 
incentives may be justifi ed. One size will not fi t all. 
For example, some new therapeutic uses for a drug 
may only be discovered after the patent has expired. 
While the life of a patent can be extended, it cannot 
be resurrected once it has expired. Once a drug 
has gone generic, no company would be enthusiastic 
to spend the time and money to seek formal 
FDA approval of new uses if the approval would 
equally benefi t all competing manufacturers. Optimal 
medical practice, however, calls for access to sound 
and persuasive data on new indications for older 
drugs, and fi nding the right incentive is a challenge. 
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ing of candidate compounds. Science has decoded 
the human DNA. International efforts to harmonise 
national regulatory requirements, together with re -
duction in trade barriers in the last 20 years, have 
produced a truly global pharmaceutical industry. 
Hardly conceivable in 1990, these achievements are 
profound. Credit is due to many parties around the 
world. 

 Nevertheless, just when the world might expect the 
system to be yielding more new medicines faster and 
with more effi ciency, the pharmaceutical industry ’ s 
output has slowed and become more costly. At the 
same time the industry, and the processes for both 
testing and marketing drugs, have acquired a very 
negative public image. The loss of public trust is not 
limited to the private sector. The FDA has come 
under repeated criticisms for allegedly missing drug 
safety problems, for still taking too much time in 
reviewing and approving drugs and even for causing 
shortages of critical medicines. 

 The causes of this unfortunate state of affairs are 
numerous, and require a variety of solutions, many 
of which lie outside the realm of FDA regulation. 
The industry has become global in its development 
efforts, and the impact of any one agency, even the 
FDA, has been diminished. Moreover, the US and 
other national markets have become more conserva-
tive in drug utilisation and payment for new prod-
ucts, which has a powerful impact on incentives for 
future research. Redefi ning the roles of the industry, 
the FDA, other government agencies, health care 
insurers and health care providers, in the pursuit of 
effective new therapies and their appropriate use is 
one of the areas where attention is needed in the 
future. 

 Creative solutions are needed to sustain innovation 
in the pharmaceutical industry and its potential 
to positively affect patient health. These actions 
include earlier patient access to promising therapies, 
with conditions; protecting and enhancing economic 
incentives for drug development; and capitalising on 
FDA skills and expertise in new technologies and 
ideas to improve drug development, such as in the 
Critical Path Initiative. 

 The current business model for the industry is 
under increasing pressure; some say it is broken. It 
is only through imaginative thinking and forging 
new partnerships (industry, regulatory agency and 
academia) that the industry and the US public can 
hope to return to the pharmaceutical innovation that 
was experienced over the last 40 years.  

possible in particular by the budget expansions of the 
Prescription Drug User Fee Act (PDUFA) and other 
appropriations, and now in more concrete form in 
the agency ’ s Critical Path Initiative is another avenue. 
DiMasi and Manocchia  [16]  have shown that early 
and continuing discussions between the regulators 
and the regulated, in the form of FDA – sponsor con-
ferences, facilitate drug approval. This is what one 
would expect if, by the time of submitting an NDA, 
all the important questions had been asked and 
answered. Both FDA and industry have recognised 
the importance of these communications and have 
included these expectations into PDUFA V, enacted 
in July 2012. Specifi cally, goals have been included 
such as: (i) Meeting Management  –  scheduling of 
meetings and meeting minutes, and (ii) Enhancing 
Communication  –  dedicated FDA staff to train 
reviewers on effective communication, including best 
practices, and dedicated liaison staff to serve as point 
for interaction with sponsors. 

 The FDA ’ s Critical Path Initiative was launched in 
2004 to  ‘ transform the way FDA - regulated products 
are developed, evaluated, and manufactured ’ . Several 
areas were identifi ed as Critical Path foci: developing 
better evaluation tools, including biomarkers and 
new assays; streamlining clinical trials; capitalising on 
bioinformatics and creating an FDA electronic envi-
ronment for exchanging data and safety surveillance; 
modernising manufacturing approaches to include 
process analytical technology and nanotechnology; 
developing products to address urgent health needs 
and focusing on at - risk populations, such as pediat-
rics. FDA has provided a detailed report  [17]  outling 
the progress made, but there is continued opportu-
nity to improve the development process. If the 
agency can continue to harness these newfound skills 
and resources, real progress can be made and the 
results of this effort will be followed with particular 
interest.   

Conclusions

 It has been a half century since enactment of the 1962 
Amendments to the Food, Drug, and Cosmetic Act. 
After an initial decade of diffi culty, the pharmaceuti-
cal industry and the FDA have in general worked well 
together, and the four decades since 1970 mark an era 
of unparalleled achievement in the modernisation of 
drug development and approval. Industry has imple-
mented new technologies for the design and screen-
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Response io Senate Report 111 - 0039, Food and Drug 

Administration .  2010 . Available from  http://www.

fda.gov/downloads/ScienceResearch/SpecialTopics/

CriticalPathInitiative/UCM249262.pdf  (accessed 9 No -

vember 2012).  
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Introduction 

 Drug regulation in the form of quality control was 
fi rst introduced to early eighteenth century Japan in 
the Edo era in recognition of the close proximity 
between medicine and people ’ s lives, when drug 
inspection facilities for traditional herbal medicines 
were established in fi ve major cities and drugs that 
failed inspection were banned from sale  [1] . 

 From the 1870s, after the Meiji Restoration of 1868, 
a series of laws were enacted regulating the sales of 
drugs (1870), pharmaceutical drugs (1873) and toxic 
and poisonous drugs (1877), with a strong focus on 
Western medicine infl uenced by cultural enlighten-
ment of the period, which effectively marked the sharp 
decline of the traditional medicine industry  [2] . 

 The Japanese Pharmacopoeia, which regulates drug 
properties and qualities, was promulgated in 1886 and 
enforced the following year. This has since been revised 
many times and is still in active use today  [3] . 

 The fi rst law pertaining to regulation of the han-
dling and sales of drugs, Law No 10, commonly 
known as  ‘ Yaku - Ritsu ’ , was enacted on 16 March 1889 
and enforced from March 1890. The key elements of 
this law were the classifi cation and defi nition of busi-
nesses relating to drugs, such as  ‘ pharmacist ’ ,  ‘ phar-
macy ’  and  ‘ drug manufacturer ’  and the regulation of 
activities of each business respectively and prohibi-
tion of sale of drugs that do not conform to the Japa-
nese Pharmacopoeia.  ‘ Yaku - Ritsu ’ , which was revised 
many times since its inception, notably in 1907 when 
the manufacture and display of prohibited drugs was 

banned, could be said to be the predecessor to current 
drug regulation in Japan. From a regulatory perspec-
tive, the sale of drugs went conceptually hand - in -
 hand with manufacturing throughout history until 
recently  [4] . 

 Traditionally, government policy was to prioritise 
control of harmful drugs and not to proactively regu-
late all drugs regardless of their effi cacy. However, 
government policy changed in 1910, to one that 
required drug effi cacy as well as safety as it had 
achieved quality control of drugs to a certain extent 
through previous implemented measures  [5] .  

Governing law

Pharmaceutical Affairs  Law
 The Pharmaceutical Affairs Law (PAL) serves as the 
backbone of the legal system applicable to drugs and 
medical devices, which is enforced through issuance 
of ministerial ordinances, orders, notices and notifi -
cations by the Ministry of Health, Labour and Welfare 
(MHLW). PAL is all - encompassing, ensuring the 
safety, effi cacy and quality of drugs, medical devices, 
cosmetics and quasi - drugs as relates to development, 
manufacturing, importation and marketing through 
the approval and licensing systems and standards laid 
down therein. PAL and its associated regulations span 
every aspect of the whole life cycle of a drug from 
research and development incorporating Good Labo-
ratory Practice (GLP), Good Clinical Practice (GCP), 
Good Manufacturing Practice (GMP) through to 
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made to the Pharmaceuticals and Medical Devices 
Agency (PMDA). 

 Under PAL, foreign pharmaceutical companies 
with no presence in Japan may conduct clinical trials 
under their own name by assigning a Japan - based 
In - Country Caretaker for Clinical trials to jointly 
assume their legal, regulatory and operational obliga-
tions. However, marketing authorisation applications 
(MAA) can only be made by an MAH.  

Accreditation of  foreign  manufacturers 
 Under PAL, foreign manufacturers must be accred-
ited under the same conditions as domestic manufac-
turers in order to export drugs into Japan. The 
MHLW is authorised to grant accreditation, while the 
PMDA conducts the inspection of manufacturers ’  
buildings and facilities. Accreditation is granted 
for each manufacturing establishment according 
to the category specifi ed by the PAL enforcement 
regulations. 

 Prior to application, a Japanese MAH, who acts 
as an agent for the applicant, must submit a busi -
ness number registration form ’ , containing informa-
tion on the applicant ’ s business and manufacturing 
establishments, to fi rst obtain a business reference 
number. 

 The applicant submits two copies of a completed 
application for accreditation and required attach-
ments to both the MHLW and PMDA. The agent 
may make the submission on the applicant ’ s behalf. 
Attachments required are as follows.
1.     A medical certifi cate from a physician stating 
whether the applicant suffers from mental illness 
or illegal drug addiction. Where the applicant is a 
company, strictly speaking the same is required, but 
a signed written statement that the relevant execu-
tives are free of the above, usually suffi ces.  
2.     The curriculum vitae of the person responsible for 
the manufacturing establishment.  
3.     A list of the products to be manufactured for 
exporting to Japan and documentation on the manu-
facturing processes.  
4.     Detailed documentation on the buildings and 
facilities of the manufacturing establishments.  
5.     Documentation on the type of radiopharmaceuti-
cals and an outline of the facilities for handling such, 
when the amount handled is more than the accepted 
amount by the MHLW.  
6.     Copies of all valid drug marketing and/or manu-
facturing licences, marketing approvals or marketing 
certifi cation that the applicant holds in the country 
in which it is headquartered.    

post - marketing covering Good Vigilance Practice 
(GVP), Good Quality Practice (GQP), Good Post -
 Marketing Study Practice (GPSP), Periodic Safety 
Update Reporting (PSUR), reporting of adverse drug 
reactions (ADR) and infections. 

 PAL, fi rst enacted in March 1943 (Law No 48), was 
an amalgamation of all previous laws and regulations 
relating to drugs with an extra layer of quality opti-
misation through the introduction of the manufac-
turing business licence system  [6] . 

  ‘ Old ’  PAL (Law No 197) underwent complete revi-
sion in July 1948 to align with the newly established 
Japanese Constitution (1947). Apart from fi lling the 
loopholes found in 1943 PAL, pre - war governmental 
discretional powers were signifi cantly reduced and 
pharmaceutical manufacturing and distribution 
became subject to registration  [7] . 

 The signifi cance of  ‘ current ’  1960 PAL (Law No 
145) was its enactment in preparation for the 1961 
launch of the new universal health care insurance 
system under which high - quality health care services 
are provided at low cost (30% co - payment of medical 
expenses) to the patient today. 

 PAL was subject to another major amendment in 
2002, enforced in 2005. Of remarkable importance 
was the radical shift of direction in the approval 
system from manufacturing (import) to marketing, 
the licensing system from business to market authori-
sation holder (MAH) and the separation of manufac-
turing as an independent business category, which 
effectively brought Japan in line with Western stand-
ards, enabling international consistency to support 
development of, not only drugs, but also cutting - edge 
technologies, such as biologics and genomics. 

Marketing  authorisation holder
 The type 1 licence, issued by prefectural governors, is 
required for a company to become an MAH needed 
for marketing prescription drugs. The assignment 
of offi cer(s) responsible for quality control in com-
pliance with GQP, one for post - marketing surveil-
lance conforming to GVP and a general manager 
(with a qualifi cation in pharmacy) responsible for 
overall marketing compliance and oversight over the 
other offi cers, make up the three pillars of the drug 
quality assurance system necessary for obtaining this 
licence, which is valid for 5 years, after which it is 
renewable.  

Marketing  approval 
 Marketing approvals are required for each formula-
tion of drug prior to launch through applications 
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 Generally, the PMDA does not conduct on - site 
inspections, but confi rmation of documents only 
usually suffi ces. Usually the time to accreditation 
takes around 5 months. The foreign manufacturer 
must be accredited prior to MAA fi ling.    

The Japanese regulatory system

Regulatory framework 
Key  organisations 
Ministry of Health,  Labour and  Welfare   One of the key 
responsibilities of the MHLW is oversight of pharma-
ceutical regulatory affairs in Japan. The Pharmaceuti-
cal Affairs and Food Safety Bureau (PAFSB) and the 
Health Policy Bureau (HPB), which sit under the 
MHLW, are responsible for matters relating to drug 
development and health care. The PAFSB functions 
as the administrative arms and legs of the MHLW as 
relates to clinical development, approval and post -
 marketing of drugs and medical devices. The HPB 
handles policy - making as relates to the various func-
tions of a pharmaceutical company such as research 
and development, manufacturing, distribution and 
drug pricing.  

Pharmaceuticals and Medical Devices Agency   The 
PMDA, also known as KIKO, the offi cial name being 
Iyakuhin Iryokiki Sogo Kiko, is an independent 
administrative agency, established in April 2004. 
Its main responsibilities are reviews of clinical trial 
notifi cations (CTN), MAA for drugs and medical 
devices, which includes GLP, GMP, Quality Manage-
ment System and GCP compliance inspections for 
quality and safety assurance to ensure that these are 
in compliance with standards set down by the law, 
provision of regulatory consultations regarding non -
 clinical and clinical development and the relief of 
victims of drug - induced health issues. 

 The review teams are divided into  ‘ Offi ces ’  of New 
Drugs I – V, Biologics I and II, Over - the - Counter 
drugs and Generics, Medical Devices I and II, 
Compliance and Standards, and Safety I and II 
(Figure  27.1 ).     

Key  advisory committees to the MHLW 
Pharmaceutical and Food Sanitation Council   The 
Pharmaceutical and Food Sanitation Council (PAFSC), 
which is divided into many committees, reviews drug 
applications for marketing approval, meeting around 
eight times a year. 

 The First Committee on New Drugs reviews MAAs 
for all new drugs excluding those covered by the 
Second Committee on New Drugs, which handles 
drugs for oncology and virology, blood and biological 
products.  

Pharmaceutical Affairs  Committee   The Pharmaceuti-
cal Affairs Committee (PAC) meets four times a year 
to review, report and approve new drugs.  

Central  Social Insurance  Medical Council   This council, 
also known as  ‘ Chuikyo ’ , makes recommendations 
regarding health insurance and medical fees, includ-
ing reimbursement prices of drugs and medical 
devices every 2 years (Figure  27.2 ).      

Roadmap to launch
 For the purposes of this textbook, the focus is placed 
on the roadmap to launch new drugs, which are 
defi ned as those that contain new modes of action, 
chemical structure, new molecular entities (NMEs), 
dosage, route of administration or indications that 
are clearly differentiated from existing drugs that 
have already been approved in Japan. 

Regulatory consultation
 The PMDA has an expansive face - to - face consulta-
tion system for applicants that range from pre and 
post non - clinical to clinical studies (phases I – IV), 
multinational cooperative clinical trials (MCCT), 
drug reliability and compliance conducted on a fee 
basis. The PMDA provides offi cial minutes from such 
consultations, which may be attached to MAAs for 
consideration as part of the review. 

 From April 2011, the prior assessment consultation 
became available for applicants to submit data on 
quality, pharmacology, toxicity, pharmacokinetics 
(PK) and clinical trials for phase I – III, for assessment 
prior to registration of a new drug application 
(NDA). This is benefi cial for applicants to prepare 
more readily acceptable application dossiers and thus 
reduce the time taken to respond to inquiries that the 
PMDA pose to applicants during the approval review, 
allowing quicker time to approval. 

 From October 2011, orphan drugs has been added 
as a category to promote proactive development as its 
tardiness has been identifi ed as another reason for 
drug lag and eligibility for priority review prior to 
fi ling for approval. 

 The same review team that handles actual reviews 
of CTNs, MAAs and compliance conducts the con-
sultations. Again, to eradicate drug lag, the PMDA is 
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Exe

     Figure 27.1     Organisational structure of the Pharmaceuticals and Medical Devices Agency (PMDA).  
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struggling with acute shortage of experienced biostat-
isticians and various medical specialists  [9] .  

  Data  r equired for  a pproval  a pplication 
  Legal  r equirements  r elating to  d ata     Since July 2003, 
data attached to approval applications must take the 
form of a Common Technical Document (CTD), as 

placing greater importance on regulatory science to 
improve its performance in consultations and NDA 
reviews, thereby reducing risk of unsuccessful devel-
opment, by increasing the number of its staff from 
605 as of April 2011 to 751 by 2013 as well as its 
quality  [8] . There were only 291 staff in 2005 and so 
numbers are sharply increasing, but the PMDA is 

     Figure 27.2     Organisational structure of the Ministry of Health, Labour and Welfare (MHLW).  
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been submitted, hard copies are no longer required 
as part of the application. 

 Relevant regulations are as follows.
1.      ‘ Electronic Specifi cations of the CTD ’ , PAFSB 
Notifi cation No 06404001 (4 June 2003), partially 
revised as per ELD/PAFSB Notifi cation Nos 0527001 
(27 May 2004), 0527004 (25 August 2008), 0825001 
(25 August 2008) and 0707 - (3) (7 July 2009), were 
enforced as of 1 October 2008.  
2.     Management of submissions by eCTD are covered 
under ELD/PMSB Notifi cation No 0527004 (27 May 
2004), partially revised as per 0707 - (3) (7 July 2009), 
Administrative Notifi cations (31 March 2005, 27 
April 2005, 5 October 2006, 22 December 2006, 7 July 
2009 and 26 February 2010).     

Required  data for an NDA   Data on the following 
items must be submitted with the NDA:
1.     Basis and history behind discovery of the drug, its 
terms of use in other countries, unique characteristics 
of the drug and differences between other drugs used 
in the same therapeutic area, etc.  
2.     Chemical structure and physicochemical proper-
ties, manufacturing methods, standards and testing 
methods.  
3.     Stability: long - term storage, stress (under severe 
conditions) and accelerated tests.  
4.     Pharmacological action: tests that underpin effi -
cacy, secondary, safety and other pharmacology (the 
last on a case - by - case basis).  
5.     Absorption, distribution, metabolism, excretion 
and other pharmacokinetics (the last on a case - by -
 case basis).  
6.     Toxicity: single dose, repeat dose, reproductive, 
genotoxicity, carcinogenicity, local irritation and any 
other (the last three on a case - by - case basis).  
7.     Clinical trial results.    

 Modules 2 – 5 of the CTD are standardised world-
wide with only Module 1 being unique to each region. 
The required administrative information in Module 
1 in Japan is as follows.

1.     Table of contents for the module.  
2.     A copy of the NDA.  
3.     Certifi cates containing affi davits by parties 

responsible for data collection and compilation for 
NDA, GLP and GMP data, electronic formatting for 
the CTD. In the case of co - development, a copy of the 
associated contract must be provided here.  

4.     Patent - related information.  
5.     Basis and history behind discovery and develop-

ment of the drug.  
6.     Terms of use in other countries.  
7.     List of similar products.  

agreed at the International Conference on Harmoni-
sation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH). Regulations 
on data, its preparation and handling are provided for 
as follows:
1.      ‘ Drug Approval Applications ’ , Pharmaceutical and 
Medicine Safety Bureau (PMSB) Director - General 
Notifi cation No 481 (8 April 1999). Partial revisions 
as per: 

(a)      ‘ Handling of Data for Attachment to Drug 
Approval Applications ’ , PMSB Notifi cation No 663 
(21 June 2001);  
(b)      ‘ Guidelines for Preparation of Data for 
Attachment to Applications for Approval to Man-
ufacture or Import New Drugs ’ , Notifi cation No 
899 of the Evaluation and Licensing Division 
(ELD)/PMSB (21 June 2001); and  
(c)     ELD/PMSB Notifi cation Nos 0701004 (1 July 
2003), 0525003 (25 May 2004), 0707 - (3) (7 July 
2009) and Notifi cation by the Offi ce of Notifi ca-
tion (24 May 2004).    

2.      ‘ Provisions for Drug Approval Applications ’ , ELD/
PMSB Notifi cation No 666 (8 April 1999).  
3.     PAFSB Enforcement Notifi cation No 0331015 (31 
March 2005), further to the 2002 PAL revision.  
4.      ‘ Points to Consider in Submitting Applications for 
Approval of Manufacturing or Marketing of Medici-
nal Products ’ , ELD/PASFB Notifi cation No 0331009 
(31 March 2005), partially revised as per Administra-
tive Notifi cation (22 April 2005).  
5.     Reliability of Application Data, Article 43 of the 
Enforcement Regulations of PAL effective as of 1 
April 1997.  
6.     Acceptance of foreign clinical data in accordance 
with ICH - E5 (R1)  ‘ Ethnic Factors in the Acceptability 
of Foreign Clinical Data ’ : 

(a)      ‘ Approach to Data Obtained in Foreign Clini-
cal Trials ’ , PMSB Notifi cation No 739 (11 August 
1998);  
(b)      ‘ Ethnic Factors for Consideration in the Ac-
ceptance of Foreign Clinical Trial Data ’ , ELD/
PMSB Notifi cation No 672 (11 August 1998), 
partially revised by the Administrative Notice 
(4 January 1999) and associated Questions and 
Answers (Q & A) (25 February 2004 and 5 October 
2006); and  
(c)      ‘ Basic Concepts for International Joint Clini-
cal Trials ’ , ELD/PAFSB Notifi cation No 0928010 
(28 September 2007).       

Regulations relating to electronic  data   While prefer-
able, submission of an electronic CTD (eCTD) for 
MAA is not mandatory in Japan. Where an eCTD has 
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site. Generally, for NDAs, four clinical study sites are 
inspected. Where a pivotal study has been conducted 
abroad, the MHLW may conduct the inspection. 

 In the meantime, an application for GMP inspec-
tion is made 6 months before the expected meeting 
date of the First/Second Committee on New Drugs. 
The inspection consists of confi rmation that manu-
facturing is conducted in compliance with control 
and building/facility regulations. Japan has concluded 
mutual agreements to accept GMP - compliant inspec-
tion results of partner countries (25 EU countries and 
Australia) so that some of the quality control work 
required in Japan may be bypassed. 

 At this point, a preliminary report on fi ndings to 
date is compiled. The PMDA review team and at least 
three medical specialists of the relevant therapy area 
gather for an expert meeting to discuss identifi ed key 
issues. Procedurally, a general review meeting includ-
ing the applicant follows, but this is rare. A follow - up 
meeting with the specialists is conducted after which 
the reworked report is submitted to the ELD.  

   PAFSC   r eview     The PAFSC reviews the PMDA report 
and determines whether the drug should be approved. 
From April 2011, the two - step approval process for 

  8.     Draft package insert.  
  9.     Documents specifi c to the non - proprietary 

name.  
  10.     Data specifi c for classifi cation of poisonous and/
or deleterious ingredients.  
  11.     Draft protocol for post - marketing surveillance.  
  12.     List of enclosed documentation in the CTD.  
  13.     Hard copies of information on approved drugs, 
clinical trial consultation minutes and any inquiries 
to and responses from the regulatory authorities with 
data submitted at the time.    

 The data must be in Japanese, but documents that 
are in English in Modules 3 – 5 do not have to be 
translated provided that a Japanese summary is 
attached (Figure  27.3 ).     

   NDA   r eview  p rocess 
   PMDA   r eview     After NDA submission, the applicant 
is invited to an interview meeting with the PMDA 
review team to present the application. Throughout 
the review process, there is often an iteration of 
inquiries and responses to and from the applicant. 

 In parallel, GCP and GLP compliance reviews on 
submitted data are conducted consisting of paper 
and on - site inspections, checking against raw data on 

     Figure 27.3     Organisation of the International Conference on Harmonisation Common Technical Document (ICH - CTD). 

 (Reproduced from  [10]  with permission from the Japan Pharmaceutical Manufacturers Association.)   
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development plan and documentation to support 
fulfi lment of the above criteria:
1.     generic name;  
2.     active pharmaceutical ingredient and drug class or 
essential drug;  
3.     manufacturing method;  
4.     expected dose and administration;  
5.     expected indication; and  
6.     rationale for its especial value for use.    

 Defi nition as an indispensable drug for a serious 
disease depends on the gravity of the targeted disease 
versus the clinical usefulness of the drug in ques -
tion. The PMDA consults with experts and submits 
opinion to the ELD, after which the process is the 
same as with orphan designation. 

 Once designated for priority review, the drug 
enjoys prioritisation wherever possible along every 
step of the development path.  

Conditional approval 
 This is provided for under PAL, Articles 79 and 74 - 2 
where under certain conditions, which must not 
impose an unreasonable onus on the patient intend-
ing to obtain the drug, it may be approved for mar-
keting, but must be confi ned to the minimum that 
is required to prevent the occurrence of hazards to 
public health. The MHLW may revoke or make 
changes to the approval if companies do not comply 
with the conditions. The conditions imposed are 
either to conduct All Cases Surveillance for obtaining 
quality information on all cases through to re -
 examination to ensure, in particular, safety of the 
drug and to detect rare ADRs undetected during 
development or post - marketing clinical studies.  

Approval without  Japanese clinical trial data
 Another cause identifi ed for drug lag is off - label 
use of marketed drugs in unapproved indications, 
dose or administration. A supplemental NDA may be 
acceptable if the drug is either approved by a foreign 
regulator, with the dossier and proof of usage in large 
patient numbers for that indication readily accessible, 
or assured by clinical trials conducted by reputable 
medical institutions in terms of safety and effi cacy. 

 Since 2010, unapproved drugs or indications 
designated as necessary for Japan by the MHLW ’ s 
Council on Unapproved Drugs and Indications with 
Unmet Medical Needs and which are approved in 
either the USA, UK, Germany, France, Australia and 
Canada may be eligible for approval based on data 
from the public domain upon assessment by the 
First/Second Committee on New Drugs. Upon 

standard drugs was abbreviated; to review and rec-
ommendation for approval by the First/Second Com-
mittee on New Drugs  only , after which the procedure 
for formal approval by the minister of the MHLW is 
initiated immediately. 

 The additional step of approval review by the Phar-
maceutical Affairs Council (PAC) of PAFSC before 
formal MHLW approval is only required for drugs 
with unique features that require careful considera-
tion, which the MHLW estimates to be one product 
per annum if at all. For standard drugs, recom-
mendation for approval by the First/Second Com-
mittee of New Drugs is merely forwarded to PAC 
retrospectively.  

NDA approval by the  MHLW   The MHLW grants offi -
cial approval based on the recommendation of the 
First/Second Committee on New Drugs. This takes 
1 – 2 months after the convening of the committee 
meeting (Figure  27.4 ).     

Approval  timelines
 The impact of the abbreviated PAFSC review process 
is shortening of time to approval by around 1 month 
and of time to inclusion in the National Health Insur-
ance (NHI) price drug lists by another month. Total 
median NDA review time to approval for 2010 
decreased for standard applications by 4 months 
to 15.8 months and for priority review products by 
3.2 months to 12 months  [12] . The PMDA aims to 
further reduce review times but, according to the 
MHLW, lag has essentially been eliminated in this 
respect. Applicants are able to track the progress of 
their NDA online, but industry demands more regu-
latory accountability by, for example, setting a fi xed 
review time - line as in the USA and Europe.  

Priority review
 Orphan drugs and drugs accepted as indispensable 
for treatment of serious diseases are eligible for prior-
ity review. Application for orphan status is made 
directly to the MHLW, which receives, conducts the 
review and grants approval itself. 

 The criteria for orphan designation are as follows:
1.     patient numbers are less than 50,000;  
2.     shows great medical relevance for the targeted 
disease; and  
3.     ethical rationale supports use of this drug and the 
development plan appropriate.    

 Applicants are required to provide the following 
information on the application form, as well as the 
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     Figure 27.4     Approval review process. GMP, Good Manufacturing Practice; MHLW, Ministry of Health, Labour and Welfare; 

PAFSC, Pharmaceutical and Food Sanitation Council; PMDA, Pharmaceuticals and Medical Devices Agency.  (Reproduced 

from  [11]  with permission from the Japan Pharmaceutical Manufacturers Association.)   
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 Furthermore, with regards to television and radio 
commercials, implications relating to safety and effi -
cacy may not be made.  

Post -marketing surveillance
Good Vigilance Practice 
 This is a set of standards for quality assurance and 
safety management through collection and assess-
ment of Japanese and overseas information on ADRs, 
ensuring correct drug use and taking immediate 
action as necessary, provided under PAL, Article 12 - 2, 
paragraph 2 and enforced by the Ministerial Ordi-
nance No 171 on Standards for Post - Marketing Safety 
Assurance for Drugs, Quasi - drugs, Cosmetics and 
Medical Devices (20 December 2004).  

Early Post-Marketing  Phase Vigilance
 Since October 2001, Early Post - Marketing Phase 
Vigilance is compulsory for 6 months after launch. 
The MAH must provide necessary information for 
appropriate use to medical institutions 2 weeks before 
delivery, regularly request careful use and immediate 
reporting of serious ADRs.  

Good Post-Marketing  Study Practice 
 This is a set of standards on proper investigation and 
testing methods for post - marketing clinical studies 
and surveys conducted by the MAH to assure relia-
bility of data submitted for re - examination or re -
 evaluation of the drug. Surveillance, inspections and 
clinical studies required for re - examination applica-
tions must be performed in compliance with GPSP, 
GCP and GLP depending on the objective.  

ADR and  infections reporting system
 Under PAL, Article 77 - (4) - 2 - 1 and Article 253 of the 
enforcement regulations, the MAH is required to 
report ADRs (including serious ADRs) and drug -
 induced infections that occur in Japan or overseas 
within 15 days of discovery in specifi c cases where 
death or unexpected serious disability occurs or 30 
days of discovery in cases where serious foreseeable 
events occur.  

Periodic  Safety Update Report
 PSUR is governed under PAL and Article 63 of the 
enforcement regulations, requiring safety reports to 
be submitted every 6 months from the fi rst 2 years of 
approval and annually thereafter throughout the re -
 examination period. The PSUR and Japanese Peri-
odic Safety Report should be incorporated or attached 
together.  

positive opinion, data that support introduction in 
Japan such as treatment guidelines issued by medical 
societies is submitted after which the MHLW issues 
formal approval.  

Compassionate use
 There is currently no compassionate use system that 
allows access to unapproved drugs to patients for 
whom no alternative treatment is available, or who 
are ineligible for trial entry or where pharmaceutical 
companies will not develop due to a small patient 
pool, although this is under discussion.   

National Health Insurance  drug pricing
 New drugs must be listed on the NHI price list, which 
is updated by the Central Social Insurance Medical 
Council four times a year, to be reimbursed under the 
National Health Insurance Programme. 

 The drug price is set either by cost calculation or 
by similar effi cacy comparison I and II methods and 
which is adjusted upward if it is lower than 75% or 
downward if it is greater than 150% of the average 
drug price in the USA, UK, Germany and France. 
Once the price of the most commonly used strength 
is determined, the prices of the other strengths are 
calculated proportionately using the inter - strength 
ratio applied to the selected similar drug. 

 A new price premium (5 – 120% applied to the 
market price - based NHI price) became effective 
for seven categories for innovativeness and clinical 
benefi ts on a trial basis from April 2010. The 
MHLW is undertaking extensive assessment of the 
premium ’ s effects to decide on making this perma-
nent in 2012. 

 NHI prices are revised downwards in April of every 
other year, based on results from a market price 
survey of drugs in the autumn of the previous year, 
to ensure stable supply of low priced essential drugs 
and curb medical expenditure. For the past decade, 
the average revision rate has been under 6%. The next 
revision is expected in 2012. 

 From August 2011, minimum statutory NHI drug 
prices are set for each dosage form to protect essential 
drugs.  

Conditions on advertising
 Advertising of prescription drugs is permitted, as 
per Pharmaceutical Affairs Bureau Notifi cation No 
1339 (9 October 1980), provided that the generic 
name, brand name, indication(s) and/or manufac-
turing method are not disclosed prior to MAA and 
that statements are not misleading or manipulative to 
ensure correct usage. 
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 The MAH must apply for re - examination within 3 
months from the allotted date with all compulsory 
and accumulated data (Figure  27.5 ).      

  Clinical  t rial  s ystems 

  Clinical  t rial  e nvironment 
 Clinical development in Japan is often viewed as 
expensive and slow. Overall median time for NMEs 
from CTN to NDA fi ling has decreased from 79.6 
months (6.5 years) in 2000 to 53 months (4.4 years) 

  Re -  e xamination 
 Reconfi rmation of the clinical benefi t of the drug 
through effi cacy and safety data accumulated during 
the re - examination period of time after approval in 
compliance with GPSP or GVP. 

 The date of re - examination is allotted by the 
MHLW at the time of approval, but is designated as 
8 – 10 years for new drugs, 10 years for orphan drugs, 
6 years for combination drugs and new routes of 
administration, and 4 – 6 years for additional indica-
tions and new doses. This period is effectively what is 
considered the market exclusivity period in the West. 

     Figure 27.5     Post - Marketing Surveillance and re - examination system. ADR, adverse drug reaction; GCP, Good Clinical 

Practice; GPSP, Good Post - Marketing Study Practice; GVP, Good Vigilance Practice; MHLW, Ministry of Health, Labour and 

Welfare; PAFSC, Pharmaceutical and Food Sanitation Council; PMDA, Pharmaceuticals and Medical Devices Agency; WHO, 

World Health Organization.  (Reproduced from  [13,14]  with permission from the Japan Pharmaceutical Manufacturers 

Association.)   
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 The MHLW ’ s recognition of the signifi cance of 
MCCTs, the importance of Japanese participation 
to eradicate drug lag by increasing overall develop-
ment effi ciencies and the urgency to address its self -
 imposed infl exibility resulted in the 2007 publication 
of the PMDA ’ s  ‘ Basic Concepts for International Joint 
Clinical Trials ’ , in which restrictions on accepting 
clinical data from non - Japanese subjects are some-
what relaxed, although data on ethnic differences must 
still be analysed and submitted throughout develop-
ment with a strong recommendation to conduct early 
PK and pharmacodynamic (PD) studies in healthy 
Japanese volunteers to assess ethnic factors and 
ensure patient safety, while the PMDA now prioritises 
consultations on MCCTs. 

 Japanese inclusion in most pivotal phase II – III 
studies remains instrumental for Japanese registra-
tion. The key to success is good planning through 
inclusion of Japan from the point of establishing 
development strategies and good timing of the Japa-
nese phase II to enable participation in the phase 
II – III MCCT (Figure  27.6 ).   

in 2010, which consequently refl ects favourably on 
development costs  [15] . 

 While the number of domestic studies at phase 
II – III remains overwhelmingly high in NDAs, accep-
tance of foreign clinical data from 1998 has resulted 
in just under one - third of NDAs based on bridging 
strategy in 2010  [16] . 

 Many Japanese pharmaceutical companies still opt 
to develop their products fi rst in the USA or EU and 
bridge for approval in Japan, but with the advent of 
MCCT supported by the government, development 
strategies are becoming further diversifi ed as Japan 
undertakes to jump on the clinical trial globalisation 
bandwagon. 

  Global  d evelopment 
 Although simultaneous multinational development 
for simultaneous global registration is commonplace 
in the USA and EU, Japan has tended to be excluded 
from MCCTs conducted by foreign - affi liated compa-
nies due to additional regulatory requirements in 
Japan. 

     Figure 27.6     Example of Japan entry into a multinational cooperative clinical trial (MCCT). PD, pharmacodynamic; PK, 

pharmacokinetic; POC, proof of concept; POP, proof of principle.  
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Although Japan is still in the preparatory stages of 
clinical trial globalisation, there is no doubt that 
MCCTs will have an increasingly large role in clinical 
development in Japan over the coming years.  

  Bridging  s tudies 
  ‘ Ethnic Factors for Consideration in the Acceptance 
of Foreign Clinical Trial Data ’ , based on ICH - E5 effec-
tively enabled use of US and EU clinical data for 
Japan registration. Bridging has since become a 
popular mode of development. Many domestic 
companies initiate development abroad and fi le for 
approval in Japan utilising the bridging strategy. 

 The requirements for undertaking this strategy are 
to conduct a PK - PD study and a  ‘ bridging ’  dose –
 response study in ethnic Japanese subjects in a way 
that is comparable to the foreign data. If the PK 
profi le, safety and effi cacy data are shown to be 
similar, a Japan pivotal study may be forgone and 
results of the foreign phase III data be extrapolated 
for Japan registration.(Figure  27.7 ).     

 The percentage of ethnic Japanese subjects required 
in an MCCT is decided on a case - by - case basis to 
ensure appropriate numbers, balancing various fac-
tors such as the number of participating countries, 
the size of the study and target disease. Although 
Japanese data is still required by the PMDA, larger 
percentages of data from ethnically similar popula-
tions, such as Taiwanese and Korean, are being 
allowed. 

 As a consequence, the number of CTN for MCCTs 
submitted annually has been on the increase since 
2007. Most MCCTs are on oncology with approxi-
mately 10% accounting for non - oncology fi elds; 
these are mostly in phase III, but the number of phase 
I and proof of concept studies are gradually increas-
ing, indicating Japanese inclusion at development 
strategy stage. In 2010, MCCTs accounted for just 
over 21% of all CTNs  [17] . 

 For medical institutions and investigators taking 
on MCCTs, support is vital in overcoming the lan-
guage barrier and foreign regulatory requirements. 

     Figure 27.7     Illustration of a bridging strategy. PK, pharmacokinetic; MAA, Marketing Authorisation Application.  
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b.     Partial revisions as per MHLW Ordinance Nos 
127 (20 October 2000) and 114 (13 June 2008).    

7.     GMP: Investigational Product GMP  –  quality 
assurance by development stage: 

a.     ICH - Q7 Guidelines for Drug Substances, Noti-
fi cation No 1200 (2 November 2001);  
b.     PFSB Notifi cation No 0709002 (9 July 2008); 
and
c.     Q & A on manufacturing and quality control of 
the investigational new drug (IND), Administra-
tive Notifi cation (2 July 2009).    

8.     Acceptance of foreign clinical data in accordance 
with guidance, ICH - E5 (R1) Ethnic Factors in the 
Acceptability of Foreign Clinical Data: 

a.      ‘ Approach to Data Obtained in Foreign Clini-
cal Trials ’ , PMSB Notifi cation No 739 (11 August 
1998);  
b.      ‘ Ethnic Factors for Consideration in the Ac-
ceptance of Foreign Clinical Trial Data ’ , ELD/ 
PMSB Notifi cation No 672 (11 August 1998), par-
tially revised by Administrative Notifi cation (4 
January 1999) and associated Q & A (25 February 
2004 and 5 October 2005); and  
c.      ‘ Basic Concepts for International Joint Clinical 
Trials ’ , ELD/PAFSB Notifi cation No 0928010 (28 
September 2007).    

9.     Almost 40 guidelines have been issued by the 
PAFSB and PMSB, providing approaches to clinical 
trials and principles for evaluation, which should be 
consulted to ensure precise and objective analysis of 
clinical data.     

Introduction of  key roles
and responsibilities
The sponsor
 Protocols that clearly delineate study objectives, trial 
design, procedures, statistical analysis plan for end-
points (primary and surrogate) and monitoring are 
required. The sponsor must appoint a physician to act 
as medical advisor to provide apt advice for protocol 
writing as well as trial conduct. 

 For all new drugs, a CTN, written scientifi c ration-
ale for the proposed trial, the protocol, current inves-
tigator ’ s brochure, information provided to obtain 
informed consent and a consent form, case report 
form exhibits (unless the same information can be 
read from the protocol) and must be submitted per 
protocol to the PMDA, at least 31 days before the 
expected study start date stated in the contract 
between sponsor and institution participating in the 
study and 15 days prior to CTN submissions 
thereafter. 

Regulatory requirements  relating
to clinical trials
 All clinical trials in Japan are regulated by 1997 min-
isterial ordinance No 28, in accordance with ICH -
 GCP. Since PAL revision of 2002, investigator - led 
clinical trials are also subject to GCP adherence. As in 
the West, phase I consists of human pharmacology 
studies, phase II of therapeutic exploratory studies, 
phase III of therapeutic confi rmatory studies and 
phase IV of therapeutic use studies. 

 MAAs are submitted to the MHLW with non -
 clinical and clinical data showing effi cacy, safety and 
quality in compliance with ICH - GCP. Under PAL, 
collection and compilation of submission data must 
conform to standards stipulated in Article 14, Para-
graph 3. Related regulations issued by the HPB, 
stating standards to which clinical trials and data 
compilation must be adhered, include the following.
1.     GCP based on ICH  –  requirements relating to all 
aspects of a clinical trial, human rights of the subjects, 
safety, welfare and reliability of scientifi c quality and 
results of trials: 

a.     MHW Ordinance No 28 (27 March 1997); and  
b.     Partial revisions as per 106 (12 June 2003), 172 
(21 December 2004), 72 (31 March 2006) and 24 
(29 February 2008).    

2.     ICH E8  –  General Considerations for Clinical 
Trials: 

a.     ELD/PMSB Notifi cation No 380 (21 April 
1998) provides guidelines to ensure the protection 
of subjects, scientifi c approach to trial design and 
analysis and considerations for development 
planning.    

3.     ICH - E9  –  Statistical Considerations in the Design 
of Clinical Trials: 

a.     ELD/PMSB Notifi cation No 1047 (30 Novem-
ber 1998) on the application of appropriate statis-
tical principles in the study as part of overall drug 
development.    

4.     ICH - E2A  –  Clinical Safety Data Management 
Reporting of drug - induced severe ADR and infec-
tions that manifest during a trial to be reported in the 
form of 7 or 15 - day reports to the MHLW, investiga-
tors and sites, according to: 

a.     ELD Notifi cation No 227 (20 March 1995); and  
b.     PAL enforcement regulations (1997).    

5.     ICH - E3  –  Clinical Study Reports to be collated 
from the results upon completion or discontinuation 
of the trial: 

a.     ELD Notifi cation No 335 (1 May 1996).    
6.     GLP: Non - Clinical Studies on Drug Safety: 

a.     MHW Ordinance No 21 (26 March 1997); and  
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source to an external IRB, but that person may not sit 
on the IRB. The director is responsible for maintain-
ing IRB - related records for at least 3 years from trial 
completion. IRB - related information must be made 
publicly available to ensure transparency. 

 The director must establish a secretariat to under-
take trial - related administrative work, as well as 
cooperating with the sponsor as relates to monitoring 
and auditing. The site must compile standard operat-
ing procedures relating to acceptance, review and 
operational delivery of the clinical trial. The site may 
choose to engage a site management organisation to 
relieve the burden.  

Institutional review board 
 An IRB, consisting of at least fi ve members of whom 
a portion must contain independent persons not 
employed by the site, must be established to review 
ethical and scientifi c justifi cation of and ensure 
proper conduct of the trial. 

 It is not mandatory for an IRB to be established 
per site and institutions and companies, stipulated 
under GCP Article 27, respectively, may establish cen-
tralised IRBs.  

The investigator(s)
 The investigator(s) must have suffi cient clinical expe-
rience to conduct the trial, as the responsibility for 
appropriate patient selection, activities relating to 
informed consent, prior preparation for the occur-
rence of ADRs, accurate case report forms (CRFs) 
and immediate reporting of deaths resulting from 
ADRs to the director and sponsor falls on the shoul-
ders of the investigator. 

 An investigator is appointed for all trials. Almost 
all clinical trials are multicentred, as sites are small 
and patient recruitment challenging. In such cases, a 
coordinating investigator is appointed or a coordinat-
ing committee established to manage the sites.   

Clinical trial costs
 Due to increased effi ciencies, clinical trial costs have 
decreased substantially compared to a number of 
years ago, but the overall cost of development does 
not differ between MCCTs and multiple local trials, 
for while trial costs are lower for the former, the man-
agement cost is higher in the latter. In an effort to 
further reduce clinical trial costs, regulators are 
encouraging change from the current  ‘ advance 
payment from sponsors to sites, but no refund system ’  
to one that separates clinical trial costs into fi xed and 
variable  [18] .   

 The PMDA conducts a safety assurance review for 
the benefi t of trial subjects. If no comment is made 
before the expected study start date, the sponsor may 
proceed with contracting for the clinical trial. Notifi -
cations on changes to the clinical trial plan, discon-
tinuation or completion of the clinical trial must be 
submitted within the required time - frame for each 
CTN that has been accepted by the PMDA. 

 Site selection, procurement of an investigator 
to perform the trial, where applicable, the contract 
research organisation and related contracting, are the 
responsibility of the sponsor. 

 The sponsor is responsible for information about 
the trial for prospective subjects in order for the 
investigator to obtain their written informed consent 
should they decide to participate. The sponsor is 
required to have a compensation - and - indemnifi ca-
tion package in place in case subjects develop drug -
 induced damage to their health. 

 The sponsor is accountable for IND that must be 
manufactured in product GMP - compliant facilities 
and all related aspects such as maintenance of manu-
facturing and quality - related records, labelling and 
delivery to sites through to recovery of unused IND. 

 The sponsor must compile standard operating 
procedures and plans for monitoring and auditing. 

 Drug - induced severe ADRs and infections that 
manifest during a trial must be reported to the 
MHLW, investigators and sites in the form of 7 - day 
reports in cases of death or events that may result in 
death, or 15 - day reports in cases of an unexpected 
reaction resulting in the need for inpatient treatment, 
a serious medical condition, congenital disease, dis-
ability, possible disability or death, withdrawal or 
manufacturing discontinuation in a foreign market 
or publications of research indicating that the drug 
causes cancer or other serious diseases. 

 Upon completion or discontinuation of the trial, 
results must be collated in the form of a clinical study 
report and associated records must be preserved for 
the allocated time.  

The medical institution
 Institutions participating in a clinical trial must 
possess appropriate facilities and human resources to 
conduct the trial, as well as the ability to address any 
clinical emergency that may arise. The director of the 
institution contracts with the sponsor after the insti-
tutional review board (IRB) has approved the proto-
col and the PMDA has concluded its inspection. 

 The director may establish and manage an IRB 
within his or her institution or alternatively out-
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Conclusions

 It is a transitional time when both regulatory and 
clinical trial systems are undergoing much reform 
and modernisation in an effort to keep up with global 
evolution while maintaining the precarious balance 
between industry profi tability and keeping drug 
expenditures at a minimum. 

 The entire safety assurance, re - examination and 
post - marketing surveillance systems as well as exist-
ing regulations are under review, for another poten-
tial amendment of PAL in 2012, to further promote 
the eradication of drug lag, which refers to the time 
lag between drugs and indications approved overseas 
and Japan, and application lag, which is the time lag 
between MAA in Japan and in other countries, thus 
ensuring greater harmony with international stand-
ards based on ICH. 

 Despite talk of drug lag, Japan is enthusiastic about 
frontier technologies, such as next generation biolog-
ics, stem cell science, personalised medicine, biomar-
kers and molecular - targeted cancer therapy spaces. 
While Japan still exercises caution in terms of patient 
safety and privacy, effort is being made on all fronts 
and cooperatively between governments, industry 
and medical fi elds to bring forth cutting edge phar-
maceutical medicines. However, perhaps the next 
step is the realisation of a centralised Asian approval 
system.  
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Introduction 

 The evolution of the Australian regulatory frame-
work for the registration and reimbursement of 
therapeutic products contains many similarities to 
assessments made in other jurisdictions; however, 
there are some notable distinctions. The system 
described below identifi es many of those differences 
but it is worth noting that there is a rich policy envi-
ronment in Australia, subject to signifi cant political 
and community pressure and prone to change. 

 The legal requirements for the import, export, 
manufacture and supply of therapeutic goods in Aus-
tralia are defi ned in the Commonwealth Therapeutic 
Goods Act 1989 (the Act). The Act is supported by 
the Therapeutic Goods Regulations 1990, the Thera-
peutic Goods (Medical Devices) Regulations 2002, 
Therapeutic Goods (Charges) Act 1989, Therapeutic 
Goods (Charges) Regulations 1990 and a variety of 
other legislative instruments, Orders and determina-
tions. The aim of the legislation is to provide a 
national framework for the regulation and control in 
the supply of therapeutic goods in Australia to ensure 
acceptable standards of quality, safety, effi cacy and 
to provide timely availability. Access to therapeutic 
goods in Australia is further strengthened by the 
National Medicines Policy 2000 and provisions 
within the National Health Act 1953. 

 The Therapeutic Goods Administration (TGA), 
as a division of the Commonwealth Department of 
Health and Ageing, is responsible for administering 
the Therapeutic Goods Act. The TGA are themselves 
regulated by a large number of other Acts defi ning how 

they function, including the Financial Management 
and Accountabilty Act 1997 and the Public Service Act 
1997, amongst a host of others. 1  These Acts contribute 
to the TGA ’ s overall regulation of, and provision of 
information on, therapeutic goods in Australia. 

 The TGA, like many global medicines agencies, has 
an established risk management approach to the 
regulation of therapeutic goods. This is intended to 
ensure public health and safety while minimising 
regulatory burden and associated costs. There are a 
range of assessment and monitoring activities con-
ducted premarket and post - market to ensure that 
therapeutic goods available in Australia meet accept-
able standards:
    •      premarket quality, safety and effi cacy evaluation of 
registered medicines, and quality and safety assur-
ance of listed medicines intended for supply in 
Australia;  
   •      classifi cation of medical devices based on level of 
risk and assessing compliance with a set of essential 
principles for their quality, safety and performance;  
   •      licensing of manufacturers in accordance with 
international standards under Good Manufacturing 
Practice (GMP);  

 1      Including but not limited to: Administrative Appeals Tribu-

nal Act 1975; Administrative Decisions (Judicial Review) Act 

1997; Archives Act 1983; Copyright Act 1968; Crimes Act 

1914; Criminal Code Act 1995; Customs Act 1901; Electronic 

Transmissions Act 1999; Evidence Act 1995; Freedom of 

Information Act 1982; Ombudsman Act 1976; Patents Act 

1990; Privacy Act 1988; Trademarks Act 1995. 
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listed on the ARTG in exceptional circumstances and 
meeting specifi c criteria. 

 Prescription medicines are those considered as 
having a higher level of risk. They must be registered 
on the ARTG, and the degree of assessment and 
regulation they undergo is rigorous and detailed, 
with sponsors being required to provide comprehen-
sive safety, quality and effi cacy data. They contain 
ingredients included in Schedule 4 (prescription) or 
Schedule 8 (controlled drugs) of the SUSMP, or are 
specifi ed products such as sterile injectables. Biologic 
medicines fall into the same overall approach and are 
handled similarly. 

 Non - prescription medicines are those generally 
considered as having a lower level of risk than pre-
scription medicines. They still must be registered on 
the ARTG, but undergo a lesser degree of evaluation. 
They contain ingredients included in Schedule 2 
(pharmacy - only) or Schedule 3 (pharmacist - 
supervised supply) of the SUSMP. Non - prescription 
medicines are frequently termed over - the - counter 
(OTC) medicines, and include analgesics, cough and 
cold products, and sunscreens. 

 Complementary medicines (also known as  ‘ tradi-
tional ’  or  ‘ alternative ’  medicines) include vitamin, 
mineral, herbal, aromatherapy, homeopathic and 
anthroposophic products. They may be registered or 
listed on the ARTG depending on their ingredients 
and the claims made. Most complementary medi-
cines are listed. 

 All medicines supplied solely for export are listed 
(not registered) in the ARTG. 

 Biologicals are required to be approved for inclu-
sion on the ARTG if not exempt. The biologicals 
framework, introducd in 2011, defi nes biologicals as 
human cell -  and tissue - based therapeutic products. 
They are classifi ed according to the level of risk asso-
ciated with the product, which is determined by 
assessment of the methods, preparations and pro-
cesses required for manufacture or the intended use 
in relation to the usual biological function of the 
original biological material. The classifi cation will 
then determine the level of regulatory assessment 
required, which ranges from declarations of compli-
ance with agreed standards and manufacturing prin-
ciples (Classes 1 and 2) to evaluation of safety, quality 
and effi cacy and supporting data in addition to the 
declarations (Classes 3 and 4). Biologicals excludes 
biologic medicines which are handled similarly to 
other prescription medicines (see above). 

 Medical devices also are required to be included in 
the ARTG if not exempt. Medical devices are classifi ed 

   •      monitoring and assessment of post - marketing 
and pharmacovigilance activities, through sampling, 
adverse event reporting, surveillance procedures and 
response to public inquiries;  
   •      listing of medicines for export; and  
   •      development, maintenance and monitoring of the 
systems for the regulation of therapeutic goods.    

 The term  ‘ therapeutic goods ’  includes prescription 
medicines, non - prescription medicines, comple-
mentary medicines, medical devices and  ‘ other thera-
peutic goods ’ , including  in vitro  diagnostic devices 
(IVDs), blood, blood components and plasma deriva-
tives, tissues and cellular - based products and deriva-
tives, sterilants and disinfectants. The TGA further 
develops and implements national policies and con-
trols for chemicals and gene technology. The Thera-
peutic Goods Act 1989 also provides the framework 
for the States and Territories to adopt a uniform 
approach to the control and management of poisons 
in Australia. 

 Under the risk management approach, a product ’ s 
 ‘ risk ’  is determined by a number of factors, including 
whether:
    •      the medicine contains a substance scheduled in the 
Standard for the Uniform Scheduling of Medicines 
and Poisons (SUSMP), also referred to as the Poisons 
Standard 2011;  
   •      the medicine ’ s use can result in signifi cant side 
effects;  
   •      the medicine is used to treat life - threatening or very 
serious illnesses; and  
   •      there may be adverse effects from prolonged use or 
inappropriate self - medication.    

 The scheduling of medicines provides a national 
classifi cation for the handling of medicines and 
enables control of public access concordant with 
public health and safety needs. Until 2010 scheduling 
of medicines was regulated under State and Territory 
(henceforth referred to as State) legislation control-
ling access to medicines, but was coordinated at 
a national level to ensure uniformity except in ex -
ceptional circumstances. From 30 June 2010 the 
Secretary of the Department of Health and Ageing, 
or a delegate, is responsible for making scheduling 
decisions. 

 All therapeutic goods must be included as either 
 ‘ registered ’  or  ‘ listed ’  medicines, biologicals, medical 
devices or  ‘ other therapeutic goods ’  in the Australian 
Register of Therapeutic Goods (ARTG) before they 
may be supplied in, or exported from, Australia 
unless they are exempt under the legislation. The Act 
does allow for access to medicines not registered or 
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reforms that had been subject to consultations during 
the ANZTPA negotiations, as well as incorporating 
further changes to allow internal TGA structural and 
operational reorganisation and the introduction of 
the streamlined submission and business process 
reforms. Furthermore, in June 2011, the Australian 
government reached new agreement with the New 
Zealand government and announced that they would 
indeed proceed with the implementation of the 
trans - Tasman ANZTPA over the next 5 years with 
initial transitional phases commencing immediately 
in July 2011. 

 Additionally from 2010 to 2011 the TGA were 
subject to several major reviews of practice and effi -
ciencies: the Transparency review, the HTA review, 
the Working Party on Promotion of Therapeutic 
Products, consultation on the Advertising framework 
for Therapeutic Goods, the Auditor General ’ s report 
on the regulation of complementary medicines and 
an informal examination of complementary medi-
cines compliance, and consultation on the regulatory 
framework for medical devices. The resulting recom-
mendations have led to a public announcement from 
the Parliamentary Secretary for Health for a broad 
programme of further reform and the publication of 
A Blueprint for the TGA ’ s Future . Details of this  Blue-
print  and the reform ambitions are on the TGA 
website.  

History of prescription 
medicine regulation

Quality,  safety and effi cacy 
 The Commonwealth Department of Health was 
established in 1921, but most health - related activities 
at that time remained the responsibility of the States. 
Although the current title is the Department of 
Health and Ageing, the description has undergone 
frequent changes over time. Therefore, throughout 
this chapter the Department will be referred to as the 
Department of Health, and the relevant Common-
wealth Government minister will be called the Min-
ister for Health. 

 The Therapeutic Substances Act 1937 gave the 
Minister for Health power to control the import 
and export of substances declared to be therapeutic 
substances in the Commonwealth Gazette. The Ther-
apeutic Substances Act 1953 repealed the 1937 Act 
and gave the Commonwealth control of the import 
into Australia and interstate trading of therapeutic 
substances and controlled therapeutic substances 
(drugs of addiction). Controls were extended in 1959, 

based on intended use, level of risk, degree of inva-
siveness in the human body and duration of use. The 
classifi cation determines the conformity assessment 
procedures required based on demonstrated compli-
ance with relevant essential principles. Certifi cation 
by the TGA or an overseas notifi ed body is required 
for higher risk devices. 

 Widespread public availability of medicines, vac-
cines, devices, diagnostic tests and health services in 
Australia is further facilitated by government subsidy 
through the process of Health Technology Assessment 
(HTA). For a new medicine to obtain public subsidy 
for patients in the community, the sponsor must suc-
cessfully apply for the product to be included in 
the Pharmaceutical Benefi ts Scheme (PBS). Data are 
required on relative cost and effectiveness, and the 
scrutiny of this information according to prescribed 
criteria is described as the  ‘ fourth hurdle ’ , that is, in 
addition to quality, safety and effi cacy requirements 
that medicines must overcome to be readily available 
to the Australian public. Devices, IVDs and other serv-
ices must be included in the Medicare Benefi ts Scheme 
for subsidised access. HTA processes are also employed 
to determine public subsidy of those medical services, 
devices or technologies. Some medicines seeking PBS 
subsidy may be co - dependant on technologies also 
seeking Medicare Benefi ts Scheme subsidy. Coordina-
tion of HTA assessments for co - dependant technolo-
gies are in the process of being introduced. 

 In July 2007, after several years of consultation, the 
negotiations for the development of a joint therapeu-
tic products regulatory agency with the New Zealand 
government were postponed. Following a federal 
election in the same year, the newly elected Australian 
Labor Party, under Kevin Rudd, gave the TGA a 
mandate to introduce a range of long awaited regula-
tory reforms, based on the Australia New Zealand 
Therapeutic Products Agency (ANZTPA) negotia-
tions, in an Australia - only context. The TGA com-
menced the introduction of an ambitious reform 
programme. 

 Consequently, from 2007 to 2011 the TGA intro-
duced six Amendments to the Therapeutic Goods Act 
1989 to make this regulatory transformation possi-
ble.2  The amendments enabled the TGA to make 

 2      Therapeutic Goods Amendment (2011 Measures No. 1) Act 

2011; Therapeutic Goods Amendment (2010 Measures No. 

1) Act 2010; Therapeutic Goods Amendment (2009 Meas-

ures No. 3) Act 2010; Therapeutic Goods Amendment (2009 

Measures No. 2) Act 2009; Therapeutic Goods Amendment 

(2009 Measures No. 1) Act 2009; Therapeutic Goods Amend-

ment (Medical Devices and Other Measures) Act 2009. 
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and early phase II trials, and 80 working days for 
phase II and III trials; however, in practice it took an 
average of 10 – 11 months from submission of data to 
receipt of written approval. 

 To further encourage clinical trial activitiy in 
Australia, the clinical trial exemption (CTX) scheme 
was introduced in 1987. However, TGA restrictions 
required evaluation of all clinical trials of an active 
substance being conducted in Australia to be com-
pleted before the review of a general marketing appli-
cation relating to that substance. Additionally, the 
specifi ed data package included requirements unique 
to Australia. The result was that the 60 working day 
review period for CTX applications compared unfa-
vourably with a 35 calendar day review achieved 
under the UK CTX scheme. 

 Australia ’ s drug evaluation system was increasingly 
criticised because of the  ‘ drug lag ’  in availability of 
new and improved products in Australia, compared 
with other countries with well - regarded regulatory 
systems. Several government inquiries recommended 
streamlining and making better use of overseas 
experience. The pharmaceutical industry repeatedly 
expressed concern about the unique Australian 
requirements that had led to signifi cant delays in both 
the submission of applications and obtaining market-
ing approval; for example, requiring individual 
patient data (required in the USA but not in Europe) 
to be presented by parameter (uniquely to Australia) 
instead of by subject (as required in the USA). 

 By the late 1980s, it had become clear that reliance 
on a combination of Commonwealth and State legis-
lation was not achieving desired outcomes. There 
were increasing complaints of loopholes and lack of 
uniformity. 

 The Therapeutic Goods Act 1989 and Regulations 
came into effect on 15 February 1991, giving the 
Commonwealth clearly defi ned regulatory authority. 
It changed the focus of control over therapeutic 
goods from the point of importation to the point of 
supply of the goods. 

 The Act applies to:
    •      all corporations who supply or manufacture medi-
cines for supply (regardless of where) in Australia;  
   •      unincorporated parties who supply or manufacture 
medicines for supply in Australia outside their own 
state or territory;  
   •      all parties (whether incorporated or unincorpo-
rated) who supply medicines under the PBS; and  
   •      all parties (whether incorporated or unincorpo-
rated) who import or export medicines.    

 Supportive State legislation is required only to 
cover activities of persons within one State, and 

with the establishment of the National Biological 
Standards Laboratory, created to test therapeutic 
products imported into Australia or supplied under 
the PBS for compliance with quality and manu-
facturing standards, largely based on the British 
Pharmacopoeia. 

 In the wake of the thalidomide tragedy, the Aus-
tralian Drug Evaluation Committee (ADEC) was 
established in 1963 as a statutory committee to advise 
the government on the regulation of drugs intended 
for marketing in Australia. The adverse drug reaction 
(ADR) reporting scheme and the Adverse Drug Reac-
tions Advisory Committee were also introduced. Fur-
thermore, Commonwealth legislation was reviewed 
to give the Commonwealth powers to require com-
panies to submit specifi ed data to establish the 
quality, safety and effi cacy of imported therapeutic 
goods. The resultant Therapeutic Goods Act 1966 
provided the basis for the regulation of pharmaceu-
ticals in Australia for the next 20 years. 

 Guidelines for Preparing Applications for General 
Marketing of products or Clinical Investigational Use 
of a Therapeutic Substance (clinical trials) outlined 
information requirements for these applications. Pro-
vision was made for specifi c Australian standards to 
apply where appropriate. Some States had separate 
arrangements that covered the few locally manufac-
tured products sourced from local active ingredients, 
as the Commonwealth ’ s jurisdiction was limited to 
imports, exports and goods crossing State borders 
(although the last power was thought unlikely to 
sustain a prosecution if taken to court). 

 A code of GMP was introduced in the late 1960s, 
covering principles and practices to be followed in 
the manufacture of therapeutic goods in Australia. 
However, State legislation and personnel were relied 
upon for its enforcement. The Customs (Prohibited 
Imports) Regulations were amended in 1970 to 
enable the Department of Health to further control 
importation through import permits for drug 
products. 

 The drug evaluation guidelines (known from 1976 
as the NDF4 Guidelines) gradually became more 
detailed and were supplemented by appendices on 
specifi c issues such as bioavailability studies and 
bioequivalence. New rules were introduced to address 
agency concerns that companies might manipulate 
the system; for example, by seeking review of data 
contained in a clinical trial application for a product 
that was already the subject of a general marketing 
application, thereby achieving speedier evaluation. 
The clinical trial application scheme introduced in 
1983 aimed for 45 working days to approve phase I 



558 Chapter 28 

 Recommendations were also made to streamline 
the CTX scheme for clinical trials and continue the 
CTN scheme, with further assessment in the future. 
Professor Baume noted that, in 1990, the TGA process 
of evaluation of new chemical entities (NCEs) was 
taking approximately twice as long as its target time 
of 16.5 months. 

 Following the Baume Report, changes were made 
to the Therapeutic Goods Act and Regulations to 
introduce specifi c target evaluation times, together 
with a fee penalty of 25% if a decision on an applica-
tion was not made within the specifi ed period. 

 The statutory time - frames led to a major reorgani-
sation of TGA processes to focus on meeting them 
and complex measuring arrangements were intro-
duced to ensure that only  ‘ TGA working days ’  were 
included in the calculations. The clock was stopped 
whenever questions were raised with the product 
sponsor, and only restarted when no queries were 
outstanding. 

 New data requirements came into force from 1993 
that closely aligned Australian marketing applications 
with those in the European Community (EC).  The
Australian Guidelines for the Registration of Drugs  –  
Volume 1: Prescription and Other Specifi ed Drug 
Products  (AGRD1) specifi ed that the document to 
support a prescription drug registration application 
should be compiled in accordance with the current 
version of  The Rules Governing Medicinal Products in 
the European Community , Volumes II and III with 
Addenda and supplementary  Notes for Guidance  pub-
lished by the Committee for Proprietary Medicinal 
Products (CPMP), and also described specifi c admin-
istrative requirements for registration applications in 
Australia. 

 Information about the overseas status of the 
product was also now sought as part of an applica-
tion. The list of countries mentioned in this context 
in the AGRD1 included members of the Pharmaceu-
tical Evaluation Report scheme, other EC countries 
and the USA. Expert reports also began to be utilised 
in the evaluation of applications. 

 In June 2004, the Australian Regulatory Guidelines 
for Prescription Medicines (ARGPM) were issued by 
the TGA to replace the AGRD1. Under the ARGPM 
the format for registration applications in Australia is 
the Common Technical Document (CTD) developed 
through the International Conference on Harmoni-
sation (ICH). 

 On 31 December 2010, the ARTG included 12,935 
registered medicines (9719 of which were Schedule 4 
and 8 medicines), 11,510 listed medicines and 2876 

specifi ed areas (such as some aspects of labelling, 
pack aging, distribution and fair trade) that are the 
responsibility of State governments. 

 Fees and charges were also introduced; through the 
Therapeutic Goods Act 1989, the Therapeutic Goods 
(Charges) Act 1989, respectively, and associated Reg-
ulations, as part of this revised Commonwealth 
approach to therapeutic goods control. 

 Pressure increased for the TGA to  ‘ free up ’  the 
regulatory system for prescription medicines. In par-
ticular, the 1990 report by the Australian National 
Council on AIDS Working Party on the Availability 
of HIV/AIDS Treatments recommended that a noti-
fi cation scheme be introduced for clinical trials of 
unapproved products that had already been approved 
by respected agencies overseas. 

 In March 1991, the Commonwealth Government 
announced the introduction of an alternative clinical 
trial system. The clinical trial notifi cation (CTN) 
scheme was introduced in May 1991, following recog-
nition of the negative effects of discouraging trials of 
investigational drugs  –  on patients (who were unable 
to access possible treatments for potentially life -
 threatening illnesses) and on pharmaceutical industry 
investment in research and development (R & D) in 
Australia. The government also announced a major 
review of drug evaluation processes in Australia. 

 Professor Peter Baume ’ s report,  A Question of 
Balance: Report on the Future of Drug Evaluation in 
Australia   [1] , was released in July 1991, with a com-
mitment from the Commonwealth Government to 
speedily implement all 164 recommendations in the 
stated time - frames. Key aspects were:
    •      the retention of Australian sovereignty in deciding 
which drugs might be marketed in Australia;  
   •      recognition that considerable streamlining of drug 
evaluation procedures could be achieved;  
   •      acceptance that international harmonisation was a 
concept whose  ‘ time had come ’ , and that considerable 
benefi t could fl ow from improved cooperation with 
other comparable developed countries;  
   •      recognition that no drugs were totally risk free, and 
that the need for a system of controls relating to the 
quality, safety and effi cacy of therapeutic goods must 
be balanced against the more recently highlighted 
need for timely availability;  
   •      recommendations for reorganisation of the TGA 
and its advisory committees, with a new management 
plan and increased emphasis on performance; and  
   •      provision of a timeline for Australia to bring about 
the reform of its drug evaluation processes within the 
next 2 years.    
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 Escalation of costs led to multiple measures to 
limit the increase in PBS expenditure, including the 
introduction of an authority system for new drugs 
from 1988. Co - payments were eventually also intro-
duced for concessional patients  –  for disadvantaged 
patients in 1989 and for pensioners in 1990. Details 
of the early history of the PBS and the myriad of 
subsequent changes can be found in  A History of the 
Pharmaceutical Benefi ts Scheme 1947 – 1992   [2] . 

 Amendments to the National Health Act in 1987 
introduced the additional requirement for the PBAC 
to consider cost and effectiveness. Sponsors were 
encouraged to provide cost - effectiveness substantia-
tion from 1991, and from 1 January 1993 it became 
mandatory to include pharmaco - economic analyses 
in listing applications  –  the  ‘ fourth hurdle ’ . 

 In 1988, the Pharmaceutical Benefi ts Pricing 
Bureau was replaced by the (also non - statutory) 
Pharmaceutical Benefi ts Pricing Authority (PBPA). 
The PBPA was required to review the prices of items 
on the PBS and consider items recommended by the 
PBAC for listing, taking eight factors in account. 

 Factor (f)  –  the level of activity being undertaken 
by the company in Australia  –  was not to be consid-
ered in the price determination of each item, but 
through a separate allocation of funds to the compa-
nies that were successful in their proposals under the 
Pharmaceutical Industry Development Programme 
[the factor (f) programme]. 

 When the factor (f) programme concluded in 
1999, it was followed by the Pharmaceutical Industry 
Investment Programme. Both schemes were intended 
to partially compensate participating companies for 
the price suppression imposed by the government in 
exercising its monopsony purchasing powers under 
the PBS. The Pharmaceutical Industry Investment 
Programme funds of A$300 million over 5 years were 
awarded to nine companies who successfully applied 
for funding in return for increased R & D and/or pro-
duction value - adding activity in Australia. The Phar-
maceutical Industry Investment Programme was 
terminated in early 2004. 

 This programme was followed by the Pharma-
ceuticals Partnerships Programme, which provided 
A$150 million over 5 years from 1 July 2004 for suc-
cessful applicants, who received (initially) 30 cents 
(later 50 cents) for each additional dollar spent on 
eligible R & D activities. The Pharmaceuticals Partner-
ships Programme was not renewed at its conclusion 
in June 2009. Instead, in June 2008 the Minister for 
Innovation, Industry, Science and Research created 
the Pharmaceutical Industry Strategy Group tasked 

export - only medicines  –  a total of 27,321 medicines. 
It should be noted that this number refl ects the sepa-
rate inclusion of each strength, dosage form and 
brand as a distinct therapeutic item. There were also 
35,967 medical devices on the Register, including 111 
IVDs entered under the new IVD regulatory frame-
work introduced on 1 July 2010. 

 It is a requirement under the Act that a sponsor 
takes responsibility for each therapeutic item that is 
imported, exported, manufactured or supplied in or 
from Australia. The sponsor must be a corporation 
or person within Australia. Sponsors must be able to 
substantiate all claims made by them about their 
therapeutic products. On 31 December 2010, there 
were 3205 sponsors of therapeutic goods on the 
ARTG.  

Availability to the  community
 The authority for the Commonwealth Government 
to provide pharmaceutical benefi ts was introduced in 
the 1940s. Prior to that, except for the federal scheme 
covering war veterans, health care was the province 
of the States. 

 The Commonwealth National Health Act 1953 
(National Health Act), together with the National 
Health (Pharmaceutical Benefi ts) Regulations, intro-
duced the current framework for the operation of 
the PBS. 

 The Pharmaceutical Benefi ts Advisory Committee 
(PBAC) was established under Section 101 of the 
National Health Act, to give advice to the Minister 
for Health about products to be made available 
as pharmaceutical benefi ts. The Minister considers 
the PBAC advice but is not required to follow its 
recommendations. However, a product may not be 
included on the PBS without a positive recommenda-
tion from the PBAC. The initial criteria for inclusion 
of new products on the PBS were comparative safety 
and effi cacy, which has evolved over time and is 
discussed in the section on Listing medicines on 
the PBS. 

 Initially, 139  ‘ lifesaving and disease preventing 
drugs ’  were provided under the scheme without 
charge to pension recipients and their dependants. By 
1960 the scheme had expanded to include a wider 
range of drugs for supply to the general public with 
some co - payment. PBS listing continued to be based 
primarily on medical considerations. 

 A non - statutory body called the Pharmaceutical 
Benefi ts Pricing Bureau was established in 1963 
to make recommendations to government on the 
pricing of PBS - listed medicines. 
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seniors, repatriation health benefi ciaries) and 26 
million to general patients. In addition, about 68.2 
million prescriptions did not attract a subsidy  –  
50.2 million below the co - payment threshold and 18 
million  ‘ private ’  prescriptions (i.e. prescriptions for 
drugs not listed on the PBS or RPBS), for which the 
consumer pays the full cost of the medicine. Thus, 
74.4% of prescriptions were for items subsidised 
through the PBS and RPBS  [4] . 

 Eligibility for PBS products is restricted to Austral-
ian residents and visitors from those countries 
with which Australia has a reciprocal health care 
agreement  –  currently, the UK, the Republic of 
Ireland, New Zealand, Malta, Italy, Sweden, the Neth-
erlands, Belgium, Norway, Slovenia and Finland. 
Proof of eligibility by means of a Medicare card or 
passport is an absolute requirement for the subsidy 
to be applied. 

 The government introduced a series of pro-
grammes aimed at  ‘ preventing the unnecessary use of 
PBS subsidised medicines ’  and  ‘ reinforcing the com-
mitment to evidence - based medicine ’ . These included 
 ‘ a more detailed consideration process ’  for new PBS 
listings, ensuring greater compliance by doctors with 
PBS prescribing requirements, and the enhancement 
of PBS restrictions to reduce prescriptions supplied 
to individuals in breach of PBS conditions. The 
government also strengthened measures to reduce 
pharmacy fraud and further encourage the use of 
generics. 

 Major PBS reforms were introduced by legislative 
amendment in August 2007, to substantially reduce 
government expenditure on out of patent PBS listed 
drugs, while offering patented drugs some protection 
from price reductions. These reforms are discussed in 
more detail in the Listing of medicines in the PBS 
section. As at 1 November 2011, there were 890 drug 
substances on the PBS available in 2283 different 
forms and strengths across 2820 brands and 3559 
unique item codes.  

National Medicines Policy
 The Australian National Medicines Policy aims to 
establish an appropriate balance between health, eco-
nomic and industry objectives and has four central 
elements.
1.     Timely access to the medicines that Australians 
need, at a cost individuals and the community can 
afford.  
2.     Medicines meeting appropriate standards of 
quality, safety and effi cacy.  
3.     Quality use of medicines.  

with examining the drivers and barriers to attract -
ing new internationally competitive and sustainable 
manufacturing, R & D and clinical trials investment 
in the pharmaceuticals sector. The Pharmaceutical 
Industry Strategy Group ’ s fi nal report recommended 
that the government establish a strategic investment 
fund to provide government co - investment to 
support major strategic investment in pharmaceuti-
cals manufacturing and R & D infrastructure. The 
report also recommended that the government 
implement measures to improve Australia ’ s competi-
tiveness as a destination for global clinical trials. 

 In May 2009, the Australian Government further 
announced that it would replace the existing R & D tax 
concession system with a new R & D tax credit system. 
Under the new scheme, companies with an annual 
turnover of less than $20 million will be able to claim 
a 45% refundable tax credit on R & D expenditure (for 
the previous fi nancial year). In addition, companies 
with an annual turnover of more than $20 million 
will be able to claim a 40% non - refundable tax credit 
on R & D expenditure (for the previous fi nancial year) 
 [3] . The legislation enacting the R & D tax credit 
system was passed on 21 August 2011 and applies to 
eligible expenditure in income years from 1 July 2011. 

 In October 2009 the Ministers for Health and 
Innovation, Industry, Science and Research an -
nounced the extablishment of the Clinical Trials 
Action Group, whose purpose was to improve the 
attractiveness of the Australian environment for 
investment in clinical research. 

 The overwhelming importance of gaining PBS 
listing in order to achieve widespread availability and 
use of a prescription medicine in Australia is evident 
from information published by the Australian Insti-
tute of Health and Welfare. Government expenditure 
on pharmaceutical benefi ts in 2008 – 2009 amounted 
to 83.4% of the total cost of PBS prescriptions. 
The remainder was patient contributions which 
amounted to A$1,309 million. The majority of gov-
ernment expenditure on PBS prescriptions was 
directed towards concessional cardholders (A$5126 
million, 78% of the total). Government pharmaceuti-
cal benefi ts expenditure totalled A$6563 million. 

 The Australian Institute of Health and Welfare esti-
mated that total expenditure on prescription phar-
maceuticals in 2008 – 2009 was A$13,337 million. This 
included A$2382 million on drugs used by hospitals, 
comprising A$2168 million in public hospitals and 
A$214 million in private hospitals. During 2008 there 
were 193 million community PBS prescriptions  –  153 
million (86.5%) to concessional patients (pensioners, 
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 Under this rebalancing the evaluation fee for 
an NCE decreased from A$235,720 (before 1 July 
2003) to A$176,300 from 1 July 2008. The annual 
charges relating to maintaining each product on the 
ARTG increased during the same period to A$5250 
for a biological medicine and A$3140 for a non -
 biological. At 1 July 2011 the annual charges are 
A$5920 for a biological medicine and A$3550 for a 
non - biological. 

 An element of the TGA broad programme of busi-
ness processs reform in 2011 to streamline submis-
sion activities for prescription medicines included 
further restructuring of the fees model. The stream-
lined submission process established the need for an 
application fee to be payable separately to the evalu-
ation fee in accordance with the activities undertaken 
at these two entry points. As at 1 July 2011, the appli-
cation fee for a new chemical entity is A$39,800 and 
the evaluation fee is A$159,200. 

 There is an annual reassessment of fees and charges 
to make adjustments (as a minimum) in line with 
infl ation and to ensure that 100% cost recovery is 
maintained.  

Marketing applications for 
prescription  medicines
 Prescription medicines and certain other high - risk 
medicines, such as injections, are evaluated for inclu-
sion on the ARTG by the Offi ce of Medicines Author-
isation (OMA) within the Market Authorisation 
Group of the TGA. The types of medicines that are 
evaluated by the OMA are described in Schedule 10 
of the Therapeutic Goods Regulations. Usually, medi-
cines containing new active substances are evaluated 
by the OMA for inclusion on the ARTG as registrable 
goods. However, a sponsor can submit a justifi cation 
for an alternative route of evaluation of a new active 
substance by another branch of the TGA as a non -
 prescription medicine; for example, where there 
is experience with the active ingredient in non -
 prescription medicines in other countries. Guidelines 
for providing such a justifi cation are available at the 
TGA website ( www.tga.gov.au ).   

TGA registration 

Applications for registration 
 The sponsor of a therapeutic product is responsible 
for submitting an application to the TGA for registra-
tion of the goods and, once the goods are registered, 
for compliance with conditions of registration such 

4.     Maintaining a responsible and viable medicines 
industry.    
 Although these goals are not enshrined in legislation, 
they have become increasingly accepted by successive 
governments as a sound basis for informed policy 
decisions.  

Fees and  charges for  regulatory assessment
 The Therapeutic Goods Act 1989 and Therapeutic 
Goods (Charges) Act 1989, respectively, and associ-
ated regulations stipulate the fees and charges payable 
to TGA for processing applications, GMP inspections 
and annual licences. When fees and charges were fi rst 
introduced in 1991 they were intended to cover 50% 
of the costs attributable to the TGA ’ s responsibilities 
under the Therapeutic Goods Act, including those 
deemed to be  ‘ for the public good ’ . It took some time 
to reach those levels  –  in 1992 – 1993 only 28% of the 
TGA ’ s relevant costs were covered. 

 By July 1996 the 50% target was reached, and the 
Commonwealth Government announced that fees 
and charges would increase over the following 3 years 
to raise industry ’ s contribution to the government ’ s 
therapeutic goods programme from 50% to 75%. In 
1997 the government announced that the TGA would 
be required to recover 100% of its operating costs 
from 1998 – 1999. 

 In 2009 – 2010 the overall revenue raised by the 
TGA from fees and charges was A$103,981.71 million, 
of which the prescription medicines sector contrib-
uted approximately 50%. Fees apply to almost all 
evaluation activities undertaken by TGA  –  not only 
to the review of general marketing applications, but 
also to minor marketing - related matters, clinical trial 
applications and notifi cations, and GMP evaluations 
and inspections in Australia or overseas, but not 
specifi cally to risk management plan (RMP) and 
ADR assessments or special access scheme (SAS) 
applications. 

 In 2003 there was a major revision of the fees and 
charges structure for prescription medicines to sim-
plify the structure and to rebalance revenue by reduc-
ing fees obtained from premarket evaluations and 
increasing revenue from post - market activities to 
more closely refl ect the actual costs associated with 
the activities being undertaken. Under the revised 
structure, the evaluation fees were no longer based on 
the number of pages of data submitted. Instead, a 
single evaluation fee was charged for each type (cat-
egory) of application [e.g. new chemical (molecular) 
entity (NCE), extension of indications, new generic 
product]. 
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3 applications. Essentially, Category 1 applications 
include clinical, preclinical or bioequivalence data, 
such as applications to register a product containing 
a new active ingredient, a new generic product, a new 
strength, dosage form or route of administration or 
an extension of the indication.  
2.     Category 2 applications are those that include 
clinical, preclinical or bioequivalence data for which 
there are two completed evaluation reports from 
 ‘ acceptable countries ’ , where the submission is already 
approved. The evaluation reports must be independ-
ent (not based on each other) and the product must 
be identical in Australia and the  ‘ acceptable countries ’ , 
in respect to formulation, directions for use and indi-
cations. The countries identifi ed as  ‘ acceptable ’  for the 
purposes of providing evaluation reports are cur-
rently Canada, Sweden, the Netherlands, the UK and 
the USA. As the availability of evaluation reports 
would assist the TGA to evaluate an application, Cat-
egory 2 applications are subject to shorter legislated 
evaluation times. However, as most sponsors submit 
applications for registration in Australia at the same 
time, or shortly after, they are submitted in the 
 ‘ acceptable countries ’ , it is rare for two evaluation 
reports to be available to qualify for a Category 2 
application. Hence, almost no Category 2 applica-
tions are submitted.  
3.     Category 3 applications seek variation to the phar-
maceutical data of goods already included on the 
ARTG, and which do not need to be supported by 
clinical, preclinical or bioequivalence data. Examples 
of Category 3 applications include changes to the 
specifi cations of the active ingredient, change of shelf 
life or storage conditions, and change of trade name.    

 It is a condition of registration that, with limited 
exceptions, no variations may be made to registered 
goods without prior approval from the TGA. An 
exception is that some narrowly specifi ed changes to 
pharmaceutical and manufacturing aspects may be 
made without prior approval, as outlined in Appen-
dices 12 and 13 (for biological products) of the 
ARGPM. A number of general and specifi c condi-
tions must be complied with under the  ‘ self - assessable ’  
changes provisions. These are primarily the proper 
validation of the change and notifi cation of the 
change to the TGA.  

Evaluation time-frames 
 The Therapeutic Goods Regulations specify time -
 frames for completion of the evaluation for Category 
1, 2 and 3 applications in  ‘ working days ’ , excluding 
weekends and public holidays. 

as post - marketing pharmacovigilance and reporting 
of adverse drug reactions. 

 Australia has aligned its data requirements for the 
registration of prescription medicines with those of 
the European Union (EU). The ARGPM, and other 
guidelines, describe the administrative requirements 
and provide technical guidance complementary to 
EU technical guidance, relevant to applications for 
registration in Australia. An application dossier is 
required to be prepared in the CTD format for sub-
mission in Australia as in the EU. However, where 
registration is being sought for a new drug to treat 
a life - threatening illness or to treat a condition for 
which no satisfactory alternative therapy exists, the 
TGA will consider an application in either US or EU 
format. 

 The TGA accept dossiers in electronic format in 
addition to hard copy. Electronic dossiers are man-
dated for acceptance under the new TGA streamlined 
submission process although paper copies are also 
still required. The electronic dossier may be in 
electronic - CTD format (e - CTD) or in  ‘ non - e - CTD -
 electronic - submission ’  format. The industry is 
exploring measures to eliminate the requirement for 
paper copies of dossiers in Australia, as they are no 
longer required in the EU centralised procedure or in 
the USA. The TGA has been monitoring international 
developments in relation to applications in electronic 
formats and routinely adopts agreed international 
standards developed through the ICH process. The 
introduction of e - CTD evaluation capability is keenly 
anticipated. 

 There is a process for consultation with the phar-
maceutical industry on the adoption of each succes-
sive EU guideline in Australia. Australia has adopted 
the majority of guidelines published by the CPMP 
without amendment or with annotations where 
appropriate. Some European - specifi c guidelines that 
do not have context in Australia have not been 
adopted and may concern such issues as the content 
of the Australian product information (PI) docu-
ment. EU guidelines that have been adopted or not 
adopted in Australia are listed on the TGA website. 
Changes or additional comments on an EU guideline 
agreed between the industry and TGA are also pub-
lished on the TGA website.  

Categories of application for registration 
 There are three categories of applications relating to 
prescription medicines registration.
1.     Category 1 applications are defi ned as being those 
that do not meet the requirements of Category 2 or 
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The process is divided into eight phases with eight 
milestones and each milestone has a default time -
 frame attached; however, the total statutory time -
 frames remain unchanged. During the fi rst 12 months 
of the process the milestones are seen as  ‘ target ’  
time - frames. 

 Under the streamlined submission process the 
sponsor selects at the pre - submission phase the 
number of days (considered to be a reasonable time) 
required to provide a response to the TGA Section 31 
requests. The selection is limited to either 30 or 
60 days. In turn, the TGA have committed to pro-
viding a consolidated list of Section 31 questions at 
a predetermined time point during the evaluation 
phase (day 120) to facilitate sponsor planning for 
response. 

 The transition to the streamlined submission 
process has identifi ed some handicaps in meeting the 
target default time - frames and the TGA are working 
with Australian sponsors and the industry associa-
tions to resolve these diffi culties.  

Confi dentiality of  submissions
 Sponsors routinely require that data contained in 
their applications remain confi dential. If another 
party requests access to such data under the provi-
sions of the Commonwealth Freedom of Information 
Act 1982, the Department of Health will consult with 
the sponsor to establish whether release of the infor-
mation is possible, and enable the sponsor to request 
a review by the Administrative Appeals Tribunal 
of any decision made by the TGA to release the 
information. Changes to the Australian Freedom 
of Information Act in 2010 have created a pro -
 disclosure environment and the TGA are committed 
to providing clear guidance on what constitutes 
commercial - in - confi dence information following a 
comprehensive review of their transparency practices 
(see  ‘ Transparency ’ ). 

 The TGA will not comply with demands for under-
takings of confi dentiality that seek to limit the lawful 
use or release of information by the TGA. The TGA 
will not accept confi dentiality statements from spon-
sors that seek to prohibit the evaluator ’ s access to 
departmental records of prior applications, and the 
accumulated knowledge and experience gained from 
the evaluation of previous applications.  

Data protection 
 In 1998 an amendment to the Act was enacted intro-
ducing provisions of data exclusivity. Under Section 
25A, the TGA must not use  ‘ protected information ’  

 Category 1 applications are required to be:
    •      accepted for evaluation, or rejected, in 40 working 
days from receipt of the application and the applica-
tion fee; and  
   •      evaluated within 255 working days from the date of 
acceptance.    

 Category 2 applications are required to be:
    •      accepted for evaluation, or rejected, in 20 working 
days from receipt of the application and the applica-
tion fee; and  
   •      evaluated in 175 working days from the date of 
acceptance.    

 Category 3 applications are required to be:
    •      approved or rejected or to have an objection raised 
within 45 working days of receipt of the application, 
or payment of the evaluation fee, whichever is the 
later day.    

 There is no application acceptance period. If an 
objection to the application is raised, the applicant 
may respond and provide further information or 
data. A further 30 working days from receipt of this 
response is then allowed for consideration of the 
response before the application must be approved or 
rejected. 

 Under Section 31 of the Therapeutic Goods Act, 
the TGA may request a sponsor to provide additional 
information or may seek clarifi cation of information 
provided in a submission. The legislation requires 
that the sponsor is provided a reasonable time to 
supply this information. 

 Fee penalties apply if the statutory evaluation 
period is not met. The legislated evaluation times do 
not incorporate the time taken for initial acceptance 
or rejection of an application at pre - submission or 
the time taken by the sponsor to respond to TGA 
Section 31 requests. They apply to each application as 
an absolute criterion, not as an average performance 
target. The TGA has almost invariably met the total 
legislated time - frames. 

 On 1 November 2010 the TGA introduced a 
streamlined submission process, under their pro-
gramme of Business Process Reform (BPR), for Cat-
egory 1 and 2 prescription medicines applications 
requiring evaluation of clinical, non - clinical and/or 
bioequivalence data. The purpose of the streamlined 
process was to replace the application entry stage with 
a pre - submission planning phase during which time 
the TGA could conduct workforce planning and 
resource allocation to enable predictable time - frames 
for the subsequent evaluation and decision - making 
phases. The process is now characterised by a number 
of milestones to be achieved in a sequential manner. 
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 Also, whereas the US Orphan Drug Program offers 
several incentives to sponsors to bring drugs to treat 
rare diseases to market, such as a period of market 
exclusivity, tax credits for clinical research costs, clini-
cal research grants and waiver of FDA evaluation fees, 
the Australian programme offers a 100% reduction 
of the evaluation fee for a designated orphan drug but 
no research incentives. The TGA guideline does state 
that an orphan drug will be granted 5 years ’  market 
exclusivity, which can be shared by a clinically supe-
rior product, but this exclusivity is not supported by 
any legislation. 

 In December 2001, a review of the Orphan Drug 
Program found that sponsors had lodged applica-
tions for marketing approval for 33 of the 42 drugs 
designated as orphan at the time, and 17 of 20 that 
had reached their conclusion were approved. Seven of 
these had been successful in obtaining government 
funding, as highly specialised drugs or under the life -
 saving drugs programme. Three drugs had been con-
sidered and rejected by the PBAC on the grounds of 
unacceptable cost - effectiveness. 

 The 2001 review found that there have been few 
opportunities for the TGA to utilise a review by 
the FDA. Of 215 orphan drugs granted marketing 
approval in the USA, only 63 had not already been 
approved for marketing in Australia or did not have 
an equivalent in Australia. Of these, the review stated 
that not more than a dozen would represent a signifi -
cant gap in what has been approved for marketing 
in Australia, and most of these would fall into 
the category of  ‘ like to have ’  rather than  ‘ need to 
have because there is no alternative ’ . The review 
recommended a number of changes to the Aus -
tralian Orphan Drug Program, primarily focusing 
on increasing the incentives for sponsors to bring 
orphan drugs to market by offering greater surety of 
obtaining public subsidy under the PBS. As at Sep-
tember 2011, the review recommendations have not 
been implemented. At September 2011, 214 drugs 
have orphan designation and 112 are approved for 
registration.  

Priority evaluations
 Under the existing regulatory guidelines the OMA 
may allocate priority evaluation to applications for 
registration of important new medicines. The current 
criteria for priority evaluation are:
    •      the active ingredient is a new chemical entity;  
   •      the drug is indicated for the treatment or diagnosis 
of a serious, life - threatening or severely debilitating 
disease or condition; and  

about other therapeutic goods when evaluating ther-
apeutic goods for registration. Protected information 
is information about a new active ingredient that is 
not available to the public, that is lodged with an 
application to register goods containing the new 
active ingredient, where that application has led to 
registration of the goods. A new active ingredient is 
defi ned as one that is not currently, and has never 
been, contained in goods included in the ARTG. Such 
information is protected for 5 years from the date of 
registration of the goods containing the new active 
ingredient. Thus, products containing new active 
ingredients are given 5 years ’  data exclusivity. 

 At the time the data protection amendments were 
being discussed, the pharmaceutical industry sought 
to extend the provisions to protect data relating to 
new indications, new dosage forms or routes of 
administration, but was unsuccessful. The industry 
association, Medicines Australia, has reactivated its 
advocacy to the government to increase the term of 
data protection and extend the range of data pro-
tected, in light of international practice and new ini-
tiatives to encourage innovation in Australia. However, 
at this point no changes have been foreshadowed. 
Indeed, a recent Federal Court ruling has emphasised 
that data protection does not automatically apply 
to the entire registration package  –  the information 
claimed to be subject to the protection has to be ade-
quately identifi ed and justifi ed as confi dential. 

 A sponsor of a generic unpatented product may 
avoid the need for TGA to refer to protected informa-
tion by submitting a full Category 1 application for 
registration, including preclinical and clinical data.  

Orphan  Drug Program 
 The Australian Orphan Drug Program was intro-
duced in 1998. Through a cooperative arrangement 
with the US Food and Drug Administration (FDA), 
it intended to improve access to treatments for rare 
diseases in Australia by utilising US orphan drug 
evaluations as the basis for Australian approvals 
where possible. It also waived evaluation fees for new 
medicines or indications designated as  ‘ orphan ’ . 

 In order to be designated as an orphan drug in Aus-
tralia, the prevalence of the disease to be treated is 
required to be equal to or less than 2000 affected indi-
viduals or, if the drug is a vaccine or IVD, the persons 
to whom the drug will be administered in Australia are 
equal to or less than 2000 per year. The prevalence 
limit in Australia is considerably lower than other 
countries ’  orphan drug programmes, both in absolute 
terms and as a proportion of the population. 
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 The TGA does not automatically accept GMP cer-
tifi cation from PIC/S member countries or the FDA, 
although there is an agreement in place with the FDA 
that provides for the exchange of information in rela-
tion to manufacturers for regulatory purposes. Other 
international agreements for the sharing of informa-
tion are in place with the European Directorate for 
the Quality of Medicines in relation to manufactur-
ing information for APIs and excipients used in 
the manufacture of therapeutic goods, New Zealand: 
Medsafe, and Switzerland ’ s Swiss Confederation 
regarding Therapeutic Products.  

The evaluation process 
 Details of requirements for the registration of pre-
scription medicines are available on the TGA website 
through the ARGPM and other supporting guide-
lines. Submissions to register new prescription medi-
cines in Australia undergo a three - stage process 
of evaluation by the OMA: application acceptance, 
evaluation (including advisory committee advice) 
and decision. These three stages are comprised of a 
number of activity based milestones. 

 Prior to submitting an application for registration 
a sponsor may request pre - submission meeting(s) 
with TGA delegates to discuss the application. Pre -
 submission meetings are strongly recommended for 
complex applications, where there is any uncertainty 
as to whether the data package will meet all Australian 
regulatory requirements, and for orphan drugs and 
literature - based submissions. 

 In 2007, following the postponement of the 
ANZTPA negotiations, the TGA embarked on an 
ambitious programme of reform to progress changes 
in the legislation and the business practices of the 
TGA in an Australia - only context. In parallel, there 
have been widespread reforms to the PBS. As part of 
the introduction of the PBS reforms the Access to 
Medicines Working Group (AMWG) was convened 
to provide strategic interaction between government 
and industry on pharmaceutical policy; to ensure a 
sustainable subsidisation scheme can be maintained 
and timely access to medicines can continue to 
improve. These goals were enhanced by the TGA 
objectives to streamline submission and evaluation 
processes for predictable and timely registration 
times. 

 Following 2 years of development, on 1 November 
2010 the TGA formally introduced the streamlined 
submission process as part of their BPR programme. 
The initial 12 months were established as a transition 
phase, during which time  ‘ teething problems ’  could be 

   •      there is clinical evidence that the drug may provide 
an important therapeutic gain.    
 Priority evaluation status does not guarantee a 
shorter evaluation period. Under the new streamlined 
submission and evaluation process the TGA antici-
pate all evaluations being conducted in as short a 
time - frame as possible and therefore they do not 
anticipate the need to retain priority evaluation status 
in the future.  

Good Manufacturing Practice 
 It is a requirement of the Therapeutic Goods Act that 
all steps in the manufacture of a prescription medi-
cine, including the manufacture of bulk active drugs 
and fi nished pharmaceutical products, are performed 
in manufacturing facilities of acceptable standards. 
An updated list of manufacturing principles estab-
lished under the Therapeutic Goods Act is available 
from the TGA website. 

 In July 2009, the PIC/S Guide to Good Manufac-
turing Practice  –  15 January 2009, PE 009 - 8, was 
adopted by the Therapeutic Goods (Manufacturing 
Principles) Determination No. 1 of 2009 to be the 
Australian Code of GMP. Manufacturing sites within 
Australia must comply with the Code (excluding 
annexes 4, 5 and 14, which were not adopted). 

 The TGA Offi ce of Manufacturing Quality con-
ducts regular inspections of Australian manufactur-
ing operations to ensure compliance with the code of 
GMP. Following the major recall of a contract manu-
facturer ’ s wide range of products in 2003, scrutiny 
intensifi ed, including unannounced inspections. 

 The standard of any steps of manufacture and 
quality control conducted outside Australia must 
also be shown to be acceptable for the inclusion 
of therapeutic goods on the ARTG. The TGA will 
accept certifi cates of GMP compliance issued under 
the provisions of a Mutual Recognition Agreement 
(MRA) where the manufacturer is located in the 
same country as a regulator that is a recognised par-
ticipant in the MRA. Audits and GMP certifi cation 
for manufacturers in third countries are no longer 
automatically accepted because they may not include 
all aspects of the manufacture of medicines for 
supply to Australia. The countries currently included 
through an MRA are EC and European Free Trade 
Association countries, Canada (except for comple-
mentary medicines), Singapore and Switzerland, as 
specifi ed in the in the TGA document  Guidance on 
the GMP Clearance of Overseas Medicine Manufactur-
ers , 17th edition, May 2011. 
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 If a sponsor considers that a Section 31 request is 
unreasonable they can discuss this with the delegate 
who issued the request. If the sponsor is unable 
to resolve the matter with the delegate, they may 
seek review under an additional, non - statutory 
appeal mechanism by a three - member Standing 
Arbitration Committee or the Pharmaceutical Sub - 
Committee. 

 At the conclusion of the second round of evalua-
tion of the responses to Section 31 questions, an 
evaluation report is prepared for each module. The 
evaluation reports are sent to the sponsor to allow 
comments to the delegate. Once the evaluation 
reports are fi nalised, the delegate reviews the content 
and prepares an overview of the evaluation with a 
proposed decision for consideration by the Advisory 
Committee on Prescription Medicines (ACPM), 
which are also provided to the sponsor. The sponsor 
has 10 working days from receipt of the delegate ’ s 
overview to submit a concise response to any issues 
highlighted, which will also be provided to the ACPM 
for consideration.  

Submission of new data
 Prior to the streamlined submission process and BPR 
two classes of new data were permitted after an appli-
cation had been accepted: additional data and sup-
plementary data.
1.     Additional data are identifi ed prior to submis -
sion and that the TGA agrees to accept during the 
course of the evaluation at a predetermined date; 
such as anticipated results from an ongoing clinical 
study.  
2.     Supplementary data are clinical or preclinical 
data proffered by the sponsor following submission 
and after the Module 4 and Module 5 evaluation 
reports have highlighted issues identifi ed from the 
evaluations.    

 During the BPR it was determined that the ability 
to assess and evaluate additional or supplementary 
data was not possible if the TGA were required 
to meet predictable fi xed time - frames and that the 
second round evaluation period was insuffi cient time 
to evaluate new data. Therefore, under revised legisa-
tion and the BPR, the TGA will no longer accept 
additional or supplementary data.  

Advisory Committee on 
Prescription  Medicines
 The ACPM, formed in January 2010, succeeds ADEC, 
which was in existence from 1963. The ACPM pro-
vides advice and makes recommendations to the 

identifi ed and solutions sought. The statutory time -
 frames in the Therapeutic Goods Act 1989 remain 
unchanged in the initial period; however, the new 
process defi nes a series of predictable milestones 
and incorporates a pre - submission planning phase. 
Details and illustrative representation of the process 
are available on the TGA website and are subject to 
review at the end of the transition period and ongoing. 

 During the pre - submission planning phase a pre -
 submission planning form is scrutinised for accep-
tance by the OMA. Although primarily intended to 
be an administrative check that the application is in 
the required format, the three main modules (quality, 
non - clinical and clinical data) are briefl y reviewed by 
the relevant evaluation sections to ensure that there 
are no major omissions of mandatory data and that 
justifi cations are scientifi cally robust. 

 Once an application has been accepted for evalua-
tion, the Offi ce of Scientifi c Evaluation, including the 
Pharmaceutical Chemistry, Toxicology Sections and 
the Clinical Evaluation Units evaluate the Module 3, 
4 and 5 data, respectively. For applications relating 
to products of biological origin, Module 3 data, such 
as laboratory methodology, method validation and 
shelf - life, is also evaluated by the Offi ce of Laborato-
ries and Scientifi c Services. 

 There are fi ve clinical evaluation units within 
OMA responsible for the evaluation of prescription 
medicines based on therapeutic areas. The units are 
lead by senior medical offi cers and supported by a 
number of medical offi cers and pharmacists. The 
TGA also relies on a signifi cant quantity of contracted 
external evaluators to complete the volume of clinical 
and non - clinical evaluation work received. The head 
of each clinical evaluation unit is responsible for 
making the fi nal decision on marketing approval as a 
delegate of the Secretary under the Act. 

 Evaluators may request additional information 
or clarifi cation from the sponsor under Section 31 of 
the Act. Under the streamlined submission processes 
the TGA have committed to provide a consolidated 
list of Section 31 questions as a milestone on comple-
tion of the fi rst round of evaluation. During the 
period from issuing a Section 31 letter and receipt 
of responses to all questions, the clock is stopped 
and the elapsed time is not counted towards the 
TGA ’ s statutory evaluation time - frames. A sponsor is 
required to nominate, at the pre - submission planning 
phase, the time - frame in which the consolidated 
Section 31 requests will be answered in order to meet 
the default time - frames; the sponsor may elect to 
respond in either 30 or 60 days. 
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 In 2005, the TGA conducted a review to examine 
whether workfl ow practices within the Drug Safety 
and Evaluation Branch (now called the OMA) could 
be improved, with the intention to align with best 
practice and international standards, including 
greater transparency of prescription medicine evalu-
ation. The review report is available from the TGA 
website. 

 The recommendations from the review were also 
under consideration as part of the establishment of 
the ANZTPA negotiations and many are being imple-
mented by the streamlined submission and BPR 
process. One recommendation from the review was 
for consideration be given to enabling sponsors to 
respond to questions that might arise about an appli-
cation during ACPM consideration; that is to attend 
the relevant part of the ACPM meeting. Implementa-
tion of this proposal has been halted by the extensive 
reform agenda. However, sponsors are keen for this 
not to be forgotten. It is proposed that sponsors 
would have the opportunity to make a short presenta-
tion to ACPM about key issues and directly respond 
to ACPM questions. This would be limited to applica-
tions where there are clearly contentious issues or the 
recommendation for rejection or approval is border-
line. It is not intended that sponsors would appear 
before the ACPM for applications where the evalua-
tion reports and delegate ’ s recommendation are 
clearly in favour of approval.  

Post -ACPM  and the  delegate’s decision
 Following consideration by ACPM, if the delegate 
proposes to approve the application, he or she will 
communicate with the sponsor to address any out-
standing issues, and the fi nal PI will be negotiated. 
Once all outstanding matters are resolved, a market-
ing approval letter is issued by the delegate, which 
states the conditions of registration, together with the 
approved PI. A certifi cate of registration is also issued 
detailing the information included on the ARTG. The 
annual registration charge is payable following the 
registration. 

 If the delegate proposes to reject the application, a 
letter is sent to the sponsor advising of this intent, 
giving the reasons for the decision. A sponsor may 
appeal the initial decision of the delegate.  

Australian  Public Assessment Report
 The workfl ow practices review also recommended 
improved transparency through the publication of 
a summary of the TGA delegate ’ s decision and the 
rationale for the decision, excluding any reference to 

TGA, the Minister or the Secretary on prescription 
medicines or on any other matters referred to it by 
the Minister or the Secretary. The ACPM may also 
give advice to the Minister or Secretary in relation to 
the import, export, manufacture and distribution of 
therapeutic goods. It is important to note that the 
ACPM has an advisory function and is not the 
decision - maker. The TGA delegate is guided by 
ACPM ’ s advice but may make decisions contrary to 
ACPM ’ s recommendations. 

 The ACPM has up to 25 members comprised 
of eminent practising physicians, pharmaceutical 
scientists and pharmacologists with expertise to be 
drawn on as appropriate to the applications under 
consideration at a particular meeting. ACPM 
members adhere to strict guidelines on competing 
interests, which effectively exclude a member from 
proceedings if they have any pecuniary interest in a 
phar maceutical company whose product is under 
consideration or in any competitor company. Par-
ticipation in company - sponsored clinical trials must 
also be declared, but does not necessarily exclude 
the member from proceedings. The TGA advisory 
committee guidelines,  ‘ Declarations of interest, man-
aging confl icts of interest and confi dentiality obliga-
tions ’ , are available from the TGA website. ACPM is 
supported by specialist subcommittees, which cur-
rently include the Pharmaceutical Sub - Committee 
and the Advisory Committee on the Safety of 
Medicines. 

 The ACPM meets every 2 months, from February 
to December, with provision for extraordinary meet-
ings in the intervening months if required. For each 
application where ACPM advice has been sought by 
the delegate, the committee receives the sponsor ’ s 
covering letter, all evaluation reports, the delegate ’ s 
overview and proposed decision, and the sponsor ’ s 
pre - ACPM response. The ACPM will make recom-
mendations to the delegate on the issues it has been 
asked for advice. This recommendation, termed an 
ACPM resolution, is sent to the sponsor 5 working 
days after the ACPM meeting. Ratifi ed minutes of the 
meeting in which the resolution is made are available 
only after the next ACPM meeting. The consideration 
and recommendations made by ACPM are included 
in the subsequent Australian Public Assessment 
Report (AusPAR). The ACPM minutes are also pro-
vided to a number of overseas regulatory agencies. 

 Not all prescription medicine applications are 
referred to the ACPM. Category 3 applications and 
Category 1 applications other than new medicines 
may be dealt with entirely by the OMA. 
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ACPM meeting, taking into account ACPM recom-
mendations. Once approved by the delegate, the 
sponsor may not change any aspect of the PI without 
prior approval from the TGA, except in specifi c cir-
cumstances. Unlike the Summary of Product Charac-
teristics, the PI is not subject to 5 - yearly review, 
although this has been proposed. 

 Safety - related changes to the PI also require TGA 
approval although these decisions are expedited to 
enable prompt changes, for example to reduce the 
patient population or add a warning, precaution, 
contraindication or adverse event. The date of each 
safety - related change must be listed in the PI in addi-
tion to the TGA approval date. 

 Non - safety - related changes to the PI may only be 
made by the sponsor without approval if they are 
minor editorial matters such as changes to headings 
or relocation of text or a change consequent to self -
 assessable change made in accordance with ARGPM. 
These changes must be notifi ed to TGA within 5 
working days. 

 For PI changes that require approval, OMA accepts 
three main types of submission:
1.     conventional submissions, containing full study 
reports of clinical trials;  
2.     literature - based submissions; or  
3.     hybrid submissions, comprising a mix of conven-
tional and literature - based data.    
 The type of submission considered by OMA to be 
appropriate for a PI update depends on the regulatory 
and clinical history of the drug in Australia and over-
seas, with special reference to the UK, USA, Sweden, 
Canada and the Netherlands. Submissions based 
on company - sponsored clinical trials are usually 
required for drugs marketed for less than 5 years, 
whereas any of the three types of submission can be 
used for drugs marketed for more than 10 years. 
Drugs marketed between 5 and 10 years will be con-
sidered on a case - by - case basis, but it is generally 
expected that either a conventional or hybrid submis-
sion will be submitted. 

 Published non - clinical (Module 4) and clinical 
(Module 5) data may be used for either a literature -
 based submission or as the literature - based compo-
nent of a hybrid submission. However, published 
reports rarely include suffi cient validation infor-
mation for pharmaceutical chemistry (Module 3) 
data to be accepted in the form of published litera-
ture. Conventional Module 3 data may accompany 
literature - based Module 4 and/or Module 5 data. Full 
guidelines on the preparation of literature - based sub-
missions are available from the TGA website. 

confi dential commercial information. Since October 
2009 an AusPAR, modelled on the European Public 
Assessment Report, has been prepared for all NCEs 
and Extensions of Indications. The AusPAR is derived 
from the evaluation reports and the ACPM consid-
eration. The initial draft of the AusPAR is created 
immediately prior to the ACPM meeting at which the 
product is considered although the AusPAR itself is 
not reviewed by ACPM. The AusPAR is fi nalised post -
 ACPM incorporating the committee ’ s considerations, 
the delegate ’ s decision and rationale, and agreed 
between TGA and the sponsor. The fi nal AusPAR 
is published on the TGA website within 1 month of 
registration.  

Appeals against marketing
application decisions
 Under Section 60 of the Act, appeal mechanisms are 
available to sponsor companies to challenge decisions 
made by offi cers of the TGA. Eligible appeals are 
defi ned in the Act. 

 The decision of the Secretary or delegate is called 
an initial decision. If the sponsor wishes to appeal an 
initial decision, it must do so within 90 calendar days 
of receiving advice of that decision. The appeal of the 
initial decision is directed to the Minister, who gener-
ally appoints the TGA principal medical adviser to act 
as a delegate in considering that appeal, and the deci-
sion on the appeal must be issued within 60 days. The 
outcome of this stage is called a reviewable decision. 
Reviewable decisions are so - called because they may 
be appealed through the Administrative Appeals Tri-
bunal within 28 calendar days of receiving advice of 
the Minister ’ s decision. 

 Restrictions have been added over the years that 
strictly delineate the information that may be consid-
ered and the grounds for a successful appeal by this 
route. Although this process has led to a tribunal 
hearing only a few times since 1991, it has been suc-
cessfully used by sponsors on a more regular basis to 
challenge TGA decisions and negotiate a satisfactory 
outcome.  

Product  information
 The PI is the summary of the outcomes of the evalu-
ation for registration, in the same way as the Summary 
of Product Characteristics forms the basis for pre-
scribing in the EU. It is intended to provide appropri-
ate information to health professionals for the safe 
and effective use of the product, and is negotiated 
between the delegate and sponsor following the 
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been developed for electronic distribution of CMIs, 
so that they may be printed by doctors and pharma-
cists from their computer software. CMI, where avail-
able, are required to be published on the TGA website.  

Post -marketing pharmacovigilance
 The standard conditions of registration require the 
sponsor to inform the TGA of any ADRs and safety 
alerts related to their product of which they become 
aware. The requirements for reporting ADRs to pre-
scription medicines occurring in Australia or over-
seas are described in the Australian Pharmacovigilance 
Guideline, which is available on the TGA website. 

 For spontaneous reports of reactions occurring 
in Australia, serious reactions (whether expected or 
unexpected) should be reported immediately and in 
no case later than 15 calendar days of receipt of the 
report. Other reactions occurring in Australia should 
be reported on request or as line listings in a Periodic 
Safety Update Report (PSUR). Reports of reactions 
occurring in other countries are not required to be 
routinely submitted to TGA. However, any signifi cant 
safety issue or action that has arisen from an analysis 
of foreign reports, or has been taken by a foreign 
regulatory agency, must be reported to the TGA 
within 72 hours. 

 Australia has harmonised its requirements for 
post - marketing reports with those of the CPMP/ICH 
Guideline on Periodic Safety Update Reports (CPMP/
ICH/228/95). The timing and frequency of provision 
of PSURs has also been harmonised with the CPMP/
ICH requirements. Thus, an Australian sponsor 
may submit PSURs prepared to meet international 
regulatory requirements to the TGA. Post - marketing 
reports must be provided annually until the period 
covered by such reports is not less than 3 years from 
the date of the Australian marketing approval letter. 
No fewer than three annual reports are required: if a 
PSUR is not available, the Australian sponsor must 
prepare a post - marketing report. 

 Another condition of registration is that a product 
recall (or similar regulatory action) in any other 
country, which has relevance to the quality, safety and 
effi cacy of the goods to be distributed in Australia, 
must be notifi ed to the TGA immediately. Other con-
ditions of registration include conditions related to 
the sampling and testing of products and manufac-
turing premises. 

 In 2009 the TGA formally adopted the EU Guide-
line Volume 9A  Guidelines on Pharmacovigilance for 
Medicinal Products for Human Use  of the Rules Gov-
erning Medicinal Products in the European Union 

 Since 2009 the TGA have required that all sponsors 
publish the latest version of the approved PI and con-
sumer medicine information (CMI) where available 
for all products on the ARTG on the TGA website to 
enable broad access to information. Some sponsors 
are yet to comply with this requirement. Details 
of published PI and CMI are available on the TGA 
website.  

Paediatric  indications
 It is recognised internationally that there is a lack of 
information from proper investigations of the use of 
drugs in children, and a problem with the availability 
of paediatric - specifi c formulations, leading to drugs 
being used outside their approved indications and, 
at times, being reformulated by pharmacists to make 
them more suitable for use by children. 

 The TGA has endeavoured to encourage the sub-
mission of paediatric data packages by offering fee 
reductions for products that are not commercially 
viable or whose supply is in the public interest, 
waiving fees for orphan drugs and indications, and 
by accepting literature - based submissions. The TGA 
has also adopted internationally recognised ICH/EU 
guidelines dealing with paediatric data generation 
and facilitating the extrapolation of data from one 
patient population to another.  

Consumer medicine information ( CMI)
 Since 1993, all new prescription products (including 
changes to existing products that lead to a  ‘ new ’  entry 
on the ARTG) have been required to also have a 
CMI document, referred to in the Therapeutic Goods 
Regulations as a patient information document. Since 
1 January 2003, all prescription medicines have been 
required to have a CMI. The content of the CMI must 
be consistent with the PI and contain the information 
described in Schedule 12 to the regulations. CMI is 
also required for pharmacist - only (Schedule 3) medi-
cines approved for registration since mid - 1995, in 
accordance with Schedule 13 to the regulations. 

 Enormous effort has been invested in CMI devel-
opment in Australia, with the aim of producing 
highly useful and usable information for consumers. 
Writing About Medicines for People  (the usability 
guidelines) are in their third edition, providing guid-
ance to sponsors on how to prepare CMIs with highly 
consistent usability. Unlike the EU, Australian spon-
sors are not required to provide the CMI as a pack 
insert but may distribute the documents in a form 
that enables the CMI to be given to a person to whom 
a product is administered or dispensed. A system has 
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Products  manufactured or  tested
using human embryos or human
embryonic stem cells
 In late 2003 an amendment to the Regulations intro-
duced new requirements for products registered on 
or after 1 July 2004 that are manufactured or tested 
using a human embryo or human embryonic stem 
cells (HESC). For products manufactured using a 
human embryo or HESC, or any material sourced 
from these materials, including any testing associated 
with the manufacture of the product, there must be 
a statement included in the PI and CMI disclosing 
this use. 

 In addition, where information is provided to the 
TGA as part of an application for registration of a 
prescription medicine that refers to use of human 
embryos, HESC or materials derived from human 
embryos or HESC in research undertaken in the 
development of the medicine, the PI and CMI must 
also include a statement to that effect. 

 The sponsor must provide a declaration on 
these matters in Module 1 of the application for 
registration.  

Recalls
 Recalls are handled by the Australian recall coordina-
tor within the TGA according to the voluntary 
uniform recall procedures for therapeutic goods, in 
conjunction with the States. The Australian recall 
coordinator also liaises with the Commonwealth 
Minister responsible for consumer affairs in relation 
to safety - related recalls of therapeutic goods, which 
must be notifi ed within 48 hours, in accordance with 
the Competition and Consumer Act (2010) formerly 
the Trade Practices Act 1974. A mandatory recall of 
faulty goods may be enforced where safety is involved. 

 In April – May 2003 the TGA forced the recall 
of approximately 1600 complementary medicines at 
retail level throughout Australia, because of concerns 
about the quality of their manufacture. The recalled 
products were manufactured in Australia by Pan 
Pharmaceuticals, principally as a contract manufac-
turer for other companies. As a consequence of the 
regulatory action, amendments were made to the Act 
to increase maximum penalties for a range of existing 
offences; create new offences such as falsifying docu-
ments relating to therapeutic goods regulation; 
expand compulsory public notifi cation and recall 
provisions; insert a  ‘ fi t and proper person ’  test in rela-
tion to granting manufacturing licences and con-
formity assessment certifi cates; insert new conditions 
of licence to ensure compliance with manufacturing 

(September 2008). In line with this guideline, since 1 
April 2009 the TGA have required RMPs to be pro-
vided with certain categories of application, includ-
ing NCEs, major extensions of indications, changes 
to paediatric populations and signifi cant safety 
changes. The RMPs are evaluated by the TGA Offi ce 
of Product Review with advice sought from the Advi-
sory Committee on the Safety of Medicines where 
required. The TGA have recently collaborated with 
Medicines Australia to develop a guidance document 
on the development of an Australian Annex whereby 
sponsors may submit an RMP developed for an over-
seas jurisdiction and contextualise it to the Australian 
population. The aim of the Australian Annex is to 
provide the TGA with confi dence of the suitability of 
the risk management approach in Australia. Ongoing 
changes incorporated into the pharmacovigilance 
activities in the EU are likely to have subsequent 
impact on the Australian post - marketing monitoring 
environment. 

 A number of recent reviews undertaken by govern-
ment recommend enhancing the adverse event 
reporting mechanisms in Australia and providing 
improved transparency of the data and actions taken 
inter alia  for medicines, vaccines and medical devices. 
The Transparency Review (see Transparency section) 
and the Horvath Review (see Horvath Review section) 
make notable recommendations on the handling 
and publication of adverse events. Details of the 
Horvath Review into Adverse Events Following 
Immunisation and the review of TGA Transparency 
are also available on the Department of Health and 
the TGA websites, respectively ( www.health.gov.au  
and  www.tga.gov.au ).  

Products of  gene technology
 The Commonwealth Gene Technology Act 2000 
came into force in 2001, introducing a national 
scheme for the regulation of genetically modifi ed 
(GM) organisms in Australia. The legislation regu-
lates some GM products, but only where the products 
are not regulated by an existing agency. Thus, thera-
peutic goods that contain GM organisms or are prod-
ucts of GM organisms continue to be regulated by 
the TGA. 

 The Gene Technology Act requires the gene tech-
nology regulator to be notifi ed by other regulators 
such as the TGA about GM products approved for 
sale in Australia. For example, if the TGA approves 
a GM medicine for sale in Australia, this must be 
entered in the centralised, publicly available database 
of all GM organisms and GM products.  
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 In 2007 the New Zealand parliament was unable to 
secure suffi cient support to pass the enabling legisla-
tion and the ANZTPA negotiations were indefi nitely 
suspended. 

 However, in June 2011 the Prime Ministers of Aus-
tralia and New Zealand announced that they had 
agreed to establish a world leading agency to regulate 
medicines. The two leaders signed a statement of 
intent to implement the joint agency progressively 
over the ensuing 5 years through a staged process 
commencing immediately.
Stage 1:     Business to business sharing of work, data, 
information, training and establishment of centres of 
expertise within each country.  
Stage 2:     Establishment of a single entry point for 
applications and a common regulatory framework, 
although there will still be two regulators responsible 
for making their own decisions.  
Stage 3:     Full review of integrated processes and 
establishment of the single regulatory agency.    

 New Zealand ’ s natural health products (comple-
mentary medicines) are excluded from the joint 
regulatory scheme. New Zealand has introduced a 
stand - alone regulatory framework for domestic regu-
lation of these products. In 2016 a review of the joint 
regulatory scheme will consider whether New Zealand 
natural health products should remain separate. 
Meanwhile Australia ’ s TGA will continue to regulate 
complementary medicines and upgrade and improve 
that regulatory framework. The emerging coalition 
between regulatory agencies may be followed on the 
TGA website.   

Listing on the pharmaceutical
benefi ts  scheme – the  ‘fourth hurdle ’

 Applications for listing a product on the PBS are gen-
erally submitted by the pharmaceutical company 
sponsor, which has the data required to support the 
application, to the Pharmaceutical Benefi ts Division 
of the Department of Health. However, submissions 
from medical bodies, health professionals or members 
of the public may also be considered. 

 Products may not be subsidised under the PBS for 
unapproved indications, and some approved indica-
tions may not be subsidised and provisions may be 
restricted. Details of the medicines approved for 
subsidy are available from the Schedule of Pharma-
ceutical Benefi ts website ( www.pbs.gov.au ). 

 The PBAC process forms part of the wider govern-
ment system of HTA which assists the government in 

principles; require sponsors to maintain records of all 
manufacturers involved in manufacture of each batch 
of a product and have these records available for 
inspection at any time; require better identifi cation of 
therapeutic goods in the event of a recall; and improve 
adverse event reporting for listed goods. The Thera-
peutic Goods Amendment Act (No 1) 2003 took 
effect on 27 May 2003. 

 Currently, the TGA are undertaking a review of the 
Uniform Recall Procedure for Therapeutic Goods 
with consultation expected at the end of 2011. The 
aim of the review is to develop a more nationally 
consistent approach to product recalls and commu-
nications across all jurisdictions.  

Counterfeit goods and tampering
 The Therapeutic Goods Act was amended in 2000 to 
make it a specifi c offence to supply counterfeit thera-
peutic goods in Australia. Offences were also intro-
duced under the Act for tampering with therapeutic 
goods or continuing to supply goods that may have 
been tampered with, and for failing to notify the TGA 
of any knowledge of actual tampering or threats asso-
ciated with tampering.  

Trans -Tasman Mutual
Recognition arrangement 
 The Trans - Tasman Mutual Recognition Act 1997, 
developed under the policy of closer economic rela-
tions between Australia and New Zealand, came into 
force in 1998. The Act is intended to enhance Trans -
 Tasman trade by allowing goods available in one 
country to be acceptable in the other (and also rec-
ognise professional qualifi cations in both countries). 
A special exemption for therapeutic goods was imme-
diately granted in recognition of the differences 
between the Australian and New Zealand regulatory 
systems. Special exemptions are required to be re -
viewed annually and may be extended for a further 
12 months to 30 April the following year. 

 The two countries ’  therapeutic goods agencies had 
been working towards resolving the special exemp-
tion in consultation with the industry, consumers, 
medical and pharmacy professions. The health min-
isters in Australia and New Zealand had agreed that 
harmonisation of regulatory requirements for thera-
peutic goods was the best option and, in December 
2003, the two governments signed a treaty commit-
ting them to establishing a  ‘ single world - class agency ’  
and a  ‘ regulatory regime consistent with international 
best practice for the regulation of quality, safety and 
effi cacy or performance of therapeutic products ’ . 
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view and commentary for simultaneous considera-
tion by the PBAC at the forthcoming meeting. 

 The membership of the PBAC was revised in 2001, 
allowing for a greater range of expertise to be 
included, and introducing restrictions on the length 
of term that members may serve. Amid some con-
troversy, a member with pharmaceutical industry 
experience was included, in addition to medical prac-
titioners and members with pharmacy and consum-
erist backgrounds. Following the untimely death 
of the pharmaceutical industry member, and the 
appointment of a new Minister for Health, the indus-
try member was not replaced. These amendments to 
the National Health Act have increased the maximum 
number of members of the PBAC to 18 including the 
Chairperson. 3

 The PBAC meets three times per annum, in March, 
July and November, as the culmination of the 17 week 
pre - meeting application cycle. PBAC outcomes are 
published by the Department of Health on the PBS 
section of its website 6 weeks after the PBAC meeting 
( www.pbs.gov.au ). 

 Additionally, to provide greater transparency of 
PBAC activities, Public Summary Documents (PSDs), 
providing summary information concerning the 
rationale for the PBAC recommendation to include a 
medicine on the PBS are published on the Health 
Department website approximately 4 months after 
the relevant PBAC meeting. The PSD includes infor-
mation on the economic analysis presented by the 
sponsor company and the PBAC ’ s evaluation of the 
cost - effectiveness claims. PSDs are published for 
positive listing decisions and fi rst time rejections; the 
latter are published approximately 2 weeks later than 
PSDs for positive outcomes. 

 If an application for listing is successful, the PBAC 
determines the maximum quantity to be dispensed 
on each prescription and the number of repeat pre-
scriptions. The PBAC may also recommend prescrib-
ing restrictions following advice from the Restrictions 
Working Group. 

 Measures introduced under the Memorandum of 
Understanding (see Memorandum of Understanding 
section) were negotiated to provide signifi cant gains 
to the time taken for a medicine to be registered and 
listed on the PBS and thus improve the timely access 
to medicines for Australian patients in accordance 

making appropriate public funding decisions to 
provide the greatest health outcomes. The PBAC and 
HTA processes have been subject to government 
review and changes agreed under free trade arrange-
ments such as the Australia – US Free Trade Agree-
ment (AUSFTA) and more recently the Trans Pacifi c 
Partnership Agreement (TPPA). 

The PBAC process 
 The PBAC assesses applications for listing on the PBS 
for reimbursement against criteria specifi ed in the 
National Health Act 1953. These criteria include 
assessment of clinical benefi t and cost - effectiveness 
(value for money) compared with alternative availa-
ble treatments and includes assessment of vaccines 
applying for funding under the National Immunisa-
tion Programme. The PBAC focuses on health out-
comes and aims to recommend subsidy for treatments 
that will improve the health for the majority of the 
Australian population. The Australian Government 
accordingly takes into account  ‘ value for money ’  
when considering subsidy for medicines. Considera-
tion is also given to issues of uncertainty, equity of 
access, extent of use and total cost in determining 
the willingness to provide public funded subsidy for 
therapeutic modalities. 

 The current Guidelines for Preparing Submissions 
to the PBAC (Version 4.3) December 2008 (PBAC 
submission guidelines) are available on the PBS 
website at  www.pbs.gov.au  and remain the subject of 
ongoing review. Sponsors must provide a submission 
that meets the guidelines. There are three categories 
of PBS submission: listing a new brand (generic 
equivalent) of an already listed drug is usually 
handled by the PBAC secretariat; minor submissions 
to make changes to existing items; and major submis-
sions to list new drugs on the PBS or make substantial 
changes to currently listed drugs require evaluation 
by the Pharmaceutical Evaluation Section independ-
ent evaluators. These submissions also require review 
by the Economic Sub - Committee and the Drug 
Utilisation Sub - Committee of the PBAC and other 
advisory bodies such as the Restrictions Working 
Group or the Australian Technical Advisory Group 
on Immunisation where relevant. 

 The sponsor is provided with copies of the inde-
pendent evaluation from the Pharmaceutical Evalua-
tion Section as well as those produced by the relevant 
sub - committees, prior to the PBAC meeting at which 
the application will be considered. This affords the 
sponsor with around 6 weeks to respond to the over-

 3      Commonwealth of Australia, National Health Act 1953, 

Section 100A(2). 
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been utilised, and stakeholder meetings with the 
PBAC have been the preferred approach. Finally, a 
legal challenge to the Federal Court of Australia for a 
review of the decision may be considered. 

 This is notable in the context that currently only 
35% of fi rst time cost - effectivenemss submissions to 
the PBAC receive a positive recommendation. Infor-
mation on PBS activity indicatiors are available on 
the department of health website at:  http://www.
health.gov.au/internet/main/publishing.nsf/Content/
health - pbs - activity - indicators . The quantity of PBAC 
rejections, and the inadequacy of available appeal 
mechanisms, have been criticised.  

Trade  agreements 
 Trade agreement have been reached in recent years 
with overarching objectives to improve transparency 
and enhance collaboration across international juris-
dictions. In 2005 AUSFTA enhanced the dialogue 
between the TGA and the FDA to facilitate availability 
of innovative medicines. The full text of the agree-
ment is available from the Department of Foreign 
Affairs and Trade website ( www.dfat.govau/ ). 

 Currently, Australia is one of nine countries par-
ticipating in the development of a multilateral trade 
agreement in the Trans Pacifi c Partner  ship (TPPA). 
The TPPA expands on the current Trans - Pacifi c Stra-
tegic Economic Partnership Agreement between 
Brunei Darussalam, Chile, New Zealand and Singa-
pore, which entered into force in 2006. The additional 
partners are currently Australia, Malaysia, Peru, the 
USA and Vietnam. The TOOA will provide a multi-
lateral trade agreement with consistent  ‘ rules ’  for all 
partners. 

 The TPPA is expected to be composed of a range 
of chapters and relevant annexes. It will cover stand-
ard free trade agreement matters such as trade in 
goods, rules of origin, trade remedies, sanitary and 
phytosanitary measures, technical barriers to trade, 
trade in services, government procurement, customs 
procedures, intellectual property, temporary entry of 
persons, competition policy, institutional provisions 
and provisions on consultations and dispute settle-
ment arrangements. It also includes provisions cover-
ing cooperation in a number of fi elds including 
education, primary industry, culture and science and 
technology, and a binding Memorandum of Under-
standing on Labour Cooperation and a binding Envi-
ronment Cooperation Agreement. 

 In announcing Australia ’ s participation in the 
TPPA, Australia ’ s Minister for Trade stated that the 

with the objectives of the National Medicines Policy. 
Two principal arrangements are Parallel Processing 
and Managed Entry Scheme provisions. 

 A product may not be listed on the PBS until mar-
keting approval is granted by the TGA. However, a 
sponsor may make the application for PBS listing 
once the submission to the TGA has been accepted 
for evaluation. This is termed parallel TGA – PBAC 
processing. Prior to the Memorandum of Under-
standing these processes were sequential and an 
application could not be made to the PBAC until the 
TGA delegate ’ s overview and recommendation to the 
ACPM were available. As the delegate ’ s overview pro-
vides valuable insights on the likely fi nal terms of 
registration, sponsors are encouraged to consider the 
timing for parallel applications so that it will be avail-
able by the time the PBAC meeting takes place. 
As parallel processing allows an overlapping of the 
assessment for marketing approval with the assess-
ment for subsidy there is potential to signifi cantly 
reduce the time between the application for registra-
tion and actual patient access to the medicine on 
the PBS. 

 The managed entry scheme may be described 
as coverage with evidence development, where the 
initial listing is based on the data submitted to PBAC 
but emerging effectiveness data is used to initiate 
further price negotiations. Although provision for 
this has been implemented, it is as yet to be formally 
utilised.  

Appeals against recommendations
on PBS listing applications
 The National Health Act does not include the option 
for PBAC recommendations to be appealed to the 
Administrative Appeals Tribunal. Since 2002 it has 
been possible to request a meeting between the PBAC 
and stakeholders when a PBAC rejection has been 
received. These meetings are not intended as an 
appeals mechanism but as a  ‘ without prejudice ’ , non -
 adversarial process to facilitate a re - submission by the 
sponsor. A stakeholder meeting may be sought where 
the drug is indicated for a serious disabling or life -
 threatening condition for which there is no other 
realistic management option. The Guidelines for 
Stakeholder Meetings are available from the PBS 
website. 

 Additionally, following the AUSFTA (2005) an 
Independent Review Mechanism for negative PBAC 
recommendations was established. However, this is 
largely seen as an ineffective system which has rarely 
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provided to pharmaceutical wholesalers. Full details 
are available from the PBS reforms website ( http://
www.health.gov.au/pbsreform ). 

 As part of the primary PBS reform agenda, the 
AMWG was established as a more effective means of 
engagement between the Department of Health and 
Medicines Australia in considering issues of timely 
and appropriate access to new medicines for the PBS. 
The group is jointly chaired by a Deputy Secretary of 
the Department and the Chairman of Medicines Aus-
tralia, and comprises senior representatives of each 
organisation. It meets 3 – 4 times a year. 

 The government has committed to retain the 
AMWG to provide ongoing strategic engagement 
with the industry, and maintain the integrity of the 
architecture developed under these fi rst PBS reforms. 
The AMWG continue to examine other possible 
improvements to the reimbursement model: creating 
a more transparent environment, supporting TGA 
streamlined submission processes to enable effective 
parallel processing of TGA and PBAC applications, 
examining the impact of price reforms on the generic 
market and generating potential solutions to uncer-
tainty such as the managed entry scheme.  

Pricing of products on the  PBS
 There are a number of pricing mechanisms applied, 
in order to manage the price paid by the government 
for PBS listed therapeutic products. The purpose 
of pricing structures are to drive effi ciencies, create 
savings and ensure that the costs of the PBS system 
can be contained and sustained. The most important 
of these is the mechanism of price disclosure which 
was expanded under the terms of the Memorandum 
of Understanding to a mandatory requirement for all 
F2 products. 

 The PBPA makes recommendations to the Depart-
ment of Health on the prices for new items that have 
been recommended for PBS listing by the PBAC. It 
also reviews the prices for all items listed on the 
Schedule of Pharmaceutical Benefi ts at least once 
per annum. The PBAC provides advice to the PBPA 
regarding comparison with other treatments and 
comparative cost - effectiveness. 

 The Commonwealth Government negotiates an 
agreed wholesale price with the pharmaceutical 
company sponsor, through a senior offi cer in the 
pharmaceutical benefi ts branch. This process applies 
to all products subsidised as PBS - listed items under 
Section 85 of the National Health Act, including 
products that are priced below the general patient 
co - payment. 

government ’ s priority  ‘ will be to maintain and build 
on existing standards in our current free trade agree-
ments and retain the fl exibilities that we presently 
have in those agreements ’ . Negotiations of the terms 
of the TPPA are expected to be concluded in the fi rst 
half of 2012.  

PBS reforms
 The PBS has undergone a raft of reforms in recent 
years. The reforms announced in 2007 were intro-
duced to drive effi ciencies in the off - patent market, 
deliver signifi cant savings and create a valuable and 
sustainable PBS system, allowing for the inclusion of 
new innovative medicines. This was achieved through 
the creation of two formularies: F1 and F2.
    •      Formulary 1 (F1) for single brand medicines, 
except for single brand medicines that are inter-
changeable at the patient level with multiple brand 
medicines; and  
   •      Formulary 2 (F2) for multiple brand medicines and 
any single brand medicines that are interchangeable 
with multiple brand medicines at the patient level.    

 Reference pricing continues to apply between F1 
medicines that are linked within reference pricing 
groups, within therapeutic group premium (TGPs), 
and across different brands of the same substance 
listed on F2, but there is no ongoing price linkage 
between medicines listed on F1 and those listed on F2. 

 A mandatory price reduction policy for the fi rst 
new bioequivalent generic brand became a legislated 
requirement under the 2007 reforms. F1 substances 
are protected from these statutory price reductions, 
so long as they remain in the F1 formulary. Some 
substances in specifi ed forms and with specifi ed 
routes of administration for use in special popula-
tions may also be exempt from the statutory price 
reductions. 

 Finally, certain medicines listed in F2 became 
subject to a system of price disclosure, with associated 
price reductions, so that the price that the govern-
ment pays for a PBS medicine more closely refl ects 
the actual price at which the medicine is being sold. 
Since 1 January 2011,  any  F2 substance must agree to 
price disclosure and reveal the actual market price as 
a condition of listing, with subsequent price reduc-
tions where applicable. 

 To compensate for the reduced income resulting 
from these reforms, pharmacy mark - ups and dis-
pensing fees were increased, pharmacists are paid 
A$1.50 per prescription to dispense a  ‘ premium free ’  
medicine (this applies to both originator and generic 
brands of a medicine), and additional funding was 
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be approved by the Prime Minister and the Minister 
for Finance, in addition to the Minister for Health. 

 The PBAC and PBPA also consider the prices 
of pharmaceuticals listed under Section 100 of the 
National Health Act, which allows for an alternative 
means of providing an adequate pharmaceutical 
service in circumstances where pharmaceutical ben-
efi ts cannot be conveniently and effi ciently supplied 
in the usual manner under the PBS. The current 
Section 100 programmes are Highly Specialised 
Drugs (HSDs), human growth hormone, IVF/GIFT, 
opiate dependence treatment and the special author-
ity programme. Highly Specialised Drugs, such as 
medicines for HIV/AIDS, are reviewed by the Highly 
Specialised Drugs Working Party and are generally 
supplied through different dispensing arrangements 
in public hospitals under agreements with the States, 
without wholesaler involvement.  

Brand  premiums 
 Where there are two or more brands of the same form 
and strength of a drug listed on the PBS that are 
bioequivalent and hence substitutable, the PBPA rec-
ommends the benchmark price for that drug, being 
the price of the lowest priced brand. Sponsors of 
the other brands may charge a premium above the 
benchmark price. Brands that are considered substi-
tutable are indicated in the schedule by alphabetic 
superscripts. The cost of the brand premium must be 
paid by the consumer in addition to any co - payment. 
A pharmacist may substitute brands to avoid a con-
sumer paying a premium, provided the prescriber 
does not specifi cally prohibit this and the consumer 
agrees.  

Special patient contribution arrangements 
 A sponsor may not seek to charge a product premium 
above the agreed listing price unless there is an alter-
native brand of the drug in the same form and 
strength listed on the PBS. If the sponsor and govern-
ment cannot agree on a listing price for a new 
product, and there is no alternative listed on the PBS, 
the product cannot be listed with a brand premium. 
However, on rare occasions a special patient contri-
bution can apply. This currently applies to only four 
PBS items.  

Reference  pricing and therapeutic 
group  premiums 
 In 1998, the Commonwealth Government introduced 
TGPs, a form of reference pricing, to certain thera-
peutic groups listed on the PBS. These therapeutic 

 A wholesaler margin is then set on the supplier ’ s 
price, a pharmacist margin is applied to the whole-
saler ’ s price and a pharmacist dispensing fee is also 
added, determined by the Pharmaceutical Benefi ts 
Remuneration Tribunal. Patients pay the co - payment 
(and any premiums) to the pharmacist when the 
PBS - listed medicine is dispensed, with the balance of 
the cost of the product being paid to the pharmacist 
by the government ( www.pbs.gov.au ). 

 Consumers ’  contributions to the cost of their 
medicines are limited by safety net thresholds, which 
are adjusted annually in relation to the consumer 
price index. Under the PBS the maximum cost for a 
listed item on 1 January 2011 was A$5.60 for conces-
sional patients and A$34.20 for general patients, 
except where a brand premium, TGP or special 
patient contribution applied. There are two safety 
net thresholds. For general patients, once a patient 
has spent A$1317.20 on PBS medicines, the patient 
co - payment decreases to the concessional level of 
A$5.60 for the rest of the calendar year. For conces-
sional patients the safety net threshold is A$336.00. 
Once concessional patients reach this level they 
receive PBS items free of charge for the rest of the 
calendar year. 

 Since 1 August 2003 information about the full cost 
of each item has been included on the label of the 
medicine, so that consumers are better informed. 
These costs have increased annually including con-
sumer price indexation. 

 Determination of the agreed price for a product 
to be listed on the PBS is understandably one of the 
most contentious areas between the pharmaceutical 
industry and government. The pricing procedure and 
methods used by the PBPA in recommending prices 
for new items and in its annual review of prices of all 
items listed on the PBS, including Reference Pricing 
and Weighted Average Monthly Treatment Cost, are 
explained in a document that is available from the 
PBS website. 

 The PBPA sometimes recommends the use of 
price/volume arrangements, particularly where unit 
prices are reasonably high and there is the potential 
for signifi cant volumes or where there is uncertainty 
about future volumes. 

 If the predicted annual cost to the government is 
greater than A$5 million in 1 year, including consid-
eration of the potential for prescribing outside of the 
agreed restrictions, the Department of Health must 
obtain the Department of Finance ’ s agreement to the 
estimated costs. If the predicted annual cost to gov-
ernment is greater than A$10 million, the listing must 
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policy environment for pricing is important for a 
viable and responsible medicines industry in Aus-
tralia. The Commonwealth agreed not to implement 
any new policy to generate price - related savings from 
the PBS for the 4 - year term of the agreement, from 
2010 until 2014. This includes a 4 - year moratorium 
on the formation of new therapeutic groups. In addi-
tion to 4 years of pricing policy certainty and the 
moratorium on new therapeutic groups, the Memo-
randum of Understanding also provides government 
with further savings to the off - patent market (F2 for-
mulary). Most government savings will be delivered 
through strengthening existing pricing policies, in 
particular the price disclosure arrangements. As pre-
viously described, the price disclosure policy uses 
companies ’  own decisions to drive effi ciencies in 
PBS expenditure, thus minimising direct government 
intervention in the marketplace. 

 The Memorandum of Understanding also provides 
for improvements in the PBS listing process. From 1 
January 2011, TGA and PBAC evaluation processes 
can be conducted in parallel, with the aim of reducing 
the time it takes for some innovative medicines 
to become available to the Australian public. A new 
managed entry scheme for some innovative medi-
cines for which there is a high, unmet clinical need 
began on 1 January 2011. As a form of  ‘ coverage with 
evidence development ’ , this scheme will potentially 
permit earlier listing with a commitment from the 
PBAC to re - value a medicine following the provi -
sion of more evidence at a later date. The Memoran-
dum of Understanding also includes a commitment 
from the government to improve the timely access to 
medicines that Australians need by setting a  ‘ best -
 endeavours ’  6 - month time limit on those PBAC - 
recommended medicines requiring Cabinet approval. 
The full text of the Memorandum of Understanding 
is available at:  http://www.pbs.gov.au/info/industry/
useful - resources/memorandum .  

Health Technology Assessment Review 2009 
 In 2009 the Department of Health undertook a 
review of existing Australian HTA processes. The aim 
of the review was to identify and recommend options 
for improving process effi ciency to reduce regulatory 
burden and provide timely and affordable access to 
innovative medical services and devices for Australian 
patients. The review makes recommendations on 
improving the assessment of health technologies, 
and procedures and services for public and private 
funding in line with international best practice. The 
HTA review centred on the Medical Services Advisory 

groups include H2 receptor antagonists, angiotensin 
converting enzyme inhibitors, proton pump inhibi-
tors, angiotensin II inhibitors, HMG - CoA reductase 
inhibitors (statins) and calcium - channel blockers. 
Under this policy, the government subsidises all drug 
products in the therapeutic group up to the price of 
the lowest priced product in the group  –  the bench-
mark. Different substances in a therapeutic group are 
deemed to be equivalent for the purpose of pricing, 
including patented and off - patent products. If a 
sponsor chooses to charge a premium above the 
benchmark price, that premium must be paid by the 
consumer in addition to the co - payment, and does 
not count towards the PBS safety net threshold. 

 A prescriber may apply to the Medicare Australia 
for a TGP exemption for an individual patient for a 
particular product, if adverse effects or reactions are 
expected to occur with all of the benchmark priced 
products or the transfer to a benchmark priced 
product would cause patient confusion leading to 
problems with compliance. Pharmacists may not sub-
stitute between different substances in a therapeutic 
group. 

 When the policy was introduced it was thought 
that some sponsors would maintain signifi cant pre-
miums for their products over the benchmark price. 
However, over time, many reduced their price to 
the benchmark price or charged a reduced premium 
compared with the price prior to introduction of the 
TGP policy. 

 From 1 August 2005, the fi rst new generic brand of 
a medicine listed on the PBS was required to be listed 
at 12.5% below the current benchmark price. This 
was amended in January 2011 and is currently 16% 
(see Memorandum of Understanding section). As a 
result of reference pricing arrangements this price 
reduction also fl ows to all products in the same refer-
ence pricing group. This price reduction applies once 
only for each medicine (and for the medicines in the 
reference pricing group).  

Memorandum of  Understanding 2010 
 On 6 May 2010 the Commonwealth Government 
signed a landmark agreement on the management of 
the PBS with Medicines Australia, the innovative pre-
scription medicines industry association. This Mem-
orandum of Understanding builds on the 2007 PBS 
Reforms to deliver savings to taxpayers of $1.9 billion 
over 5 years. 

 In the agreement, the Commonwealth committed 
to introducing improvements to the PBS listing 
process and formally acknowledged that a stable 
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CTN or CTX requirements but still need to be 
approved by a human research ethics committee 
(HREC) before the trial may commence. 

 All CTN and CTX trials must have an Australian 
sponsor. The sponsor is that person, body, organisa-
tion or institution that takes overall responsibility for 

Committee processes (the devices equivalent of the 
PBAC) as well as coordination of Medical Services 
Advisory Committee and PBAC evaluations for co -
 dependent technologies. 

 The fi ndings of the review are not dissimilar to 
the outcomes of other comparable reviews of major 
systems and policies within the Department of 
Health. The focus is on improving transparency, 
expanding stakeholder input and understanding, 
while streamlining processes to drive effi ciencies and 
encourage consistency and coordination between 
Commonwealth HTA processes. These goals are 
expected to, strengthen patient safety and value 
for money whilst allowing continuing access to 
future innovation. The recommendations of the HTA 
review are being introduced with a transition period 
until 2012.  

Time -frames for  PBS listing
 It currently takes a minimum of 35 weeks from sub-
mission of an application for PBS listing to the time 
it may be prescribed as a PBS item if the application 
is successful the fi rst time it is considered, although 
some of this process may overlap the fi nal stages of 
registration approval (Table  28.1 ). Products are fre-
quently not launched in Australia until PBS listing is 
achieved. Activites indicators for the PBS are available 
on the PBS website.     

Access to medicines not registered 
or listed on the  ARTG

 There are four avenues available to access medicines 
not registered or listed on the ARTG:
1.     clinical trials;  
2.     special access scheme;  
3.     authorised prescriber; and  
4.     personal importation.    
 Further details are available through the TGA website. 

Clinical trials
 There are two schemes under which clinical trials 
involving therapeutic goods may be conducted in 
Australia: the CTN and the CTX schemes. These 
schemes are used for clinical trials involving any 
product not entered on the ARTG, or use of a regis-
tered or listed product in a clinical trial beyond the 
conditions of its marketing approval. 

 Clinical trials in which registered or listed medi-
cines (or medical devices) are used within the condi-
tions of their marketing approval are not subject to 

Table 28.1    Time - frame for Pharmaceutical Benefi ts 

Scheme ( PBS ) listing 

   Action     Weeks  

Prior to PBAC meeting       

  Cut - off date for major submissions    17  

  PBS evaluation and DUSC commentary sent to 

sponsor

  7.5  

  Cut - off date for minor submissions    6 – 7  

  Pre - ESC and pre - DUSC responses provided by 

sponsors  

  6.5  

  DUSC meeting    5  

  ESC meeting    4.5  

  RWG meeting    4  

  ESC, DUSC and RWG advice sent to sponsors    2  

  Pre - PBAC comments provided by sponsor    1  

  ESC report and sponsor comments sent to 

PBAC  

  1  

  PBAC meeting    0  

Post - PBAC meeting       

  Verbal advice of recommendation given to 

sponsor

  0.5  

  Written advice of recommendation sent to 

sponsor

  3  

  Unratifi ed minutes sent to sponsor    4 – 5  

  PBPA meeting    6  

  Approval by Minister for Health/Parliamentary 

Secretary  

  10 – 12  

  Closing date to amend Schedule of 

Pharmaceutical Benefi ts  

  14  

  Listing in the Schedule of Pharmaceutical 

Benefi ts  

  18  

   DUSC, Drug Utilisation Sub - Committee; ESC, Economic 

Sub - Committee; PBAC, Pharmaceutical Benefi ts Advisory 

Committee; PBPA, Pharmaceutical Benefi ts Pricing 

Authority; RWG, Restrictions Working Group.   
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tion fee. The current notifi cation fee is A$290 for each 
notifi cation, which can comprise a single site con-
ducting a clinical trial, or multiple sites conducting 
the same trial notifi ed together. Once the CTN form 
has been submitted to the TGA along with the rele-
vant fee, the clinical trial may commence. The TGA 
acknowledges receipt of the CTN form and fee, which 
takes 2 – 3 days. Some sponsors choose to wait for 
receipt of this acknowledgement before commencing 
a trial, although this is not strictly necessary. 

 There is one CTN form for each site conducting 
the same clinical trial, such as multicentre trials. In 
some cases a composite site can be notifi ed where a 
single HREC and approving authority have responsi-
bility for all sites conducting the trial, such as a 
general practice network. 

 To assist the TGA to maintain a record of each 
CTN trial, the sponsor must subsequently notify the 
TGA of the date the trial was completed, the reason 
the trial ceased (e.g. concluded normally, insuffi cient 
recruits) and any changes to the trial with respect of 
information previously submitted.  

The CTX scheme
 Under the CTX scheme, a sponsor submits an appli-
cation to conduct clinical trials to both the TGA and 
the HREC at each institution or site at which it is 
proposed to conduct the clinical trial (see also section 
on the development of a single ethical review process 
for multicentre human research). The TGA reviews 
the information about the product provided by the 
sponsor, including whether the medicine is under 
investigation or approved for marketing in other 
countries, proposed usage guidelines, a pharmaceuti-
cal data sheet and a summary of the preclinical data 
and clinical data. 

 There are two levels of evaluation of applications 
for clinical trials of medicines under the CTX scheme. 
A 30 working day period for evaluation of a CTX 
application applies when the supporting data relate 
only to chemical, pharmaceutical and biological 
issues. A 50 working day period applies for applica-
tions supported by chemical, pharmaceutical and 
biological, preclinical and clinical data. These evalu-
ation times commence from the date of acceptance 
of the application or receipt of the appropriate fee. 
The fee for a 30 - day CTX application as at 1 July 2011 
is A$1440 and for a 50 - day application A$17,900. 

 If the TGA delegate raises an objection, trials may 
not proceed until the objection has been addressed 
to the delegate ’ s satisfaction. Even if no objection is 
raised, the delegate usually provides comments on the 

the conduct of the trial. It need not be a pharmaceuti-
cal company. The sponsor usually initiates, organises 
and supports a clinical study and carries the medico-
legal responsibility associated with the conduct of 
the trial. 

 In 2010 – 2011 there were 2820 CTN scheme noti-
fi cations. It should be noted, however, that this does 
not indicate the number of different clinical trial pro-
tocols. There were approximately 574 new clinical 
trials commenced in 2010 – 2011. This contrasts with 
six CTX 50 working day applications in the same 
period and zero 30 working day applications. 

The CTN scheme
 Under the CTN scheme the sponsor of the clinical 
trial provides detailed information about the pro-
posed trial to the principal investigator who submits 
an application to conduct the clinical trial to the 
HREC at the institution or other site at which the trial 
is proposed to be conducted (see section on the devel-
opment of a single, harmonized ethical review process 
for multicentre human research). The clinical trial 
application generally includes the protocol, the inves-
tigator ’ s brochure, related patient information, sup-
porting data and the CTN form. The HREC evaluates 
the scientifi c and ethical validity of the proposed 
clinical trial and the safety and effi cacy of the medi-
cine in the context of its stage of development. The 
TGA does not evaluate any information about the 
clinical trial. 

 If the HREC endorses the conduct of the clinical 
trial, the chairman of the HREC signs the CTN form. 
The institution or organisation at which the trial will 
be conducted, referred to as the approving authority, 
gives the fi nal approval for the conduct of the trial at 
the site, having due regard to advice from the HREC 
and also must sign the CTN form. In some cases, the 
HREC can also be the approving authority for a par-
ticular trial site. 

 In signing the CTN form the signatories agree 
that they will comply with all legislative and regula-
tory requirements, that the trial will be conducted 
in accordance with the Note for Guidance on Good 
Clinical Practice (GCP Guidelines) (CPMP/ICH/135/
95), and the National Health and Medical Research 
Council (NHMRC) National Statement on Ethical 
Conduct in Human Research 2007 (National State-
ment), and that they will agree to release information 
to the TGA about the conduct of the trial in the event 
of an inquiry or audit of the trial. 

 The form is then submitted by the sponsor of the 
trial to the TGA, along with the appropriate notifi ca-
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each of these three States as well as in each institution 
in every other State where the trial will be conducted. 
The three eastern States recently signed a Memoran-
dum of Understanding, which will enable a single 
ethical review of a multicentre trial for the public 
health institutions across the three States, but this 
does not include private hospitals or universities, 
which will continue to require a separate ethics 
review. 

 It is hoped that the nationally harmonised system 
of single ethical review of multicentre research will 
be in place in the fi rst quarter of 2012 following 
the AHMAC ’ s endorsement of the HoMER policies 
and procedures that have been developed following 
extensive consultation with institutions, industry and 
the State and Territory governments. 

 In addition to the review by a certifi ed HREC, a 
proposed clinical trial must also be reviewed and 
approved by the approving authority at each institu-
tion where the trial will be conducted. This review, 
called a governance review, takes into account the 
capacity of the institution to undertake the trial 
and ensures that necessary contractual and insurance 
arrangements are in place. Once an HREC has recom-
mended that a trial may proceed and the institution 
has approved the trial the approving authority at the 
institution signs the CTN (or CTX) form which is 
submitted to the TGA.  

Reporting adverse  events and adverse  drug
reactions during clinical trials
 Australia has largely harmonised its reporting re -
quirements for adverse events and ADRs occurring 
during clinical trials with international requirements 
and has adopted, in principle, the Note for Guidance 
on Clinical Safety Data Management: Defi nitions and 
Standards for Expedited Reporting (CPMP/ICH/
377/95)  –  in particular the defi nitions and reporting 
time - frames. 

 Despite the TGA ’ s adoption of these international 
requirements, the local interpretation of these guide-
lines in relation to reporting serious and unexpected 
adverse reactions must be adhered to. Sponsors of 
clinical trials are required to report to TGA single 
cases of serious and unexpected adverse reactions. 
Fatal or life - threatening ADRs should be reported 
within 7 calendar days of the reaction fi rst being noti-
fi ed to the sponsor. This should be followed by as 
complete a report as possible within 8 additional cal-
endar days. All other serious and unexpected ADRs 
should be reported to TGA within 15 calendar days 
of fi rst knowledge of the sponsor. 

accuracy or interpretation of the summary informa-
tion supplied by the sponsor. The sponsor must 
forward these comments to the HREC(s) at sites at 
which the sponsor intends to conduct the trial. 

 As with the CTN scheme, the sponsor prepares 
information for submission by the principal investi-
gator to the HREC at the institution or other site 
at which the trial is proposed to be conducted. The 
HREC in each host institution and/or organisation is 
responsible for approving the proposed trial protocol 
after reviewing the summary information received 
from the sponsor and any additional comments from 
the TGA delegate. The approving authority gives the 
fi nal approval for the conduct of the trial at the site, 
having due regard to advice from the HREC. 

 A sponsor may not commence a CTX trial until 
written advice has been received from the TGA 
regarding the application, and approval has been 
obtained from the HREC and the institution at which 
the trial will be conducted. 

 The sponsor may conduct any number of clinical 
trials under the CTX application without further 
assessment by the TGA, provided use of the product 
in the trials falls within the original approved usage 
guidelines. However, HREC approval of each proto-
col and approval from the institution or organisation 
for the conduct of each trial are still required.  

National harmonistaion of ethical review of 
multicentre  research 
 In October 2006, the Australian Health Ministers ’  
Advisory Council (AHMAC), agreed to implement a 
national system to enable the recognition of a single 
scientifi c and ethical review process within and across 
all Australian jurisdictions. The Harmonisation of 
Multi - centre Ethical Review (HoMER) is a national 
system whereby a single ethical and scientifi c review 
will be undertaken by a certifi ed HREC. Certifi cation 
by the NHMRC provides assurance that the policies, 
processes and procedures of an institution and its 
HREC comply with an agreed set of national criteria 
for the conduct of an ethical review of multicentre 
health and medical research. A review by a certifi ed 
HREC is intended to be accepted by all institutions 
where the trial will be conducted. 

 However, almost 5 years since the AHMAC recom-
mendation the national system is not yet in place. 
There are single ethics review processes now in place 
in the three eastern states  –  New South Wales, Victoria 
and Queensland  –   within  each State and just for 
the public health institutions. Nevertheless, sponsor 
companies must still obtain an ethics approval from 



580 Chapter 28 

 The strategic intent of the NHMRC is to provide 
leadership and work with other relevant organisa-
tions to improve the health of all Australians by:
    •      fostering and supporting a high quality and inter-
nationally recognised research base;  
   •      providing evidence - based advice;  
   •      applying research evidence to health issues thus 
translating research into better health practice and 
outcomes; and  
   •      promoting informed debate on health and medical 
research, health ethics and related issues.    

 A principal committee of the NHMRC, the Aus-
tralian Health Ethics Committee (AHEC), provides 
guidance and support for HRECs in Australia, and 
is responsible for developing and publishing the 
National Statement on Ethical Conduct in Human 
Research 2007. 

 Compliance with the National Statement is a 
requirement for all clinical trials conducted in 
Australia under the CTX and CTN schemes. The 
chairman of the HREC certifi es that the HREC is 
constituted in accordance with guidelines issued by 
the NHMRC, has registered with the AHEC, and has 
approved the clinical trial in accordance with the 
guidance provided by the national statement. 

 AHEC has developed the National Ethics Applica-
tion Form (NEAF), which is a web - based application 
form for submission to HRECs. The NEAF is intended 
to assist sponsors and investigators, who can now 
prepare applications in a single format rather than 
according to individual HREC requirements, which 
delays submission of applications in Australia and 
adds to workload. There were some user diffi culties 
with the fi rst NEAF version. The updated NEAF2 was 
issued in August 2008. 

 Another initiative to streamline clinical trial start 
up is the implementation in May 2007 of a standard 
format for the Clinical Trial Research Agreement for 
trials sponsored by a pharmaceutical company. The 
Clinical Trial Research Agreement was developed col-
laboratively between Medicines Australia and the State 
health authorities in New South Wales, Victoria and 
Queensland. An additional standard contract format 
for clinical research organisations acting as the trial 
sponsor has also been developed, and a standard 
format for collaborative research groups. These stand-
ard contract formats are available from the Medicines 
Australia website ( www.medicinesaustralia.com.au ).  

Status of the Declaration of  Helsinki
 The AHEC has advised HRECs to regard the National 
Statement as the defi nitive guideline for the review 

 Information should be provided in the form of 
a detailed summary in the TGA Offi ce of Product 
Review  ‘ Blue Card ’  format. Even if initial informa -
tion is scanty, these details should be forwarded to 
the TGA pending receipt and provision of further 
data. This procedure should be followed even when 
the medicine in question is the subject of an ap -
plication for registration and under evaluation by 
the TGA. 

 Sponsors are not required, as a matter of routine, 
to submit individual patient reports to the TGA of 
suspected adverse drug reactions occurring with use 
of the same product in another country, even if a trial 
is ongoing at Australian sites. However, the TGA 
requires that sponsors advise the Experimental Prod-
ucts Section of OMA within 72 hours of any signifi -
cant safety issue that has arisen from an analysis of 
overseas reports or action with respect to safety taken 
by another country ’ s regulatory agency. This advice 
must include the basis for such action. 

 The outcomes of the Horvath Review into adverse 
events following immunisation (see Horvath Review 
section) and the Transparency Review of the TGA 
have lead to public commitment from the govern-
ment to strengthen and improve adverse event 
reporting mechanisms and public access to informa-
tion. These changes will be introduced in the coming 
years as part of the  TGA Reforms: a blueprint for the 
TGA ’ s future .  

Good Clinical Practice and 
ethical conduct of clinical trials
 The TGA ’ s regulation of clinical trials involving new 
medicines requires adherence to international stand-
ards of ethical conduct and Good Clinical Practice 
(GCP). A TGA authorised person may enter a site at 
which a clinical trial is being conducted and examine 
anything at the site relating to the clinical trial, 
including any documents or records relating to 
the trial. 

 In 2000, the TGA Guidelines on Good Clinical 
Research Practice 1991 were replaced by the CPMP/
ICH GCP guidelines, with some amendments to 
refl ect Australian regulatory requirements. 

 Furthermore, Australia has a strong framework in 
place to support the ethical conduct of clinical trials, 
provided by the NHMRC, its principal committees 
and HRECs. In 2009, there were 221 registered 
HRECs in Australia  –  102 hospital (public and 
private), 52 university, 26 government and 41 associ-
ated with institutions (both not - for - profi t and 
for - profi t). 
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 A medical practitioner can supply any unapproved 
medicine to a Category A patient, except medicines 
listed in Schedule 9 of the SUSMP, which are prima-
rily drugs of abuse such as heroin or cannabis. 

 Adverse event and ADR reporting requirements 
are similar to those for clinical trials, with greater 
emphasis on the prescriber being responsible for 
reporting any ADR to the TGA, the sponsor and 
HREC.  

Authorised prescribers 
 Another avenue for limited access to an unapproved 
medicine is through the authorised prescriber provi-
sions of the Therapeutic Goods Act. A few specifi ed 
medical practitioners are authorised by the TGA to 
prescribe a specifi c unapproved therapeutic goods or 
class of unapproved therapeutic goods, to specifi ed 
recipients or classes of recipients (identifi ed by their 
medical condition) in their immediate care, without 
further approval from the TGA. The authorised pre-
scriber must also have the endorsement of an appro-
priate HREC to supply the product. 

 A pharmaceutical company is not obliged to supply 
an unapproved product under the authorised pre-
scriber provisions. If it does supply the specifi ed 
product, the company must provide reports every 6 
months of the amount of product supplied to author-
ised prescribers. 

 Adverse event and ADR reporting requirements 
are similar to those for clinical trials, with greater 
emphasis on the authorised prescriber being respon-
sible for reporting any ADR to the TGA, the sponsor 
and HREC as the sponsor will not normally be 
actively monitoring the use of the product.  

Personal  importation
 Individuals may personally import an unapproved 
therapeutic product by either bringing the goods with 
them as they enter Australia or arranging for someone 
outside Australia to send the goods to them. Personal 
importation may only be used for that person or their 
immediate family (i.e. the goods may not be given or 
sold to another person). Furthermore, the quantity 
that may be imported is restricted to 3 months ’  
supply at one time and a total of 15 months ’  supply 
in a 12 - month period at the manufacturer ’ s recom-
mended maximum dosage. 

 If a prescription medicine is to be imported in this 
way, the importer must have a prescription from 
a medical practitioner, unless the goods are being 
carried with the person. Certain medicines may not be 
imported under the personal importation provisions, 

and conduct of research in Australia. The World 
Medical Association Declaration of Helsinki is men-
tioned in the preamble to the National Statement. 
AHEC has also advised HRECs that wherever there is 
doubt regarding the interpretation and application 
of various ethical guidelines, the National Statement 
takes precedence. 

 The clinical trial guidelines published by the TGA 
specify that all clinical trials must be conducted in 
accordance with the Declaration of Helsinki.  

Clinical trial compensation guidelines and indemnity
 In order to promote a uniform approach to offering 
compensation to subjects and indemnity to inves-
tigators and institutions conducting clinical trials, 
Medicines Australia published a Form of Indemnity 
for Clinical Trials and Guidelines for Compensa -
tion for Injury Resulting from Participation in a 
Company - Sponsored Clinical Trial. These docu-
ments are based on those published by the Associa-
tion of the British Pharmaceutical Industry and are 
available from the Medicines Australia website ( www.
medicinesaustralia.com.au ). 

 Medicines Australia has also developed a Form of 
Indemnity for Clinical Trials for HREC Review Only, 
for use where the indemnifi ed party is providing 
HREC review only of the study.  

Special Access Scheme
 The SAS allows for the import and supply of an 
unapproved therapeutic product to an individual 
patient on a case - by - case basis. The scheme envisages 
two categories of patients: Category A patients, who 
are defi ned in the regulations as  ‘ persons who are 
seriously ill with a condition from which death is 
reasonably likely to occur within a matter of months, 
or from which premature death is reasonably likely 
to occur in the absence of early treatment ’ ; and 
Category B, all other patients. A medical practitioner 
can supply an unapproved product to a Category 
A patient without the approval of the TGA, but 
must inform the TGA within 4 weeks following 
supply. Thus, no prior approval is required from 
the TGA. 

 For Category B patients, individual approval for 
each patient must be obtained from a TGA delegate 
or a delegate outside the TGA referred to as an exter-
nal delegate. Classifi cation of a patient as Category A 
or B lies with the medical practitioner. However, the 
TGA may review, seek clarifi cation and request infor-
mation regarding the classifi cation of patients under 
Category A. 
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making scheduling decisions. The National Drugs 
and Poisons Scheduling Committee was replaced by 
the Advisory Committee on Medicines Scheduling 
and the Advisory Committee on Chemicals Schedul-
ing. These two statutory expert advisoy committees 
provide advice and make recommendations to the 
Secretary or the delegate on the level of access 
required to chemicals and medicines. Access to the 
substances listed in the SUSMP is usually restricted 
for a number of reasons, including toxicity, safety and 
the risks and benefi ts associated with the use of the 
product. 

 Medicines that are not scheduled in the SUSMP 
can be sold through any distribution outlet, such 
as a supermarket or health food store. Examples of 
medicines that are unscheduled include small packs 
of simple pain relievers, and most vitamins and 
minerals.  

Labels and packaging
 The labels of medicines are required to conform 
to Therapeutic Goods Order (TGO) 69: General 
Requirements for Labels for Medicines, except for 
goods solely for export or for use in clinical trials. The 
requirements include names and quantities of active 
ingredients, dosage form, batch number, expiry 
date, the registration or listing number (AUST - R or 
AUST - L number, respectively), identifi cation of inac-
tive ingredients, what labelling is adequate for special 
packs and small containers, and letter size and addi-
tional requirements in particular circumstances. 

 In addition, labels for medicines must also conform 
to requirements for labelling according to State and 
Territory jurisdictional demands. These are described 
in the SUSMP and the Required Advisory Statements 
for Medicine Labels documents. Non - prescription 
medicines must, in addition, comply with TGO 69A, 
which introduced performance - based labelling from 
1 July 2004. Products with labels that have been 
designed in accordance with the industry code of 
practice, Labelling Code of Practice: Designing 
Usable Non - prescription Medicine Labels for Con-
sumers, should achieve this aim. Further amend-
ments to this TGO include TGO 69B and TGO69C 
which update the defi nition of Required Advisory 
Statements for Medicine Labels and include specifi c 
non - prescription medicines subclauses. TGO 69, 
TGO 69A, B, C and Required Advisory Statements for 
Medicine Labels are available on the TGA website. 

 Certain medicines considered to have a high risk 
of poisoning children must be packaged in child -
 resistant packaging. The specifi ed medicines and 

including drugs of abuse, such as narcotics, ampheta-
mines and psychotropic substances, and anabolic 
substances, androgenic steroids and treatments for 
alcohol and drug addiction. There are also controls 
over certain other medicines including erythropoie-
tin, growth hormones and gonadotrophins. 

 An individual cannot import injections that 
contain substances of human or animal origin (except 
insulin) without an SAS approval. The TGA considers 
that these injections represent a high risk from inad-
equately or improperly prepared materials (including 
a lack of sterility) and therefore approvals will only 
be granted to the supervising physician.    

Presentation 

 Under the Therapeutic Goods Act, presentation 
means the way in which the goods are presented for 
supply, and includes matters relating to the name of 
the goods, the labelling and packaging of the goods, 
and any advertising or other informational material 
associated with the goods. The term label refers to the 
display of printed information on, or supplied with, 
the goods and their packaging, rather than the 
broader meaning applied in the USA, which includes 
approved uses of the product. Labels fall within the 
defi nition of advertising. 

Standard for the  Uniform Scheduling of 
Medicines and Poisons
 The SUSMP lists drugs and poisons according to the 
recommended restrictions on their availability to the 
public. The categories of the SUSMP most relevant to 
medicines on the ARTG are as follow:
    •       Schedule 8   –  controlled drugs (e.g. strong analge-
sics, such as morphine);  
   •       Schedule 4   –  prescription only medicines;  
   •       Schedule 3   –  non - prescription medicines for supply 
by pharmacists only; and  
   •       Schedule 2   –  non - prescription medicines the safe 
use of which may require advice from a pharmacist.    
 Schedules 5 and 6 of the SUSMP also include some 
therapeutic products, such as head lice preparations 
and some essential oils. 

 Until June 2010 scheduling decisions were made by 
the National Drugs and Poisons Scheduling Commit-
tee, comprising members of the State and Territory 
health departments and technical experts. Under 
amendments made in 2009 to the Therapeutic Goods 
Act, the Secretary to the Department of Health, or a 
delegate of the Secretary, are now responsible for 
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Manufacturers making unqualifi ed statements about 
country of origin, such as  ‘ Made in    . . .  ’  must be 
able to demonstrate substantial transformation and 
exceed a 50% production costs threshold. They there-
fore tend to use qualifi ed claims, such as  ‘ Made in 
Australia from local and imported ingredients ’ , to 
ensure that labels are not misleading or deceptive.  

Advertising
 The Therapeutic Goods Act and Regulations, Com-
petition and Consumer Act, and State legislation all 
contain sections relating to the promotion of thera-
peutic goods. In particular, the Therapeutic Goods 
Act specifi es that advertising of a therapeutic good 
can only refer to the approved indications for that 
good. 

 Prescription medicines may only be advertised 
to health care professionals  –  they may not be adver-
tised to consumers. Advertisements of prescription 
medicines directed at health care professionals are 
regulated under a self - regulatory code of conduct 
administered by Medicines Australia. First published 
in 1960, it includes standards for appropriate adver-
tising, the behaviour of medical representatives and 
relationships with health care professionals. The 
current edition (16th) of the Medicines Australia 
Code of Conduct is available from the Medicines 
Australia website and review of the Code for the 17th 
edition is underway. 

 Since July 2007, members of Medicines Australia 
have been required, under the Code of Conduct, to 
provide 6 - monthly reports detailing prescribed infor-
mation about all educational events conducted or 
sponsored by member companies. This information 
is published on the Medicines Australia website. The 
annual report of the outcome of all complaints con-
sidered by the code of conduct committee is also 
published on the website. 

 The Therapeutic Goods Advertising Code cur-
rently forms the basis for determining the acceptabil-
ity of advertisements for therapeutic goods directed 
to consumers. All advertisements for therapeutic 
goods directed to consumers, published or broadcast 
in mainstream (designated) media, must be approved 
before publication or broadcast. The Minister for 
Health has delegated this responsibility to the 
Australian Self - Medication Industry and the Com-
plementary Healthcare Council. Complaints about 
advertisements in specifi ed media, such as broadcast 
media and magazines, may be subject to complaints 
under the Therapeutic Goods Advertising Code, even 
if they have been approved before publication. 

acceptable types of packaging are described in TGO 
80: Child - Resistant Packaging Requirements for 
Medicines. 

 Evaluation areas within the TGA responsible for 
the different categories of registered medicines make 
recommendations on the labelling of individual 
products as part of the registration process. Listed 
medicines are entered into the ARTG with a declara-
tion from the sponsor that they meet the relevant 
standards and advertising requirements, and have 
acceptable presentations. Labels are not examined at 
the time of listing, but may be assessed following 
listing either as a result of a random review or if a 
problem arises. 

 Following considerable consumer and other stake-
holder concerns regarding the number of potentially 
avoidable medication errors has raised the topic of 
adequate labelling and packaging to a national level. 
In October 2011 the TGA announced a comprehen-
sive review of packaging and labelling standards and 
have convened an external reference group to advise 
on future proposals. The aim of the review is to incor-
porate best practice into the standards with the ulti-
mate goal of improving understanding of medicines 
information contained on a label and reduce avoid-
able medication errors. A discussion paper and public 
consultation are scheduled in 2012. Further informa-
tion on this review is available on the TGA website at 
 www.tga.gov.au .  

Country of origin
 Country of origin is generally not indicated on the 
labels of therapeutic goods marketed in Australia. As 
prescription medicines are prescribed by a medical 
practitioner rather than purchased  ‘ off the shelf  ’  
by the consumer, there is generally little incentive 
to convey origin information. Where manufacturers 
choose to do so, they must comply with State Fair 
Trading Acts, and the Commonwealth Competition 
and Consumer Act 2010 (Formerly the Trade Prac-
tices Act 1974). 

 Prior to December 1994, an  ‘ essential character ’  
test, was used to determine the validity of country 
of origin claims, in the context of Sections 52 and 
53(eb) of the Trade Practices Act 1974 in relation 
to false or misleading statements. However, in 1994 
the Federal Court handed down a decision that 
effectively rejected the essential character test and 
created uncertainty about outcomes of future cases in 
this area. 

 In 1998, the Trade Practices Amendment (Country 
of Origin Representations) Act 1998 came into force. 
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taken to examine the public health response. The 
 ‘ Stokes Report ’  compiled by Professor Bryant Stokes 
made a number of criticisms of the State and national 
handling of the issue. The Parliamentary Secretary for 
Health subsequently requested that Professor John 
Horvath (former CMO) undertake an independent 
review of the national response to adverse events fol-
lowing immunisation resulting in this suspension of 
seasonal fl u vaccination for children in Australia. 

 The Horvath Review made seven recommenda-
tions for the improvement of adverse event monitor-
ing following immunisation. A copy of the Horvath 
Review is available on the the Department of Health ’ s 
Immunise Australia website. Recommendation 6 of 
the Horvath Review was referred to the Transparency 
Review Panel for consideration and is refl ected in 
recommendations 19, 20 and 21 of that review.  

TGA blueprint for reform
 In December 2011 the Parliamentary Secretary for 
Health announced the release of the  TGA Reforms: a 
blueprint for TGA ’ s future , which identifi es a proposed 
package of reforms to be progressed by the TGA fol-
lowing assessment of the recommendations of the 
several reviews undertaken in the last 2 years. The 
government has drawn together the work to be con-
ducted in stages over the next 4 years. The blueprint 
for reform identifi es the recommendations from each 
of the reviews that have been agreed or have received 
in principle agreement for implementation, and 
highlights those recommendations that are currently 
not supported. The government has agreed (or pro-
vided in principle agreement) to all 21 recommenda-
tions of the Transparency Review. However, key 
recommendations from the Working Group on Pro-
motion of Therapeutic Goods were not supported as 
proposed and further work is required. A copy of the 
document is available on the TGA website. This 
ambitious reform programme, alongside the estab-
lishment of the ANZTPA, will require considerable 
commitment from industry and the TGA over the 
coming years.   

Patents 

 The Patents Act 1990 conveys a 20 - year standard term 
of patent protection. From July 1999, holders of 
patents for a pharmaceutical substance have been 
permitted to apply for an extension beyond the 
standard term, as long as the application is made 
within 6 months of the fi rst marketing approval 

 The non - prescription, complementary medicines 
and medical devices industry are also subject to 
broader industry - specifi c codes of practice, including 
relations with health care professionals, under codes 
administered by Australian Self - Medication Industry, 
Complementary Healthcare Council and the Medical 
Technology Association of Australia, respectively. In 
2010 the TGA conducted a broad consultation on 
proposed amendments to the arrangements for the 
regulation of therapeutic goods advertisements. At 
the same time in 2010 the Department of Health 
released a position paper on the Promotion of Thera-
peutic Goods. The Department established a working 
group comprising industry stakeholders, health pro-
fessional organisations and consumers to develop a 
set of high level principles for self - regulation of pro-
motion of therapeutic goods. The Working Group on 
Promotion of Therapeutic Goods made a number of 
recommendations to improve the consistency across 
industry codes of practice and to strengthen industry 
adherence to these codes.  

Transparency 
 Furthermore, in 2010, the Parliamentary Secretary 
for Health announced a comprehensive review of the 
way in which the TGA communicates its regulatory 
processes and decisions because of community con-
cerns at the lack of transparency from the TGA. 
An expert panel comprising industry stakeholders, 
health care professionals, consumer organisations 
and chaired by Professor Dennis Pearce AO, reviewed 
over 100 submissions from interested parties and 
conducted several public consultations. The fi nal 
report of the transparency review was made public in 
July 2011 and is available from the TGA website. The 
report makes 21 recommendations aimed at improv-
ing the transparency of the TGA regulatory and 
decision - making activities. It is as acknowledged that 
there is a notable global appetite for greater transpar-
ency of regulatory processes in the other major juris-
dictions. Implementation of the recommendations 
will require considerable industry consultation and 
contribution and could result in signifi cant proposed 
fee changes under the TGA ’ s 100% cost - recovery 
model.  

Horvath Review
 In 2010 the Chief Medical Offi cer of Australia sus-
pended the use of seasonal infl uenza vaccines for 
children under the age of 5, following a cluster of 
febrile convulsions in this age group identifi ed in 
Western Australia. A ministerial review was under-
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expected to be released in 2011. The OTC Products 
Application Lodgement system enables electronic 
lodgement of applications for inclusion of OTC 
products in the ARTG, although a hard copy data 
package is also still required to be submitted. Further 
details are available from the TGA website. 

 Complementary medicines are most frequently 
listed rather than registered, but this depends on the 
ingredients and claims made. The Guidelines for 
Levels and Kinds of Evidence to Support Indications 
and Claims was developed to assist sponsors in deter-
mining the appropriate evidence to support indica-
tions and claims made in relation to complementary 
medicines, sunscreens and other listable medicines, 
and is available from the TGA website. The Australian 
Regulatory Guidelines for Complementary Medi-
cines contain further advice. The Advisory Commit-
tee on Complementary Medicines provides scientifi c 
and policy advice relating to controls on the supply 
and use of complementary medicines, with particular 
reference to the quality and safety of products and, 
where appropriate, effi cacy relating to the claims 
made. Approximately 25% of medicines listed in the 
ARTG via the electronic listing facility  –  without the 
need for premarket evaluation of substantiating evi-
dence  –  are randomly selected by the TGA for a 
review of their labels, product specifi cations and the 
summary of supporting evidence held by the sponsor. 

 The appropriateness of the current risk - based 
approach to the regulation of medicines is under 
increased scrutiny  –  especially that claims may be 
made for listable therapeutic goods without prior 
evaluation of substantiating evidence. A product ’ s 
principal use and the claims made are also key deter-
minants of whether it is deemed to be a medicine or 
a food, or a medicine or a cosmetic. Guidance on 
these distinctions is available from the TGA website.  

Medical devices

 The Therapeutic Device Programme was established 
in 1984. In 1987, the Customs (Prohibited Imports) 
Regulations were amended to require the Department 
of Health ’ s approval before devices in fi ve  ‘ designated ’  
categories could be imported, and the Therapeutic 
Device Evaluation Committee (now the Advisory 
Committee on Medical Devices) was established. The 
Commonwealth Government gradually introduced 
the regulatory requirements for devices akin to those 
for medicines, especially where higher risks were asso-
ciated to their use. These include formal guidelines for 

(inclusion in the ARTG) of a pharmaceutical product 
containing the substance. The extension granted 
may be for no more than 5 years and will permit 
a maximum of 15 years ’  protection after marketing 
approval. Sponsors of generic products containing 
that substance are permitted to undertake certain 
preparatory activities, known as  ‘ springboarding ’ , 
within the patent period. Recent Federal Court deci-
sions have clarifi ed the limitations of patent exten-
sion, to strictly interpret what is meant by fi rst 
inclusion of a product containing the substance in the 
ARTG to include inclusion in the export - only section 
of the ARTG and what is meant by the phrase  ‘ con-
taining the substance ’ . 

 The AUSFTA required amendment of the Thera-
peutic Goods Act to ensure that a generic manufac-
turer is not able to enter the market with a generic 
version of a medicine before a patent covering that 
product has expired. Applicants registering a generic 
medicine are required to provide a certifi cate to the 
Secretary of the Department of Health (effectively the 
TGA) stating either that they believe that the generic 
medicine would not infringe a valid patent or that 
they have given notice to the patent holder that they 
propose to market the generic medicine before the 
end of the patent term. These amendments com-
menced when the AUSFTA came into force on 1 
January 2005. 

 Prior to passing the Implementation Bill, the 
federal opposition successfully argued for certain 
further amendments to the Therapeutic Goods Act 
that impose signifi cant penalties on patent holders 
(up to A$10 million) if they commence proceedings 
under the Patents Act 1990 against a generic manu-
facturer unless they are to be commenced in good 
faith, have reasonable prospects of success and will be 
commenced without reasonable delay.  

Non-prescription  medicines and 
complementary medicines

 Non - prescription or OTC medicines are considered 
to be  ‘ low risk ’  in comparison with prescription med-
icines. They are evaluated for quality, safety and effi -
cacy by the TGA and the Advisory Committee on 
Non - prescription Medicines, in accordance with the 
Australian Regulatory Guidelines for OTC Medicines, 
1 July 2003 before they may be registered on the 
ARTG. The Australian Regulatory Guidelines for 
OTC Medicines has been comprehensively reviewed 
between 2008 and 2010. The updated guideline is 
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2009 and the Commonwealth Governments 2010 
HTA review. 

 The regulatory requirements for medical devices 
are provided in the Australian Regulatory Guidelines 
for Medical Devices released in May 2011. Current 
details of the regulation of medical devices and diag-
nostics in Australia may be obtained through the 
TGA website. Further review and refi nement of the 
Medical Devices regulatory framework is anticipated 
following recent problems identifi ed with implanta-
ble hip replacements. The details of ongoing regula-
tory reform in medical devices are also available on 
the TGA website. 

 The TGA have also introduced regulatory frame-
works for IVDs and Biologicals (human tissues and 
cellular therapies), to be harmonised with interna-
tional best practice. Guidelines on these regulatory 
requirements are available on the TGA website. In 
relation to the manufacture of medical devices, the 
TGA accepts its own conformity assessment certifi -
cate, certifi cates of conformity issued under the MRA 
with the EC, and EC certifi cates issued by a EU 
Notifi ed Body under the EU Medical Devices Direc-
tive 93/42/EEC or EU Active Implantable Medical 
Devices Directive 90/385/EEC, but does not accept an 
International Standards Organisation 13485 compli-
ance certifi cate (because it does not provide assur-
ance that the Australian requirements have been 
taken into consideration) nor a certifi cate from the 
FDA (because it has been issued against different 
auditing criteria to that required by the Australian 
legislation).  
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marketing and clinical trial applications, GMP re -
quirements and an adverse event reporting scheme. 
However, Therapeutic Device Evaluation Committee 
was not as involved as ADEC in considering individ-
ual marketing applications. 

 When the Therapeutic Goods Act came into effect, 
most therapeutic devices were classifi ed as listable 
goods. Registrable devices include implantable 
devices, biomaterials, intraocular lenses and fl uids, 
intrauterine and other contraceptive devices, and 
drug infusion systems. 

 An MRA on standards and conformity assessment 
between Australia and the EC came into effect from 
1999, covering eight industry sectors including GMP 
inspection and batch certifi cation of medicinal prod-
ucts, and conformity assessment of medical devices. 

 The EC MRA applied to medical devices manufac-
tured in the EC, Australia and New Zealand. It rec-
ognised the competence of designated conformity 
assessment bodies in the EC to undertake conformity 
assessment of medical devices to Australian regula-
tory requirements, and the competence of the TGA 
to undertake assessment of medical devices for com-
pliance with the requirements for certifi cation (CE 
marking) for entry onto the EC market. 

 Devices incorporating animal - derived tissues, 
radioactive materials, IVDs manufactured in other 
countries, such as the USA (even those devices that 
have CE marking) were excluded. 

 New procedures came into effect in October 2002. 
The Commonwealth Therapeutic Goods Amend-
ment (Medical Devices) Act 2002 and the Thera-
peutic Goods (Medical Devices) Regulations 2002 
introduced new harmonised requirements, which 
classifi ed medical devices as falling into one of fi ve 
classes  –  I, IIa, IIb, III and active implantable medical 
devices, based on intended use, level of risk and the 
degree of invasiveness in the human body. All medical 
devices already included in the ARTG as registered or 
listed devices had until October 2007 to comply with 
the new requirements. If a product was required to 
be transitioned and its sponsor did not lodge an effec-
tive application for inclusion in the ARTG or for TGA 
Conformity Assessment certifi cation by 3 October 
2007, the product was taken to have been cancelled 
from the ARTG on 4 October 2007 for the purposes 
of determining the legality of supply of that product. 

 In 2010 the TGA conducted further consultation 
on the regulatory frameworks for Medical Devices 
following two previous consultations in 2008 and 
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29  An Introduction to  l ife  c ycle 
 m anagement of  m edicines  
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Introduction 

 Life cycle management (LCM) in pharmaceuticals 
can be defi ned as maximising the value of a drug 
throughout its commercial and development life. 
While the product LCM paradigm has been well 
established in the literature for many years  [1] , only 
in relatively recent years has the term life cycle man-
agement become a well - known feature of the phar-
maceutical industry, as it has started actively applying 
the principles in the management of medicines in 
their portfolios. A reduction in the productivity of 
research and development pipelines and the rising 
costs of development, increased competition and 
shortened periods of exclusivity have placed even 
greater emphasis on LCM as a means of maximising 
the return on investment. 

 The need for LCM increased in importance in 1984 
with the US Drug Price Competition and Patent Term 
Restoration Act, informally known as the Hatch –
 Waxman Act, which standardised US procedures 
for recognition of generic drugs. Prior to this date 
a generic manufacturer was subjected to almost the 
same approval process as those of new drugs includ-
ing the performance of expensive clinical trials. As a 
result few companies introduced generic drugs prior 
to 1984. The Hatch – Waxman Act improved the likeli-
hood of a generic manufacturer being able to develop 
a medicine in several ways  [2] .

    •      It allowed potential generic manufacturers to 
conduct work related to marketing approval of the 
drug without the charge of patent infringement.  
   •      It permitted generic manufacturers to use safety 
and effi cacy research performed by the brand - named 
pharmaceutical companies.  
   •      It introduced the concept of bioequivalence to 
obtain the approval of the generic drug, and simpli-
fi ed generic drug approval by introducing an abbrevi-
ated New Drug Application (ANDA).  
   •      It encouraged patent challenges by providing 180 -
 day market exclusivity for the fi rst generic manufac-
turer who fi les an ANDA.    

 The Act also provided innovative companies with 
additional market exclusivity  [3]  for new uses of a 
drug, for new formulations (see later) and also 
extended the patent life of a pharmaceutical up to 14 
years from the approval of the US New Drug Applica-
tion (NDA).  

 However, the big winners were the generic compa-
nies. Since that date these companies have become 
more sophisticated, now often challenge patents and 
enter the market earlier and sometimes even prior to 
loss of market exclusivity. Within countries such as 
the UK the infl uence of payers and decision - makers 
beyond the clinic have demanded increasing cost -
 effectiveness and actively encouraged the use of 
generics post - patent and also before loss of exclusiv-
ity. In 2010, in the UK, the level of generic prescribing 
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principles at a very early stage in a product ’ s develop-
ment and consider a broad range of technical and 
commercial options to create integrated pre - launch 
marketing (PLM) strategies. Who should be at the 
table (Figure  29.1 )? A therapy area focused, cross -
 functional team is a key element for success of LCM 
in a pharmaceutical company. It is not enough merely 
to choose a team. Meetings should be established on 
a regular basis, so that everyone on the team is aware 
of issues that arise in each person ’ s area of expertise, 
and to address how those issues impact the product.   

 On average, the vast majority of profi ts for a typical 
branded pharmaceutical are realised during a 5 -  
to 8 - year period of market exclusivity. With higher 
hurdles required for marketing and access approval 
and sharp generic competition, this period of highest 
profi tability is shrinking at an alarming rate, making 
it imperative for the brand owner to have a plan of 
defence as early in the process as possible. It is there-
fore essential that companies establish early on a 
road - map to chart the progress and failure of a mol-
ecule to optimise its full therapeutic potential and 
also understand the competitors ’  progress within the 
same space. These  ‘ threshold for advancement ’  dis-
cussions happen earlier and earlier in the develop-
ment of a medicine, sometimes starting before the 
molecule is out of the discovery lab. In addition, the 
road - map and the clear progression points also allow 
for ongoing discussions throughout development 
about formulation issues, line extensions to make a 
medicine more useful and better tolerated. For this to 
work it is essential that commercial (medical affairs 
and marketing) colleagues work with development 
and discovery scientists from an early stage. Increas-
ingly,  ‘ cross - functional ’  life cycle therapeutic teams 

had reached 82.7%  [4] . It is therefore not at all sur-
prising that companies are increasingly having to use 
LCM strategies to try to protect their current and 
future investments.  

  The  l ife  c ycle  m anagement  t eam and 
the  i mportance of  v alue 

 A great deal has been written by academics, manage-
ment consultants  [5]  and others about the require-
ments for successful LCM in companies  [6] . In one 
of the best reviews written in recent years  [5] , a survey 
of companies identifi ed that the strongest LCM plans 
were, unsurprisingly, developed by companies who 
knew their customers best and therefore understood 
their needs. Because of this they are more able to 
make better decisions at the right time about their 
portfolio which is really the essence of good LCM. 
As will be shown below it is sometimes necessary to 
stop investments rather than persevere with expen-
sive development programmes and only by applying 
a consistent process but, more importantly, encour-
aging a  ‘ blame - free ’  culture in companies can good 
discussions happen and good decisions be made. 
Increasingly, the market environment forces a macro 
cross - functional or holistic view of LCM. 

 The best LCM practitioners develop strategies for 
three phases of a product ’ s life cycle: pre - launch; peak 
(launch to 2 years prior to patent expiration); and 
maturity (2 years prior to patent expiration and 
beyond). The planning period in the pre - launch 
phase is the time to ask:  ‘ How can we maximise the 
revenue potential of our product, especially during 
market exclusivity? ’  So, today ’ s LCM colleagues apply 

     Figure 29.1     Cross - functional life cyle 
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ditional focus on safety and effi cacy for new chemical 
entity (NCE) regulatory fi lings has over recent years 
been supplanted by the increasing need for effective-
ness data. This has been driven by infl uencial reim-
bursement bodies, such as the National Institute for 
Health and Clinical Excellence in the UK, and has had 
an impact on companies ’  PLM strategies.   

 This is crucially important, as ongoing debates in 
the pharmaceutical sector about the need to protect 
intellectual property, to manage pricing and reim-
bursement, and to support public research invest-
ments have a common denominator: the pursuit of 
innovation. However, there is little clarity about what 
constitutes a true pharmaceutical innovation, and as 
a result there is confusion about what kind of new 
products should be pursued, protected and encour-
aged through health policy and clinical practice. 

 Some commentators argue that pharmaceutical 
products have no intrinsic value to patients or to 
society; rather, their value lies in the health outcomes 
they generate. Pharmaceuticals are licensed for sale 
on the basis of whether they address a health care 
need safely and effi caciously, not because patients 
might have preferences concerning their shape, 
colour, taste or brand. Although characteristics such 
as shape, colour, taste or brand may have a role in 
improving health outcomes (and are often discussed 
as part of a LCM plan)  –  perhaps by increasing treat-
ment adherence  –  increasingly it is the measurable 
improvements in health outcomes that generate value 
for society. 

are breaking down the traditional pharmaceutical 
siloes. Key considerations that are discussed at this 
stage include proactive partnering or divestiture (for 
example, to gain access to an optimal marketing 
channel at launch), initial product formulations, 
clinical indications and labelling, a publications strat-
egy and, of course, pricing. 

 The growth in importance of stratifi ed (personal-
ized) medicines means that biomarkers and diagnos-
tics that will help identify the patient with the greatest 
chance of responding favourably to the medicine are 
also being brought more into life cycle discussions at 
an early stage. In addition, colleagues with an interest 
in pharmacogenomics can add real value early in dis-
cussions that attempt to elucidate a population 
subtype or phenotype that is most attractive to the 
biological activity of the molecule. Science is moving 
fast and some commentators claim that most if not 
all  ‘ diseases ’  currently diagnosed will be diagnosed 
very differently as medicine moves forward. As per-
sonalised medicine develops the chance of increased 
effi cacy and improved  ‘ off target ’  tolerability issues 
will materialise and therefore it is key that decisions 
about value are discussed actively and early with the 
LCM team for an asset or a portfolio of assets. There-
fore, a relatively recent and increasingly infl uential 
addition to these cross - functional therapeutic teams 
is the company heath economist and/or market access 
department. This refl ects the modern reality of the 
importance of the payer ’ s needs in PLM discussions 
before a medicine is licensed (Figure  29.2 ). The tra-

     Figure 29.2     Key stakeholders and their requirements at time of launch of a new medicine.  Adapted from Eichler HG, 

Bloechl - Daum B, Abadie E, et al. Relative effi cacy of drugs: an emerging issue between regulatory agencies and third-party 

payers. Nat Rev Drug Discov. 2010;9:277 – 91  and reproduced with kind permission of  Nature Discovery   [7] .  
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 So it is clear that in the pre - launch period, life cycle 
cross - functional planning often provides the best 
opportunity to assess a medicine ’ s short and long -
 term potential for return on investment as stated 
above and the importance of market access must be 
included in discussions. Put simply, if a development 
compound is not in a true area of unmet need, or if 
it unlikely to demonstrate superior effi cacy, tolerabil-
ity and overall effectiveness against medicines already 
in or closer to the relevant market, then part of the 
LCM team ’ s role is to have discussions on investment 
decisions with management. This is easier said than 
done of course, and pipeline decisions are notori-
ously diffi cult, but when an LCM strategy is required 
for a portfolio it is important that the discussions 
happen often as the data and information required 
for these decisions are patchy at best.  

Life cycle strategies 

 A wide range of LCM strategies exist to maximise the 
return on investment during the patent protected 
period and afterwards when there is generic challenge 
 [8,9] . The road map discussed earlier is a dynamic 
document that is updated throughout the drug ’ s life 
cycle and will act as a check if appropriate plans are 
in place. The strategies include indication expansion, 
fi xed - dose combinations, reformulations, generic 
investments, regulatory and/or legal strategies. Over -
 the - counter (OTC) switch strategies and divestiture 
and will be considered later in more detail. Depend-
ing on the importance of the drug to a company ’ s 
overall portfolio, successful LCM plans normally 
implement a number of concurrent strategies.  

Second generation or 
reformulation of products 

 Reformulation of a product (sometimes called drug 
delivery) can provide market share protection via 
new patent coverage and market exclusivity, usually 
involving a change in dose form, dosing regimen, 
route of administration and/or drug chemistry. This 
remains the most popular and, arguably, the most 
effective way to prolong a product ’ s commercial life. 
The application of drug delivery technologies can 
provide companies with technological barriers to 
generics, as well as potentially offering increased fl ex-
ibility on labelling and even pricing. Additional 

 So, LCM discussions between the discovery, devel-
opment and commercial departments of a company 
now start early. This is vital as the  ‘ unmet need ’  and 
relative effectiveness are increasingly important so it 
is necessary to try to predict as early as possible into 
what therapeutic arena the new medicine will arrive. 
If there will be generic competitors in the market 
when a new drug arrives, the hurdles will be more 
diffi cult and comparative effectiveness analysis has 
an increasingly important role in positioning the 
product with payer organisations  –  institutional, gov-
ernmental and commercial  –  as it launches. 

 Another key part of the LCM team is the patent law 
department. From a legal perspective the fi rst patents 
are typically directed to the medicine itself  [4] . In the 
case of an NCE, the patentability of the process of 
preparing the NCE, the process of preparing interme-
diates and the physical and/or chemical characteris-
tics of the NCE may be considered. In addition, the 
patentability of the drug formulation and changes 
in formulation methodology (e.g. due to up - scale 
issues). Once the medicine is in phase I or II trials the 
LCM team should review the previous patent to 
ensure that the drug formulation is still covered effec-
tively. Again, the importance of protection of the 
medicine packaging and looking at potential combi-
nations with other drugs need to be considered. The 
point here is that good patent LCM is, like other 
aspects discussed, a highly dynamic process. Once the 
medicine is approved, the dynamism continues and 
it is recommended that the patent team is still actively 
involved with the LCM team. Discussions continue to 
assess further possibilities such as line extensions (e.g. 
new indications), new combinations, new routes of 
administration, as well as the manufacturing process 
and the testing of excipients that may be included to 
improve the characteristics of the dosage form. Also 
during the post - launch period the validity of patents 
are challenged and companies are increasingly pursu-
ing available legal avenues to protect their asset. For 
example, the Title II of the Hatch – Waxman Act 
granted companies patent extension of up to 5 years 
for products that lost patent life during the FDA ’ s 
regulatory review of the drug. The validity of such 
patents are being challenged to allow generic mole-
cules to launch ahead of patent expiry, and have 
considerably increased the size of pharmaceutical 
company ’ s legal departments. Such litigation is 
expensive and may damage relationships with exter-
nal stakeholders, both from a regulatory and a corpo-
rate reputation perspective. 
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mutual defence and benefi t. Historically, the strategy 
of introducing an FDC was a relatively attractive one 
for many companies. If the  ‘ new -  product ’  is launched 
with a new indication and the combination is not 
deemed obvious, the FDC may be viewed as an NCE 
and receive signifi cant market exclusivity. Protection 
may also be gained by combining the drugs in differ-
ent doses for a different population and should be 
explored as a strategy. 

 Increasingly, however, while there still may be 
 ‘ value ’  for patients with chronic diseases such as dia-
betes and hypertension from a dosing simplifi cation 
or reduction in pill burden perspective, this strategy 
increasingly questioned. It is important to under-
stand how the FDC might fi t into current practice, to 
see whether there are enough data to support the new 
doses, how the FDC will affect the single - drug usage 
and how it might be priced. FDCs are usually only 
protected by a formulation patent that surrounds 
the combination technology and also has the draw-
back of inevitable competition from the companies 
producing the individual components. These prod-
ucts are coming under increasingly heavy regulatory 
scrutiny and the bottom line is that for FDCs to be 
effective in today ’ s market, they must demonstrate 
strong clinical benefi ts over and above the individual 
drugs  [9] . There is also an inherent suspicion of the 
motives of such strategies (FDC, reformulations) by 
prescribers and payers and this may have a signifi cant 
adverse effect on company reputation which should 
be factored into the decision to move ahead with such 
an idea.  

Indication expansion

 Indication expansion (introduction of new indica-
tions or new dosages) is an technique used by phar-
maceutical companies to extend the patent life and 
increase market share. It is likely that with the regula-
tory plans for more progressive licensing the strategy 
of LCM will continue to be important  [10] . The indi-
cation extension plans will often start in the pre -
 launch period and will result in continuous research 
and development even after the product is launched. 
The need for strategic planning is clear and compa-
nies will often attempt to lead with an indication that 
allows fastest development (based on unmet need or 
lack of competition for clinical trials) but very much 
plan to add to the indications over the following 
years. In some companies data - mining of the litera-

patent protection of up to 3 years  [2]  can be added if 
the development involved clinical research. 

 More importantly, drug delivery can offer patient 
benefi t such as a reduction in dosing frequencies and 
side effects, and the development of optimal dosing 
forms for special populations such as the elderly or 
children. 

 According to industry estimates, from 2003 to 2005 
about 25% of all research and development molecu-
lar projects involved existing products and 17% of 
development projects involving new products used 
drug delivery technologies. From 2002 to 2005, more 
than one - third of the products launched by the top 
50 pharmaceutical companies were reformulations 
 [8] . Oral formulations will continue to be the delivery 
vehicle of choice, while use of pulmonary - delivered 
products, sustained - release injectable formulation 
and transdermal patches are also increasing  [9] . 

 The competitive threat has intensifi ed for reformu-
lations; however, with generic companies tracking 
the development of reformulation products closely 
and anticipating their launch. The rationale for a refor-
mulated product is scrutinised more thoroughly in 
today ’ s market. Clear differentiation from the original 
product and fi rst generation generics is required and is, 
ideally, backed by strong secondary patents. Reformu-
lations must be clearly justifi ed by clinical benefi ts 
for patients and doctors (e.g. effi cacy, reduced side 
effects and improved compliance) and/or pharmac-
oeconomics if they are to be adopted by payers and 
prescribers. With the maturing of the drug delivery 
sector, generic companies have access to a wide range 
of  ‘ me - too ’  formulation platforms, making sustained 
secondary protection diffi cult. Generic companies 
have traditionally adopted an aggressive legal stance 
against the secondary patent barriers raised by inno-
vators, and this trend will probably continue. As a 
result, the focus of reformulations has somewhat 
shifted away from incremental controlled - release style 
products toward more radical approaches for improved 
bioavailability and compliance, with the hopeful 
prospect of less severe generic competition. These 
strategies also require time and budget for research, 
authorisation and marketing and, in some countries, 
such as France, may not extend the patent  [2] .  

Fixed-dose combinations

 The development of fi xed dose combinations (FDC) 
is a trend that combines two branded products for 
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market share against other branded products and 
categories of drug within a particular therapeutic 
space, rather than a generic defence. With branded 
drugs worth billions of dollars coming off - patent 
each year, generic drugs have become a natural 
feature of the pharmaceutical scene. Companies take 
advantage of the patent protection period to build as 
strong a brand as possible in preparation for generic 
attack. 

 As the market has become more diffi cult, pharma-
ceutical companies facing patent expiry have con-
sidered either partnering with a generic company 
(authorised generics) in exchange for royalties, or 
introducing their own generic  [8] . Increasingly, phar-
maceutical companies have their own generic divi-
sions for this purpose. Novartis is an example of a 
branded pharmaceutical company with a  ‘ divested 
generic subsidiary ’ , Sandoz Ltd. The view is that man-
ufacturing is a discipline that the innovator company 
can maintain and can continue to be profi table. 
A licensed generic company (either stand - alone or 
part of a bigger holding company) can have prefer-
ential access to raw materials and manufacturing 
know - how, ahead of their competition. In the USA, 
granted through the Hatch – Waxman Act, the fi rst 
generic applicant challenging the patent is given an 
incentive of 180 days of market exclusivity either 
from the fi rst day of marketing or from the date of 
the court decision. This 180 - day period may deter 
other generic companies from entering the market 
and may also allow the possibility of the generic 
increasing market share at the expense of other 
branded medicines. In addition, because the prescrib-
ers generally have good knowledge of the medicine, 
the overall costs of advertising and promotion can be 
considerably reduced.  

Prescription to  over -the-counter
products 

 Many commentators think that pharmaceutical com-
panies, faced with the patent cliff and an innovation 
gap, should consider a strategic diversifi cation into 
consumer health care  [11]  to build sustainable 
revenue streams and extend the life cycle of their 
prescription products. The prescription to over the 
counter (OTC) switch is a strategic option for extend-
ing a product ’ s revenue stream for pharmaceutical 
companies. It can be a very helpful switch for patients 
and is consistent with the increasingly prevalent 
model of the consumer ’ s central role in health care 

ture and clinical data will determine where the clini-
cal development team goes next. In addition, as the 
biology of disease is more understood, the option to 
try even  ‘ targeted therapies ’  in other related disease 
areas is being explored. Because of the signifi cant 
investment in terms of time and money to investigate 
additional indications, many companies think it 
essential that an appropriate commercial assessment 
(including pricing and competitor assessment)  –  
sometimes called net projected value  –  is conducted 
as part of the decision - making process, particularly 
across the company ’ s portfolio of drugs. 

 This is important for the modern pharmaceutical 
company. The move from a reliance on a  ‘ blockbuster ’  
to a more balanced and diversifi ed portfolio has 
occurred in recent years and many companies are 
seeing that a move away from  ‘ blockbuster reliance ’  
to smaller, more profi table projects is effective from 
the perspective of time and resources. 

 There are now real incentives for companies to 
research the effectiveness of their medicines in chil-
dren as paediatric exclusivity extends existing  ‘ market 
exclusivity ’  by 6 months. All exclusivities granted 
by the Hatch – Waxman Act and patent exclusivity 
run concurrently. However, paediatric exclusivity 
is added to existing exclusivity periods and is not 
available for drugs without any exclusivity. There -
fore, this should be taken advantage of before any 
exclusivity is lost. In the EU, where the legislation has 
only relatively recently been enacted, this has already 
been shown to be benefi cial for patients and compa-
nies  [7] .  

Generic investment

 For many years maximising brand loyalty via market-
ing campaigns and research publications has been a 
mainstay tactic. However, the diverse regulations for 
advertising and for reimbursement of drugs in the 
major markets make this a challenge. Governments, 
regulators and payers are now changing the rules so 
that the post - patent defence of market share may be 
achieved through a range of strategic options but, in 
simple terms, the fi rst and most fundamental choice 
is whether to erect a brand defence against generics 
or whether to pre - empt them. The infl uence of payers 
toward rapid adoption of generics is impacting even 
the most capitalist markets. Strong branding may 
antagonise physicians, payers and regulators. Argua-
bly, brand marketing has effectively become a tactic 
focused on the peak phase of LCM to maximise 
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Conclusions

 The modern market for pharmaceuticals may be 
summarised as follows: shorter market exclusivity, 
rampant competition and increased pricing con-
straints. It is therefore essential that LCM is fully and 
cross - functionally integrated into business plans at 
an early stage. 

 The full array of LCM options must be thoroughly 
examined, debated and assisted by a complete under-
standing of the complex dynamics that will impact a 
medicine during its market life. As with most strate-
gic issues, it is essential that executive management 
drive the company culture to facilitate and, where 
appropriate, adopt these practices. LCM strategies 
must be considered and tailored to the specifi c 
product concerned and developed in the context of 
the company ’ s broader portfolio. Many drug - specifi c 
factors have an infl uence on the LCM options avail-
able to the brand owner. These include the drug ’ s 
pharmacokinetics, its safety and toxicity profi le, the 
type of disease being treated, the patient profi le 
that will benefi t most from the innovation and the 
profi le of the company that intends to market the 
medicine.  
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systems, taking more control over their health. It is 
also a potentially very value - adding business decision. 
For example, the former Sanofi  prescription allergy 
medicine Allegra was estimated in one publication 
to have the potential in an OTC presentation to 
reach 20 – 30% of the prescription revenue (Accenture 
report). In Europe, switching to OTC status in Europe 
has the advantage that the product can be advertised 
to patients (illegal for prescription drugs). The most 
suitable medicines are those for conditions that are 
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fi rm consumer health care opportunity can be identi-
fi ed. It is essential that the drug has a broad therapeu-
tic index, is non - addictive and easy to administer. In 
the USA, over 90 ingredients, indications or dosage 
strengths have made the switch from prescription to 
non - prescription status or have been newly approved 
since 1976. That translates to more than 700 OTC 
products on the market today. 

 To capture most of the value of such a switch it is 
vital that discussions internally and externally start 
early. It is certainly preferable from a marketing per-
spective to apply for switch before the patent expires 
on the prescription product. In order to to deliver a 
strategy like this is a need for signifi cant investment 
at a European Regulatory level and even then there is 
still considerable variation about country level inter-
ests in such an approach. Timing varies within 
Europe from 9 months in Germany to about 7 
months in the UK where the government has recently 
implemented an initiative focused on the role of the 
patient  [8] . In some European countries, such as 
France, there is no formal procedure for switching a 
prescription drug to an OTC one  [8] .  

Divestiture 

 This is the ultimate way that a company can choose 
to stop investment in a medicine at the end or at any 
point in its life cycle  [8] . Cutting research and pro-
motional expenses and selling the product or licens-
ing its manufacture may occur early in the life cycle 
or, more commonly, when a medicine faces direct 
competition from generics. These decisions may be 
made by companies for strategic reasons, or business -
 related reasons, to allow reinvestment in other parts 
of the portfolio. Divesting a product is an important 
decision and the company must be confi dent that it 
will gain no advantage from continuing to market the 
medicine itself after patent expiry.  
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Introduction 

 Medicines continue to be of real importance for the 
well - being of the population, improving human 
health. However, in order to do so, they need to 
be effi cacious, safe, cost - effective and of acceptable 
quality. Counterfeiting of medicines puts health at 
risk and erodes confi dence in medicines and the 
health care infrastructure. It is a highly technical and 
sophisticated criminal trade that causes direct harm 
to health, including deaths  [1,2] . The production of 
fake and substandard drugs is a vast and underre-
ported problem affecting mainly poorer countries, 
i.e. those in greatest need, although it is also a problem 
that is rapidly growing in developed ones, especially 
through online trade. Counterfeiting medicines is a 
highly profi table activity where criminal penalties are 
low, and this explains the involvement of organised 
crime in this activity.  

Defi nitions of  counterfeit, 
illegally diverted,  falsifi ed and 
substandard  drugs

 One of the main issues associated with the study and 
analysis of counterfeiting is the lack of widespread 
agreement on how to defi ne a counterfeit drug, which 
greatly hampers information exchange across coun-
tries and makes it diffi cult to understand the real 
extent of the problem at a global level  [3,4] . 

 Different countries have different defi nitions, em -
phasising that the nature and impact of counterfeit-
ing is different in different countries because of the 
broad spectrum of possible falsifi cations of drugs. 
Some countries ’  defi nitions do not distinguish coun-
terfeit from substandard drugs. This is particularly 
important in developing countries where the prob-
lems around the quality of the available medicines 
show a broad spectrum, ranging from an exact copy 
of a genuine product to a drug product with none of 
the active ingredient  [4] . 

 In the USA, for example, the defi nition of a coun-
terfeit drug in the Federal Food, Drug, and Cosmetic 
Act focuses mainly on fraud and deception towards 
the consumer by defi ning counterfeit drugs as:

  a drug which, or the containers or labelling of which, 

without authorization, bears the trademark, trade name, or 

other identifying mark, imprint, or device or any likeness 

thereof, of a drug manufacturer, processor, packer, or 

distributor other than the person or persons who in fact 

manufactured, processed, packed, or distributed such drug 

and which thereby falsely purports or is represented to 

be the product of, or to have been packed or distributed 

by, such other drug manufacturer, processor, packer, or dis-

tributor  [5] .   

 According to the US Food and Drug Administra-
tion (FDA), counterfeiting can apply to both brand 
name and generic products, where the identity of 
the source is mislabelled in a way that suggests that 
it is the authentic approved product. Counterfeit 
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and fraudulently mislabelled with respect to identity 
(including any misleading statement regarding name, 
composition, strength or other elements) or source 
(including any misleading statement with respect to 
manufacturer, country of manufacturing, country of 
origin, marketing authorisation holder or steps of 
distribution)  [8] . 

 According to this defi nition, counterfeiting can 
apply to both branded and generic products, but vio-
lations or disputes concerning patents must not be 
confused with counterfeiting of medical products, so 
medical products (whether generic or branded) that 
are not authorised for marketing in a given country 
but authorised elsewhere are not considered counter-
feit  [8] . This is an important nuance, since there have 
been several instances where generic drugs in transit 
through Europe to third countries have been seized 
by European authorities. This has lead to a World 
Trade Organization lawsuit, which is complicating 
any agreement on the development of a treaty aimed 
at criminalising counterfeiting  [3] . 

 Also, substandard batches of, or quality defects or 
non - compliance with Good Manufacturing Practices 
(GMP) or Good Distribution Practices in legitimate 
medical products must not be confused with coun-
terfeiting  [8] . 

 The quality of counterfeit products is completely 
unpredictable as they may contain the wrong amount 
of active ingredients, wrong ingredients/components, 
no active ingredients or fake packaging. In all cases, 
counterfeit medicines are manufactured secretly with 
no possibility of control, and give a false representa-
tion of its identity and/or source plus record keeping 
for traceability, pretending to have been assessed and 
approved by the competent regulatory authority and 
pretending to be a genuine product. The intention is 
to deceive by a fraudulent activity for profi t motives, 
disregarding public health and safety  [9] . The identi-
fi cation of these products is diffi cult because of the 
variety of the errors seen. Sometimes, samples have 
obvious printing errors on boxes, with misalignment 
of letters and words, differences in font and spelling 
mistakes, but highly sophisticated copies are also 
available that are hardly distinguishable from real 
copies, as shown in Figure  30.1 .   

 Another health care issue closely linked to coun-
terfeiting is the one caused by substandard medi -
cines. These are pharmaceutical products that do not 
meet quality standards and specifi cations neither at 
release nor throughout their shelf - life according to 
the requirement of the territory of use, which are 
reviewed, assessed and approved by the applicable 

products may include products without the active 
ingredient, with an insuffi cient or excessive quantity 
of the active ingredient, with the wrong active ingre-
dient or with fake packaging  [6] . 

 The European Union (EU) distinguishes between 
 ‘ falsifi ed ’  and  ‘ counterfeit ’  medicines, where falsifi ed 
medicines are those that mimic real medicines (i.e. 
those that contain ingredients of low quality or in the 
wrong doses, are deliberately and fraudulently misla-
belled with respect to their identity or source or have 
fake packaging, the wrong ingredients or low levels of 
the active ingredients), while counterfeit medicines 
are medicines that do not comply with intellectual 
property rights or that infringe trademark law  [7] . 

 In the Nigerian Counterfeit and Fake Drugs and 
Unwholesome Processed Foods Decree, the defi nition 
of a fake drug focuses on deception but also on false 
claims on effi cacy, or insuffi cient information for its 
use, by defi ning them as:

      •      Any drug product which is not what it purports to be; or  

   •      Any drug or drug product which is so coloured, coated, 

powdered or polished that the damage is concealed or which 

is made to appear to be better or of greater therapeutic value 

than it really is, which is not labelled in the prescribed 

manner or which label or container or anything accompany-

ing the drug bears any statement, design, or device which 

makes a false claim for the drug or which is false or mislead-

ing; or  

   •      Any drug or drug product whose container is so made, 

formed or fi lled as to be misleading; or  

   •      Any drug product whose label does not bear adequate 

directions for use and such adequate warning against use in 

those pathological conditions or by children where its use 

may be dangerous to health or against unsafe dosage or 

methods or duration of use; or  

   •      Any drug product, which is not registered by the Agency 

in accordance with the provisions of the Food, Drugs 

and Related Products (Registration, etc.) Decree 1993, as 

amended  [4] .      

 In the Philippines, the defi nition of counterfeit 
includes, in addition to those drugs manufactured 
with deliberate intention to deceive, unregistered 
imported drug products or drugs where quality is 
substandard by having an insuffi cient quantity of the 
active ingredient  [4] . 

 This heterogeneity led the World Health Organiza-
tion (WHO), through the International Medical 
Products Anti - Counterfeiting Taskforce (IMPACT), 
to develop what has turned to be the most widely 
quoted defi nition for counterfeit drugs. According to 
WHO, these are those medicines that are deliberately 
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aspirin tablets, worth $92,000, to sell them on the 
street  [13] . In spite of this, the FDA, the European 
Medicines Agency (EMA) and national regulatory 
agencies in Europe have addressed the issues around 
counterfeit medicines only relatively recently, because 
this was thought to be an issue that affected mainly 
countries in Africa and Asia. The problem was 
fi rst addressed at an international level in 1985 at 
the Conference of Experts on the Rational Use 
of Drugs in Nairobi, where it was recommended 
that WHO, together with other international and 
non - governmental organisations, should evaluate the 
establishment of a clearing - house to collect data and 
inform governments about the nature and extent of 
counterfeiting. Three years later, in 1988, the World 
Health Assembly requested the Director - General of 
WHO initiate programmes to detect and prevent the 
export, import and smuggling of counterfeit drugs 
through the resolution World Health Assembly 
(WHA) 41.16. In 1992, the fi rst international meeting 
on counterfeit drugs took place, organised by WHO, 
the Council for International Organizations of 
Medical Science and the International Federation of 
Pharmaceutical Manufacturers and Associations, and 
the fi rst attempt at a globally aligned defi nition of 
counterfeit drugs was released. In spite of this, by 
1992 it became obvious that the problem of counter-
feiting was increasing all over the world and also that 
countries could not fi ght counterfeit medicines in 
isolation, but instead needed to work together to 
track the incidence of counterfeits and the counter-
feiters themselves, as well as to encourage more effec-
tive legislation against counterfeit medicines. In 1994, 
several initiatives led by the WHO, from resolution 
WHA 47.13 were started. The resolution mandated 
the Director - General of WHO assist Member States 
in their efforts to ensure the quality of available medi-
cines and in combating the use of counterfeit medi-
cines to the establishment of IMPACT in 2006  [4,14]  
after several failed attempts to achieve international 
consensus on counterfeit medicines  [15] . IMPACT 
developed a defi nition for counterfeit drugs in 2008 
during its 3rd General Meeting in Hammamet, 
Tunisia. IMPACT also established several working 
groups to address specifi c topics in counterfeiting to 
enhance the ability of WHO Member Countries to 
identify and tackle trade in counterfeit medicines, 
and also collaborated successfully with enforcement 
agencies such as the International Criminal Police 
Organization (INTERPOL). However, IMPACT has 
also been frequently seen as controversial, primarily 
because of concerns from some Member States with 

national or regional medicines regulatory authority 
before the product is authorised for marketing  [10] . 
When this happens, the quality assurance standards 
and specifi cations that every legitimate pharmaceuti-
cal manufacturer must comply with have not been 
met, and quite often the manufacturing of these 
substandard drugs is parallel with counterfeit or falsi-
fi ed medicines, making a practical distinction very 
diffi cult. 

 Closely linked with these are those drugs that are 
illegally diverted from their initial channel. This 
happens when a genuine medicine approved and 
intended for distribution in one country is inter-
cepted illegally and sold in another country. These 
schemes are often achieved through the use of false 
statements or declarations and potentially hamper 
the storage conditions of the medicines, rendering 
them ineffective  [11] .  

History

 Counterfeiting is not a new phenomenon yet, for 
pharmaceuticals, it has only recently been formally 
recognised in Europe as a problem. The EU Com-
mission was fi rst warned about  ‘ fake drugs ’  being 
sold over the internet in 2006 and this was followed 
by an EU resolution on the counterfeiting of medi-
cines  [12] . 

 However, there are much earlier reports of coun-
terfeiting. For example, illegal copies of aspirin 
accounted for almost half of the total aspirin sold in 
the USA in 1909 and, in 1927, the  ‘  Aspirin Ring Gang  ’  
broke into a warehouse and stole over a million of 

Figure 30.1     Counterfeit Viagra ©  seized in Germany and 

genuine Viagra © .  (Reproduced with permission from 

Pfi zer.)   
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specifi c geographies. Unfortunately, many of these 
sources give only snapshots of a situation in a given 
time, which value is reduced to the establishment of 
trends given that counterfeiters show extraordinary 
fl exibility in adapting their methods to mimic prod-
ucts and prevent their detection  [19] . Often, counter-
feiters are extremely sophisticated in mimicking 
branded medicines, creating nearly identical package 
and pills, using false batch code information or even 
holograms, meaning that only about 5% of counter-
feited drugs can be identifi ed visually because of poor 
quality in the packaging or obvious differences with 
the original product  [20]  and making the identifi ca-
tion of fake drugs extremely diffi cult, even when 
retorting to sophisticated laboratory methods  [21] . 

 Sometimes, data come from laboratory testing of 
samples that determine the identity and content of 
the active ingredients, which makes it diffi cult to 
ascertain whether the samples are truly counterfeit 
(i.e. deliberately mislabelled products) or merely sub-
standard. Another barrier for detection and analysis 
is that governments and companies are often reluc-
tant to publicise problems with the quality supplied 
under the belief that making this information public 
will damage the trust of the public in medicines 
without averting the risks of counterfeits accessing 
the supply chain  [22] . 

 The manufacture of counterfeit medicines is a 
highly lucrative and safe, illegal business. Drugs have 
high value in relation to their bulk and their demand 
is highly signifi cant. In addition, ingredient costs can 
be very low if cheap substitutes are used or if these 
are omitted altogether, as is often the case. Producing 
counterfeit drugs may not require building huge 
infrastructure or facilities and overhead costs are neg-
ligible, as quality assurance or GMP standards are not 
met, as shown in Figure  30.2 . All this makes counter-
feiting a business with very high margins. When all 
these factors are complemented with lack of legisla-
tion and regulations for proper control of medicines 
that prevent counterfeiting of medicines from being 
treated as a crime, it is understood that counterfeiters 
are encouraged because there is limited risk from 
being apprehended and prosecuted. Hence, the rela-
tively low risk of detection (where detecting counter-
feit drugs often requires costly and sophisticated 
laboratory tests) and the low risk of prosecution com-
pared with the potential high fi nancial gains, plus the 
ability to use the internet to advertise and supply 
these products directly to patients and consumers 
around the world, has proven to be a safe and easy 
modus operandi for the criminals involved and has 

interests in generic trade, like China, India and Brazil. 
These countries claim that patent - infringing drugs 
could be included in the defi nition of counterfeiting, 
hereby hindering the export of genuine generics. This 
controversy prevented an intergovernmental group 
mandated by WHO in May 2010 from making spe-
cifi c recommendations to the 64th World Health 
Assembly convened in May 2011. It had been hoped 
that IMPACT would be able to make clear the WHO ’ s 
role in the prevention and control of medical prod-
ucts with compromised quality, safety and effi cacy 
from a public health perspective  [16] . 

 Such controversy and lack of agreement benefi ts 
counterfeiters, many of whom are linked to organised 
crime  [17] , with the consequence that they can con-
tinue with their trade while an international frame-
work to prevent counterfeiting struggles to be set. The 
continued absence of an international agreement 
on a defi nition of a counterfeit drug and an interna-
tional legal framework to make counterfeiting a 
crime means that counterfeiters still cannot be extra-
dited from one country to another or be prosecuted 
effectively for their transnational crimes  [3] .  

Scale of the problem 

 Counterfeit medicine is a truly global problem, where 
all countries of the world are affected either as source, 
transit or destination points. 

 The WHO estimates that 10% of the drugs avail-
able worldwide are fake, although the geographical 
distribution varies substantially, with about 1% of the 
drugs in the developed world and 30% of the market 
in Asia, Africa and Latin America being counterfeit 
 [18] . It is necessary to give context to these fi gures: in 
the developed world even a mere 1% of counterfeits 
still equates to millions of dispensed medications. In 
addition, the real fi gures are probably much higher 
given the ineffectiveness of the detection systems and 
police controls, as well as the diffi culties in detecting 
counterfeits unless they cause a dramatic event in the 
patient taking them. 

 Clearly, defi ning the extent of the problem beyond 
estimates is a diffi cult task for a number of reasons. 
There is a substantial variety of sources of infor-
mation and defi nitions, and this makes compiling 
reliable statistics a challenging task. Sources of infor-
mation come from regulatory agencies reports, 
seizure statistics from enforcement agencies, infor-
mation from pharmaceutical companies and non -
 governmental organisations and ad hoc studies in 
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 A survey undertaken by Pfi zer showed that Western 
Europeans spend around 10.5 billion on illegal medi-
cines, many of which are counterfeit, and that 50 –
 90% of medicines bought online are fake  [12] . A joint 
INTERPOL, WHO and World Customs Organization 
operation in 2008 resulted in the seizure of 16 million 
counterfeit HIV, anti - malarial, antibiotics and tuber-
culosis pills worth over $6.6 million  [26]  followed 
by several other operations targeting different geo-
graphical areas and online sales  [27] . A report from 
2007 showed a 51% increase from 2006 in the number 
of seized medicines by European customs, after 
having seen an increase from 2005 to 2006 of 384% 
 [28,29] . In fact, in 2009, the categories with the 
highest number of suspected articles detained were 
cigarettes, labels, tags and emblems and medicines 
(10% of the overall amount)  [30] , with the origin 
of these counterfeit drugs having moved from 
Switzerland, India and United Arab Emirates in 2007 
to India, China and Hong Kong in 2010  [31] . 
The Pharmaceutical Security Institute has published 
data on counterfeiting, illegal diversion and theft 
incidents for 9 consecutive years, which shows similar 
trends with a dramatic increase in incidents (Figure 
 30.3 )  [11] .   

 All these data show that globalisation and explo-
sion of free trade, added to the growing availability 
of online medicines, is posing a substantial menace 
to public health, which governments and enforce-
ment agencies are starting to react against, but slowly. 
Counterfeiting constitutes a real, tangible threat to 
the safety of patients as well as to the economy of 
countries. Its pernicious effects go far beyond the 

given them a global reach. The absence of a dedicated 
international legal instrument establishing these 
activities as criminal offences carrying effective, pro-
portionate and dissuasive penal sanctions and pro-
viding the basis for effi cient international cooperation 
to combat them has facilitated the cross - border oper-
ation of criminals in this fi eld. The result is a serious 
threat to public health of truly global proportions 
with a greater profi tability than the one from illegal 
drug trade  [4,23 – 25] .   

 An additional factor helping the establishment of 
counterfeiting networks is that, in the last decade, the 
pharmaceutical industry has shifted a large part of its 
manufacturing operations and supply sourcing over-
seas. For example, nearly 40% of the drugs Americans 
take are imported and nearly 80% of the active ingre-
dients in the drugs on the US market come from 
overseas sources. This has caused the rapid prolifera-
tion of pharmaceutical manufacturers and distribu-
tion channels. Pharmaceutical products, which used 
to be directed from a manufacturing country to an 
importing country, are now being exported from 
stocks held in one or more intermediate countries 
where, sometimes, the products are repackaged and/
or relabelled under conditions that do not necessarily 
comply with GMP requirements. As a result, the 
supply chain  –  from raw material to fi nished prod -
uct  –  has become extraordinarily complex, involving 
a web of repackagers and distributors in a variety of 
countries where the weakest point lies where the 
regulatory oversight and legal control is weakest, fuel-
ling the appearance of contaminated, adulterated and 
counterfeit products in the supply chain. 

Figure 30.2     Counterfeiter laboratory in 

China.  (Reproduced with permission from 

Pfi zer.)   
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caused by  Plasmodium falciparum , which has become 
resistant to a multitude of drugs  [33] . Artemisinin 
derivatives, such as artesunate, are a vital component 
of  Plasmodium falciparum  malaria treatment and 
control in the face of globally increasing antimalarial 
drug resistance. Since 1998, an epidemic of multiple 
types of counterfeit artesunate tablets containing 
little or no artesunate, both primitive and highly 
sophisticated copies, have affected patients with 
malaria in mainland South - East Asia, where it is esti-
mated that 33 – 53% of the artesunate tablets are 
counterfeit  [34] . 

 A forensic study published in 2008  [34]  showed the 
collaboration between health care workers and scien-
tists, the regional WHO offi ce and INTERPOL and 
identifi ed the source of counterfeit artesunate in 
South - East Asia, supplying forensic evidence to help 
arrest and prosecute the perpetrators  [26] . 

 The counterfeit samples contained artemisinin, 
considerably less active than artesunate, and in such 
low doses that its intake would only cause resistance 
and not treat malaria, hence wrecking the effi cacy of 
the most important weapon against the disease in 
South - East Asia. Fake samples, in addition to sub -
 therapeutic doses of a weak artemisinin derivative, 
which may have been added to fool the Fast Red Test 
for the rapid determination of authenticity, also con-
tained potentially dangerous and erroneous compo-
nents (e.g. chloramphenicol, benzene, sulfonamides), 
which increased the risk of unexpected complications 
like bone marrow failure, risk of resistance and spread 
of drug - resistant parasites. The presence of safrole, a 
precursor to the illicit drug ecstasy, in some of the 

infringement of intellectual property rights. It has 
human consequences such as adverse effects includ-
ing death due to the substances used in the counter-
feit drug but also prevention of access to effective 
medicines, impoverishment of the population who 
spend their money in drugs that are not effective, 
hereby being trapped into a vicious circle of disease 
and poverty (especially where paying for medicines 
can consume a signifi cant proportion of individual 
or family income), and development of resistance 
rendering genuine drugs ineffi cacious. These drugs 
are also an important threat to the economy of coun-
tries, by damaging the companies ’  and brand reputa-
tion, through their impact on public health, by 
making the state incur in tax losses, by undermining 
the public ’ s confi dence in health authorities and 
health care systems.  

Three  study cases

 Counterfeiting is recognised to be an issue mainly 
in developing countries. However, counterfeit drugs 
are starting to plague developed countries as well, 
although the size of the problem is diffi cult to esti-
mate for the reasons discussed earlier. The character-
istics and problems in each world region differ, as 
illustrated in the following three cases. 

Counterfeiting in developing countries
 Malaria is one of the greatest global health issues 
causing about 250 million cases and nearly 1 million 
deaths every year  [32] . The most severe form is 

Figure 30.3     Number of incidents on 

counterfeiting, illegal diversion and theft 

between 2002 and 2010.  (Reproduced with 

permission from the Pharmaceutical 

Security Institute.)   
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properties, it was not detected as an adulterant by the 
assays used by Baxter and the regulator when the 
product reached the USA. OSCS was identifi ed in 
the fi nished heparin active ingredient made in China 
by SPL - CZ and in the crude material provided to 
SPL - CZ from consolidators, which suggest that, in 
this case, the adulteration possibly happened during 
crude heparin consolidation. Both Baxter and the 
FDA remain unable to identify the exact source, or 
sources, of the adulteration. Baxter provided about 
50% of the US supply of intravenous heparin but 
other companies also had to recall their products, 
a situation that also affected Australia, Denmark, 
France, Germany, Italy, Japan, Sweden and Switzer-
land. One industry insider estimated that to achieve 
this volume of distribution, 1 – 3 tons of OSCS had to 
be produced and used to dilute real heparin, which 
would have generated $1 – 3 million in profi t for the 
individuals or companies that sold it  [38] . 

 This example illustrates that weak quality and 
regulatory controls in any part of the supply chain 
have an impact worldwide, a factor particularly rel-
evant when India and China together hold the vast 
majority of the world ’ s active drug ingredient manu-
facturing sites since 2007  [38] . This becomes even 
more important considering that, as this case shows, 
the complexity of the web of providers involved in 
the manufacture of drugs makes it very diffi cult to 
identify the source of adulteration, a situation that 
implicitly protects counterfeiters.  

Counterfeiting and the internet
 In developed countries, counterfeiters generally 
target high - volume, high - cost drugs. This means 
that the drugs preferentially targeted were  ‘ lifestyle ’  
drugs  –  particularly those for erectile disfunction 
such as sildenafi l (Viagra ® )  –  hormones, steroids 
and antihistamines. However, the list has been 
expanded to nearly every kind of drug, particularly 
those in high demand like atorvastatin (Lipitor © ) or 
antivirals, injectables like fi lgrastim (Neupogen © ), 
treatments for human immunodefi ciency virus 
(HIV) infection and AIDS, anticancer drugs and psy-
chiatric medication, like olanzapine (Zyprexa © )  [7] . 

 This is a rapidly growing business, with the number 
of investigations for possible counterfeiting by the 
FDA jumping from 5 per year in the 1990s to more 
than 20 per year since 2000, and with an 800% 
increase in the number of counterfeit cases between 
2000 and 2006  [39,40] . Similarly, the amount of 
seized counterfeit drugs crossing EU borders is 
showing an equally increasing trend. 

samples suggested these counterfeits might be coming 
from factories that also manufacture ecstasy. 

 Fake artesunate is devastating for the control of 
malaria: it causes avoidable deaths by preventing 
patients from taking effective medication or by taking 
toxic components; it decreases the public ’ s confi dence 
in the anti - malarial treatments; engenders the para-
site ’ s resistance to artemisinin therapies; and takes 
away profi t from legitimate manufacturers. 

 Another group of drugs targeted by counterfeiters 
are HIV drugs. In 2003, Ginovir 3D was marketed in 
C ô te d ’ Ivoire as a triple antiretroviral combination 
product. It contained only one of the drugs on the 
label (zidovudine), neither of the other two (lamivu-
dine and indinavir) and an additional drug not on 
the label (stavudine). Similarly, in 2004 M é decins 
Sans Fronti è res discovered counterfeit antiretrovirals 
in the Democratic Republic of Congo that contained 
an antidepressant and a muscle relaxant, but no active 
antiviral drugs  [35] . Apart from the obvious conse-
quence of preventing access to active medication for 
HIV, these counterfeit drugs encouraged the spread 
of drug - resistant virus, extending the damage well 
beyond the patient taking the counterfeit drug.  

Counterfeiting in developed countries
 At the end of 2007 the US Centers for Disease Control 
and Prevention and the FDA began receiving reports 
of unexpected allergic - type reactions and hypoten-
sion in patients undergoing dialysis, a situation that 
remained for over 6 months  [36] . These events were 
linked to intravenous heparin contaminated with 
oversulfated chondroitin sulfate (OSCS), a substance 
that standard tests were unable to detect and whose 
biological properties can cause the reported reactions 
 [37] . Once the manufacturer recalled the heparin, 
reports of unusual adverse reactions virtually ceased. 

 What happened? It later transpired that the adul-
teration of heparin had occurred during its manufac-
ture in China. Heparin is derived from pig intestine, 
and the basic heparin material (heparin crude) is har-
vested in China by small local workshops that cook 
and dry pig intestines collected from local slaughter-
houses and which are subject to very little regulatory 
scrutiny. Heparin crude was then sold, often through 
consolidators, to other plants to refi ne the material 
further into an active ingredient. In 2004, Scientifi c 
Protein Laboratories – Changzhou (SPL - CZ), became 
part of the heparin active - ingredient supply chain for 
the manufacturer Baxter. OSCS is a synthetic material 
that costs nearly 100 times less to produce than actual 
heparin. Because it shares some of heparin ’ s chemical 
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an analysis of the sales promotion strategies from the 
aforementioned survey confi rmed that 91% of phar-
macies provided privacy reassurances and 40% noted 
that the goods would be delivered in a plain package, 
without declaration of the content. Of these pharma-
cies, 55% stressed the lower prices offered versus 
 ‘ bricks and mortar ’  pharmacies and 48% of them 
offered some kind of membership arrangement 
to obtain further discounts. Some 45% encouraged 
customers to buy more to pay less, 41% offered 
free delivery and 9% advised buying specifi c drugs 
together with the selected ones with special discounts 
offered. Remarkably, 62% of the online pharmacies 
that did not demand a medical prescription used as 
a selling argument not having to undergo a medical 
examination and thereby avoiding costs, queues and 
embarrassment  [45] . 

 The products most frequently proposed are silde-
nafi l, fl uoxetine, tramadol and amitriptyline but, 
remarkably, in about one - third of the pharmacies, no 
side effects were mentioned for these four most 
popular drugs  [46] . All these characteristics show that 
such online pharmacies base their proposition on 
providing the desired product in an easy and inex-
pensive way. They focus the consumers ’  attention on 
aspects that they might fi nd attractive, but are not 
related to the intrinsic characteristics of the product 
but rather to irrelevant and even distorting factors 
in terms of making autonomous decisions regarding 
health management. Hence, in online marketing, the 
focus on information relevant to the object pur-
chased (i.e. benefi ts and side effects) is very low. With 
no physician involved, patients stop being patients 
and become consumers who buy from providers 
offering no ongoing treatment relationship and 
taking no responsibility for the drugs dispensed  [47] . 
The lack of control has also caused high profi le cases 
of counterfeiting: for example, in 2010 the FDA 
issued an alert to the public informing that counter-
feit Tamifl u ©  was being sold online, where the active 
ingredient, oseltamivir, had been substituted by the 
antibiotic cloxacillin, with the subsequent high risk 
of allergy reaction by those allergic to penicillin  [48] . 

 Despite the efforts from regulators to control the 
sale of drugs over the internet, the global nature of 
the web makes this task virtually impossible and 
online pharmacies are likely to grow and become an 
important public health issue in the future. Hence, 
such a dynamic and complex problem should be 
tackled simultaneously at different levels: by enforc-
ing the law, by increasing the awareness amongst the 
population about the risks of purchasing medicines 

 The counterfeit market has been growing in devel-
oped countries because of the rise of internet - based 
purchasing of pharmaceuticals. The 2010 EU Customs 
report showed that online sales caused a spectacular 
increase of detentions in postal traffi c, where almost 
70% of the goods detained were medicines  [31] . Cir-
cumvention of primary care and/or medical advice is 
the very fi rst risk factor associated with medication 
ordered by internet. In 2009, 30% of prescription 
drug users reported buying drugs online or through 
the mail in the previous 12 months, a 9% increase 
over 2008, according to the Deloitte Center for Health 
Solutions  [41] . A survey carried out by Pfi zer among 
14,000 people across 14 countries estimated that 1 in 
5 Europeans buy prescription - only medicines from 
illicit sources, stating that the main drivers for the 
purchase from these sources are saving costs (39%) 
and speed and convenience (33%)  [42] . This happens 
in spite of the fact that WHO estimates that in over 
50% of cases, medicines purchased over the internet 
from illegal sites that conceal their physical address 
have been found to be counterfeit  [19] . 

 The offering from online pharmacies has obvious 
advantages for patients: access to drugs for the disa-
bled or housebound, access 24 hours a day 7 days a 
week, a virtually unlimited number of products avail-
able, relative privacy which may help patients ask 
questions about embarrassing issues and also protect 
their perceived (or real) risk of stigmatisation and 
more affordable pricing. However, they pose a risk 
to consumers because it is so diffi cult to determine 
whether drugs purchased online are counterfeit, 
unapproved or illegal, which is particularly true in 
dealing with drugs sold by websites that conceal their 
address  [43] . A survey of 118 websites found that 
more than half of the online pharmacies did not 
declare their physical location and, when this was 
declared, there was a striking discordance between 
domains of registration, physical location and deliv-
ery location  [44] . Another risk is that online phar-
macies frequently provide medicines without a 
prescription, which can lead to inappropriate drug 
use, with potentially life - threatening consequences. 
From a sample of 175 online pharmacies analysed 
in 2007, 78% did not ask for a medical prescription 
and, of these, 42% did not ask for any medical infor-
mation whereas 58% required the consumer to fi ll in 
a medical questionnaire  [45] . 

 Generally, the marketing strategies adopted by 
online pharmacies reveal an implicit interest in sale 
and profi t, rather than on the consumer ’ s safety, 
which is part of a pharmacy ’ s mandate. For example, 
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counterfeit medicines, in light of the increase in the 
seizures of fake drugs within the EU borders  [12] . 
The aim of this initiative was to address the risk of 
falsifi ed medicines entering the legal supply chain of 
medicines in the EU. The continuous growth in iden-
tifi cation of fake drugs eventually triggered the devel-
opment of a legislation on falsifi ed medicines, where 
 ‘ falsifi ed medicines ’  are defi ned as drugs that pass 
themselves off as real, authorised medicines, versus 
 ‘ counterfeit drugs ’ , which are defi ned as intellectual 
property violations. This legislation will be applicable 
as of 2 January 2013 and, in summary, determines 
new measures as follows:
    •      An obligatory authenticity feature on the outer 
packaging of the medicines: this feature will be 
decided at a later stage via a delegated act.  
   •      A common, EU - wide logo to identify legal online 
pharmacies. This would make it easier to distinguish 
between legal and illegal online pharmacies through-
out the EU.  
   •      Tougher rules on the controls and inspections of 
producers of active pharmaceutical ingredients.  
   •      Strengthened record - keeping requirements for 
wholesale distributors.    

 Preventing and punishing counterfeiting through 
global collaboration, strengthened legislation and 
information to the public opinion is crucial. The 
MEDICRIME Convention  [46]  was made public by 
the Council of Europe in October 2011 to establish, 
for the fi rst time, a binding international instrument 
in the fi eld of criminal law on the counterfeiting of 
medical products and similar crimes involving threats 
to public health. This convention demands that 
each country take the necessary legislative and other 
measures to establish as offences, under its domestic 
law, the intentional manufacturing (or adulteration) 
of counterfeit medical products, active substances, 
excipients, parts, materials and accessories as well 
as the intentional supply, offering, keeping in stock, 
importing and exporting of counterfeit medical 
products. There are several aspects that make this 
convention a milestone in the legal fi ght against 
counterfeit medicines:
    •      It applies a wider defi nition of counterfeit as  ‘ false 
representation as regards identity and/or source ’ , 
including adulterated medical products made poorer 
in quality by intentionally adding or substituting 
another undeclared substance).  
   •      It covers  ‘ medicinal products ’ , including human 
and veterinary products, as well as medical devices.  
   •      It highlights the importance of international coop-
eration in criminal matters.  

on the Internet, and by reinforcing the trust - based 
relationship between patient and both the pharmacist 
and the practising medical professional. Another 
strategy deployed in several countries has been 
accreditation to guide consumers to safe online 
options  [49] . In the USA this has led to the creation 
by the National Association of Boards of Pharmacy 
of the Verifi ed Internet Pharmacy Practice Sites pro-
gramme. The Royal Pharmaceutical Society of Great 
Britain has developed a similar initiative which pro-
vides information about whether an internet phar-
macy is registered with the Society (a requirement 
that all pharmacies based in England, Scotland or 
Wales must fulfi l  [50] ). However, despite these posi-
tive examples, the dynamism, scale and fl exibility of 
online markets makes it diffi cult to keep the recom-
mendations up to date, as websites can, in principle, 
shut down and simply reopen with a new name 
 [41]  or fake such accreditation marks. However, the 
most important question is whether consumers rec-
ognise and act upon the information provided by 
these logos.   

Actions undertaken to counteract 
counterfeit drugs

 There are several aspects that will facilitate the 
fi ght against counterfeit drugs and their conse-
quences, which can be summarised in three areas: 
raising public awareness  [51] , establishing a legisla-
tive framework and developing technology to track 
and authenticate drugs. 

Raising public awareness as an 
anticounterfeiting strategy 
 There have been several campaigns targeted at 
warning citizens from the risks of counterfeit drugs 
in both developed countries  [52,53]  and developing 
nations  [54] , resulting from the partnership between 
regulatory agencies, pharmaceutical companies, non -
 governmental agencies and enforcement agencies 
 [55] . The effi cacy of these campaigns in fi ghting 
counterfeiting has yet to be demonstrated, more 
so considering that the increased sophistication of 
counterfeiters makes it extraordinarily diffi cult to 
identify fake drugs.  

Establishing a legislative framework 
as an anticounterfeiting strategy 
 In 2008, the EU agreed to amend the general directive 
2001/83/EC to support a new legal framework against 
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chemical taggants which constitute a chemical signa-
ture that can be embedded in the different elements 
of the packaging and that are specifi c to the manu-
facturer, depending on the company ’ s organisation 
and equipment  [56] . 

 The implementation of a standardised identifi ca-
tion system allows improved traceability and security 
of medicines. Traditionally, this happens most at 
batch level, where a barcode including the product 
code is read at the pharmacy, and the pharmacist 
dispensing the drug can check both the batch number 
and the expiry date. However, this system does not 
trace the individual drug to its origin and its prescrip-
tion, hence it does not guarantee the prevention of 
dispensing and dosing errors, nor does it prevent 
counterfeits entering the supply chain or reimburse-
ment fraud. Various coding solutions have been put 
in place by EU Member States, but the existence of 
different systems with different objectives defeats the 
whole purpose of enhanced tracking and tracing of 
medicines at an EU level and increases the produc-
tion costs for the manufacturer. 

 Therefore, the European Federation of Phar-
maceutical Industries and Associations (EFPIA) 
agreed to run a pilot between September 2009 and 
January 2010 in Sweden, in cooperation with the 
Swedish Association of the Pharmaceutical Indus -
try (L ä kemedelsindustrif ö reningen) and with the 
support of the pharmaceutical distributors Tamro AB 
and KD Pharma AB, in order to analyse the benefi ts 
of implementing a standardised identifi cation solu-
tion for pharmaceutical products across Europe. 
In this pilot, pharmacists checked a unique iden-
tifi cation code on each individual pack when dis-
pensed to the patient. These harmonised codes were 
generated and applied by manufacturers using a two -
 dimensional data matrix barcode that contained a 
unique serial number so that the scan would reveal 
any duplication of data on packs and alert the phar-
macist of the possibility of a counterfeit product. The 
pilot showed that such a system allowed the effective 
identifi cation of fake packs as well as expired or 
short - dated packs and recalled products, while allow-
ing pharmacists to work at a normal pace without 
additional effort, indicating that the proposed EFPIA 
model is viable, proportionate, secure and cost -
 effective  [12,57] . 

 It is clear then that technology can make an impor-
tant contribution, particularly in the domains of 
authentication and traceability and its implementa-
tion is neither expensive nor complex. Technology, 
however, requires the participation of different 

   •      It focuses on the protection of public health, rather 
than on the protection on intellectual property rights 
(which are protected elsewhere). This facilitates 
cross - country collaboration as the focus on intellec-
tual property has caused tension between countries, 
preventing the implementation of a global legal 
framework  [3] .    

 In developing countries, though, setting up a legal 
and regulatory framework to combat counterfeit 
drugs adds an additional layer of complexity, as these 
countries are preferentially targeted because of the 
lack of a regulatory system that protects their supply 
chain. In developing countries, the WHO focuses on 
three main strategies:
1.     Providing tools, international norms, standards 
and guidelines to assist that medicines circulating in 
national and international commerce are safe, effi ca-
cious and of good quality.  
2.     Providing support to Member States to build 
national regulatory capacity.  
3.     Developing global activities to combat counter -
feit medicines, in collaboration with all relevant 
stakeholders.     

Technology as an 
anticounterfeiting strategy 
 Technology can also add an important contribution, 
particularly for authentication and traceability. It is 
based on two key principles  [56] :
    •      Avoiding the infi ltration of counterfeits into the 
legitimate supply chain by guaranteeing the integrity 
of the original manufacturer ’ s pack throughout the 
whole supply chain, from the time it leaves the origi-
nal manufacturer ’ s hands until it reaches the patient.  
   •      Applying safety features to the outer package to 
each prescription medicine: from using overt and 
more covert features to authenticate products, to the 
use of a harmonised and standardised coding and 
identifi cation system for packaging.    

 The principle of guaranteeing the integrity of the 
original package throughout the supply chain requires 
the implementation of a global  –  or at least a 
European - wide  –  mandate to ban repackaging in 
order to guarantee the integrity of the original 
package as well as an agreement on the implementa-
tion of a tamper - safe/tamper - evident packaging. 
Other overt security features include the authentica-
tion of the product by the different members of the 
supply chain (e.g. holograms, colour shifting inks, 
guilloches) but these are mimicked by counterfeiters, 
often quite effectively. Covert security features allow 
authentication by the manufacturer, for example 
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stakeholders operating within a common legislative 
framework acceptable for all parties that enables a 
pan - European verifi cation system and that does not 
allow backdoors for those wanting to introduce illicit 
products to the market. Therefore, EFPIA is engaging 
with national authorities and the European Commis-
sion to establish such legal frameworks to enable the 
use of a harmonised coding system at a national and/
or European level  [56] . 

 In the USA, the Prescription Drug Marketing Act 
was issued by the FDA in part to address the problem 
of counterfeiting. This legislation requires that drug 
wholesalers obtain a state licence and provide a  ‘ pedi-
gree ’  if they are not considered  ‘ authorised distribu-
tors ’  by a given manufacturer. A  ‘ pedigree ’  is a paper 
or electronic document that records each distribu-
tion of a prescription drug, from sale by manufac-
turer, through acquisition and sale by any wholesaler 
or repackager, until fi nal sale to a pharmacy or to 
another person administering or dispensing the 
drug. It is a certifi ed chain of custody that records 
the fi nancial transactions and the physical move-
ments of the medicines either at a batch level or at a 
pack level  [56] . However, its effi cacy in addressing 
counterfeiting is limited for several reasons including 
lack of inspections and weak requirements for state 
licensing  [39] . It has been tried to address this 
through the establishment of an e - pedigree at unit of 
sales level. However, this requires having a detailed 
record of the content of the package hierarchy all 
along the supply chain. One way of achieving this 
is through track - and - trace technology: systems that 
allow tracking and tracing of the drug from the point 
of manufacture to the point of dispensing through 
the attachment of radio - frequency identifi cation tags 
containing a unique electronic serial number (the 
electronic product code) issued irreversibly by the 
manufacturer to every bottle of drugs intended for 
sale in the USA. However, these systems are diffi cult 
and expensive to implement on a countrywide basis 
 [39,56] .   

References 

     1.       Newton   PN  ,   McGready   R  ,   Fernandez   F  ,   Green   MD  , 

  Sunjio   M  , et al.  Manslaughter by fake artesunate in 

Asia  –  will Africa be next?   PLoS Med .  2006 ; 3 ( 6 ):

 e197 .  

     2.       Solomon   S  .  BC woman killed by fake drugs bought 

online .  Natl Rev Med . 30 July  2007 ;  4 ( 13 ). Available 

from:  http://www.nationalreviewofmedicine.com/issue/



608 Chapter 30 

resources/documents/customs/customs_controls/

counterfeit_piracy/statistics/counterf_comm_2006_

en.pdf  (accessed 17 November 2012).  

  29.      European Commission Taxation and Customs Union . 

 Report on community customs activities on counterfeit 

and piracy.   2007 . Available from: http://ec.europa.eu/

taxation_customs/resources/documents/customs/

customs_controls/counterfeit_piracy/statistics2007.pdf 

(accessed 26 November 2012).  

  30.      European Commission Taxation and Customs Union . 

 Report on EU customs enforcement of intellectual prop-

erty rights . Results at the EU border  –   2009 . Available 

from:  http://ec.europa.eu/taxation_customs/resources/

documents/customs/customs_controls/counterfeit_

piracy/statistics/statistics_2009.pdf  (accessed 17 No -

vember 2012).  

  31.      European Commission Taxation and Customs Union . 

 Report on EU customs enforcement of intellectual prop-

erty rights . Results at the EU border  –   2010 . Available 

from  http://ec.europa.eu/taxation_customs/resources/

documents/customs/customs_controls/counterfeit_

piracy/statistics/statistics_2010.pdf  (accessed 17 No -

vember 2012).  

  32.      World Health Organization .  10 facts on malaria . April 

 2012 . Available from:  http://www.who.int/features/

factfi les/malaria/en/index.html  (accessed 17 November 

2012).  

  33.       McNamara   C  ,   Winzeler   EA  .  Target identifi cation and 

validation of novel antimalarials .  Future Microbiol . 

 2011 ; 6 ( 6 ): 693  –  704 .  

  34.       Newton   PN  ,   Fernandez   FM  ,   Plan ç on   A  ,   Mildenhall   DC  , 

  Green   MD  , et al.  A collaborative epidemiological inves-

tigation into the criminal fake artesunate trade in South 

East Asia .  PLoS Med .  2008 ; 5 ( 2 ): e32 .  

  35.       Amon   JJ  .  Dangerous medicines: unproven AIDS cures 

and counterfeit antiretroviral drugs .  Global Health . 

 2008 ; 4 : 5 .  

  36.      US Centers for Disease Control and Prevention .  Acute 

allergic - type reactions among patients undergoing 

hemodialysis  –  multiple states, 2007 – 2008 .  MMWR 

Morb Mortal Wkly Rep . February 1,  2008   57 ( Early 

Release ): 1  –  2 . [cited 2011 Sep 11]. Available from: 

 http://www.cdc.gov/mmwr/preview/mmwrhtml/mm57

e201a1.htm  (accessed 17 November 2012).  

  37.       Kishimoto   TK  ,   Viswanathan   K  , et al.  Contaminated 

heparin associated with adverse clinical events and acti-

vation of the contact system .  N Engl J Med .  2008 ;

 358 ( 23 ): 2457  –  67 .  

  38.      PEW Health Group .  After heparin: protecting consum-

ers from the risks of substandard and counterfeit drugs . 

Available from  http://www.pewtrusts.org/uploadedFiles/

wwwpewtrustsorg/Reports/Health/Pew_Heparin_

Final_HR.pdf  (accessed 17 November 2012).  

  39.       Rudolf   PM  ,   Bernstein   IBC  .  Counterfeit drugs .  N Engl J 

Med .  2004 ; 350 ( 14 ): 1384  –  6 .  

  40.      US Food and Drug Administration .  Combating coun-

terfeit drugs, safe and secure: a report of the Food and 

Drug Administration . Report No. 20857. Rockville, 

Counterfeit - medicines/index.htm  (accessed 17 Novem-

ber 2012).  

  16.      Fighting fake drugs: the role of WHO and pharma . 

 Lancet .  2011 ; 377 : 1626 .  

  17.      NAFDAC Nigeria .  Counterfeiting . Available from: 

http://www.nafdac.gov.ng/index.php/press - statements/

72 - nafdac - negotiates - state - of - the - art - anti - counterfeiting - 

equipment (accessed 26 November 2012).  

  18.      World Health Organization .  International medical prod-

ucts anti - counterfeiting taskforce,  ‘ Counterfeit drugs 

kill! ’   Updated May  2008  Available from:  http://

www.who.int/impact/FinalBrochureWHA2008a.pdf  

(accessed 17 November 2012).  

  19.      World Health Organization .  Medicines: spurious/

falsely - labelled/falsifi ed/counterfeit (SFFC) medicines . 

Fact sheet N ° 275. January  2010 . Available from: 

 http://www.who.int/mediacentre/factsheets/fs275/en/  

(accessed 17 November 2012).  

  20.      World Health Professions Alliance .  Regional workshop 

on counterfeit medical products . San Jos é , Costa Rica, 

19th October  2010 . Final Report  –  Detailed ver -

sion. Available from:  http://www.fdiworldental.org/c/

document_library/get_fi le?uuid=a7de3486 - 0968 - 4426 -

 9c2a - c237ef29f2b8 & groupId=10157  (accessed 17 No -

vember 2012).  

  21.       Rodionova   OY  ,   Pomerantsev   AL  .  NIR - based approach 

to counterfeit - drug detection .  Trends Anal Chem . 

 2010 ; 29 ( 8 ): 795  –  803 .  

  22.       Cockburn   R  ,   Newton   PN  ,   Agyarko   EK  ,   Akunyili   D  , 

  White   NJ  .  The global threat of counterfeit drugs: why 

industry and governments must communicate the 

dangers .  PLoS Med .  2005 ; 2 ( 4 ): e100 .  

  23.      Council of Europe Convention on the counter feiting 

of medical products and similar crimes involv  ing 

threats to public health . Explanatory Report.  2012 . 

Available from:  http://conventions.coe.int/Treaty/EN/

Reports/Html/211.htm  (accessed 26 November 2012).  

  24.      Pharmaceutical Manufacturers Association .  Rising global 

counterfeit epidemic . Available from:  http://www.phrma.

org/sites/default/fi les/932/counterfeitdrugsstatistics.pdf  

(accessed 17 November 2012).  

  25.      Council of Europe .  Press release: European experts: 

counterfeit medicines are more lucrative than heroin 

trade .  2010 . Available from:  http://www.coe.int/t/dgap/

tbilisi/archives/enews/EkylAkkVuZWZQbxphf.asp  

(accessed 17 November 2012).  

  26.      International Medical Products Anti - Counterfeiting 

Taskforce (IMPACT) ..  INTERPOL operation STORM 

II . Available from:  http://www.who.int/impact/news/

stormII/en/index.html  (accessed 17 November 2012).  

  27.      INTERPOL .  Operation Pangea   2008 . Available from: 

 http://www.interpol.int/Crime - areas/Pharmaceutical -

 crime/Operations/Operation - Pangea  (accessed 17 No -

vember 2012).  

  28.      European Commission Taxation and Customs Union . 

 Summary of community customs activities on counter-

feit and piracy: results at the European border   –   2006 . 

Available from:  http://ec.europa.eu/taxation_customs/



Availability of medicines on-line and counterfeit medicines 609

HumanMedicalProducts/ucm216183.htm  (accessed 17 

November 2012).  

  49.      National Association of Boards of Pharmacy . Available 

from:  http://vipps.nabp.net/  (accessed 17 Novem,ber 

2012).  

  50.      General Pharmaceutical Council . Available from:  http://

www.pharmacyregulation.org/registers/pharmacy  

(accessed 17 November 2012).  

  51.       Cuchet - Chosseler   M  ,   Bocoum   O  ,   Camara   M  ,   Abad   B  , 

  Yamani   E  ;  Ordre des Pharmaciens du Mali .  Results of a 

survey to evaluate the effi cacy of a regional awareness 

campaign on counterfeit street medicines in Bamako, 

Mali and Nouakchott, Mauritania [abstract] .  Med Trop 

(Mars) .  2011 ; 71 ( 2 ): 152  –  6 .  

  52.      The Patients Association .   ‘ Get Real, Get A Prescrip  -

tion ’  campaign . Available from:  http://www.patients -

 association.com/Default.aspx?tabid=195  (accessed 17 

November 2012).  

  53.     Pfi zer.  Real danger . Get Real, Get A Prescription.  2011 . 

Available from:  http://realdanger.co.uk/  (accessed 17 

November 2012).  

  54.       Torres   C  .  Counterfeiting goes cinematic in public cam-

paigns .  Nat Med .  2010 ; 16 : 363 .  

  55.      INTERPOL .  African artists give voice to global fi ght 

against fake medicines in INTERPOL - supported cam-

paign . Available from:  https://www.interpol.int/Public/

ICPO/PressReleases/PR2011/PR086.asp  (accessed 17 

November 2012).  

  56.       Bob é e   JM  .  How technology can help to fi ght counter-

feits .  STP Pharma Prat .  2009 ; 19 ( 1 ): 29  –  40 .  

  57.      EFPIA product verifi cation project . Joint Final Report, 

April  2010  Available from:  http://www.gs1.org/docs/

healthcare/EFPIA_Product_Verifi cation_Project_Report.

pdf  (accessed 26 November 2012).   

MD: US Food and Drug Administration; February 18, 

 2004   

  41.       Bate   R  ,   Hess   K  .  Assessing website pharmacy drug 

quality: safer than you think?   PLoS ONE .  2010 ; 5 ( 8 ):

 e12199 .  

  42.      PharmaTimes .  One in fi ve Europeans buying fake 

drugs  –  Pfi zer survey . February 16,  2010 . Available from: 

 http://www.pharmatimes.com/Article/10 - 02 - 16/One_

in_five_Europeans_buying_fake_drugs_ – _Pfizer_

survey.aspx  (accessed 17 November 2012).  

  43.       Montoya   ID  ,   Jano   E  .  On - line pharmacies: safety and 

regulatory considerations .  Int J Health Serv .  2007 ;

 37 ( 2 ): 279  –  89 .  

  44.       Orizio   G  ,   Schulz   P  ,   Domenighini   S  ,   Caimi   L  ,   Rosati   C  , 

  Rubinelli   S  , et al.  Cyberdrugs: a cross - sectional study of 

online pharmacies characteristics .  Eur J Public Health . 

 2009 ; 19 ( 4 ): 375  –  7 .  

  45.       Orizio   G  ,   Rubinelli   S  ,   Schulz   PJ  ,   Domenighini   S  , 

  Bressanelli   M  ,   Caimi   L  , et al.   ‘ Save 30% if you buy today ’ . 

Online pharmacies and the enhancement of peripheral 

thinking in consumers .  Pharmacoepidemiol Drug Saf . 

 2010 ; 19 : 970  –  6 .  

  46.      Council of Europe. Convention on the counterfeiting of 

medical products and similar crimes involving threats to 

public health ;  2011 . Available from:  http://www.coe.int/t/

DGHL/StandardSetting/MediCrime/Medicrime -

 version%20bilingue.pdf  (accessed 17 November 2012).  

  47.       Lineberry   TW  ,   Bostwick   JM  .  Taking the physician out of 

 ‘ physician shopping ’ : a case series of clinical problems 

associated with Internet purchases of medication .  Mayo 

Clin Proc .  2004 ; 79 ( 8 ): 1031  –  4 .  

  48.      FDA Medwatch .  Tamifl u: counterfeit product sold 

on internet .  2010 . Available from:  http://www.fda.gov/

Safety/MedWatch/SafetyInformation/SafetyAlertsfor



610

The Textbook of Pharmaceutical Medicine, Seventh Edition. John P. Griffi n, John Posner, and Geoffrey R. Barker.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

31  The  s upply of  u nlicensed  m edicines 
for  i ndividual  p atient  u se  

Ian Dodds-Smith and  Ewan Townsend 
  Arnold  &  Porter (UK) LLP, London, UK       

Introduction 

 The general principle underlying the regulatory 
regime in the European Union (EU) is that a product 
can only be placed on the market if its quality, safety 
and effi cacy for its recommended use(s) have been 
subject to independent scrutiny. Such scrutiny will 
lead to national marketing authorisation being issued 
by the competent authorities (in the UK, by the 
Licensing Authority operating through the Medicines 
and Healthcare products Regulatory Agency 
(MHRA)) or by a centralised authorisation being 
issued by the European Commission on the advice of 
the European Medicines Agency (EMA). 

 Nevertheless, the procurement by or supply to the 
medical profession of medicines with no current mar-
keting authorisation is not forbidden in the UK, but it 
raises various regulatory and liability issues. Setting 
aside use in a clinical trial, such unlicensed products 
are frequently used to treat the particular clinical 
needs of individual patients. This is known variously 
as  ‘ named patient ’ ,  ‘ particular patient ’ ,  ‘ individual 
patient ’  or  ‘ compassionate use ’  supply. The fi rst of 
these terms is misleading, because there has never been 
any requirement to identify a particular patient and 
for the purposes of this chapter the term  ‘ individual 
patient supply ’  is used instead. Coordinated pro-
grammes for supply of unlicensed medicines to indi-
vidual patients are sometimes called compassionate 
use programmes. In the UK these do not raise special 
considerations, except to the extent that they are 
affected by EU rules contained in Regulation 726/2004. 

 Supply on an individual patient basis encompasses 
various categories of use of medicinal products. A 
product may be unauthorised because it has been 
specially formulated for use; it may be in the clinical 
trial stage of its development but is requested by 
doctors for use outside a trial; it may have been 
authorised previously and then withdrawn from the 
particular market for commercial reasons, or because 
of safety, effi cacy or quality concerns. In addition, it 
may be authorised in no country or only authorised 
in a different country. 

 The British Pharmacopoeia (BP) has, in the past, 
been focused upon standards for authorised medici-
nal products. However, because of the signifi cant 
usage of unlicensed medicines in the UK, the BP 
includes a section on unlicensed medicines. It pro-
vides guidance to manufacturers and suppliers on the 
legal requirements for unlicensed medicines, includ-
ing the necessary standards for manufacture of unli-
censed medicines. In addition, it provides some 
guidance to prescribers on ethical, as well as legal, 
considerations. The BP of 2012  [1]  explains that the 
use of unlicensed medicines is widespread in the UK, 
mainly in the hospital sector, but also in primary care. 
It is said that the reasons for this include the require-
ments for liquid formulation for paediatric and geri-
atric populations, discontinued supply of licensed 
medicines, the need for specialist and novel products 
for use in hospital and the lack of authorised critical 
care products because of low demand. 

 Against that background, the focus of this chapter 
is the regulatory framework in the UK covering the 
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fi de unsolicited order, formulated in accordance with the 

specifi cations of an authorised health - care professional and 

for use by an individual patient under his direct personal 

responsibility.   

 This provision allows Member States, if they wish 
(there is no obligation to do so), to make national 
arrangements for the supply of unlicensed medicines 
for individual use, but only in the narrow circum-
stances specifi ed by the Directive. This provision is 
without prejudice to the right of Member States to 
authorise temporarily the distribution of unlicensed 
medicines to meet specifi c threats to public health 
(e.g. the spread of pathogenic agents (Article 5.2)) or 
the authorisation by a Member State on public health 
grounds of a product approved in another Member 
State (Article 126a). 

 However, this exception to the general rule under 
Article 6 that all products placed on the market 
require a marketing authorisation must, like all 
exceptions, be construed narrowly, and this has given 
rise to litigation concerning its meaning and scope. 
In Poland, Article 4.3(a) of the Medicinal Products 
Law of 2001 (as modifi ed in 2007) has established a 
national rule allowing unlicensed products to be 
imported and on the basis of  ‘ special need ’  when the 
imported products are cheaper, despite the presence 
of authorised (but more expensive) pharmaceutical 
equivalents on the local market. The European Com-
mission commenced proceedings on 13 April 2010 
against Poland in the Court of Justice for infringe-
ment of its EU law obligations  [2] . The Commission 
contended that such imports fall within the scope of 
Article 5 of Directive 2001/83/EC on the basis that 
economic criteria cannot be used as a basis for avoid-
ing the requirement that products placed on the 
market must have a marketing authorisation. 

 The Advocate General ’ s Opinion supported the 
Commission ’ s position, and found that Article 5 of 
Directive 2001/83/EC creates an assumption that the 
doctor seeking supply of an unlicensed product will 
do so on the basis of special needs which are to be 
assessed by reference to therapeutic considerations 
only. The fact that an unlicensed product is competi-
tively priced is irrelevant and therefore not a basis for 
allowing import of an unlicensed product. On 29 
March 2012 the Court of Justice delivered a judgment 
that followed the Advocate General ’ s Opinion  [3] .  

Volume  9A
 The only other reference to such use at a European 
level appears in Volume 9A of  The Rules Governing 

supply of unlicensed medicinal products to meet the 
special needs of individual patients. References to the 
position in some other Member States of the EU are 
provided for comparison purposes. In summary, 
there are provisions in the UK allowing manufacture 
in the UK of  ‘ specials ’  to treat special clinical needs, 
and there is a related import notifi cation scheme 
where a fi nished, but unauthorised, product is avail-
able outside the UK and the product is imported to 
the order of a health care professional. This frame-
work is the outcome of the balancing by regulators of 
two important, but confl icting, principles. On the one 
hand, there is the need to ensure that patients are not 
exposed to any unnecessary risks; hence the extensive 
legal framework regulating the placing on the market 
of medicinal products. On the other hand, there is the 
desire to respect the clinical freedom of medical prac-
titioners to determine the most appropriate treat-
ment for their patients. 

 Law in the UK does not control the use by health 
care professionals of authorised products for uses or 
in doses or patient populations that are not approved. 
Such  ‘ off - label ’  prescribing is a matter purely for the 
health care professional ’ s clinical judgement, which 
must be exercised having regard to the ethical guide-
lines of the General Medical Council (GMC). This 
issue is not therefore discussed in great detail, 
although it should be noted that the re - packaging of 
a licensed product to facilitate off - label use renders 
the product unlicensed as well and liability issues 
relating to use of unlicensed products and use of 
licensed products  ‘ off label ’  are similar.  

EU law

Directive 2001/83/ EC – supply of unlicensed
products to  meet special needs
 There is only limited EU legislation dealing with the 
supply of medicinal products for individual patient 
use and there were no relevant provisions prior to 
1989. Article 6.1 of Directive 2001/83/EC (previously 
Article 3 of Directive 65/65/EEC) sets out the general 
rule that a medicinal product must have a marketing 
authorisation before being placed on the market. 
However, Article 5.1, which repeats wording intro-
duced by Directive 89/341/EEC, provides an excep-
tion from this general rule:

  A Member State may, in accordance with legislation in force 

and to fulfi l special needs, exclude from the provisions of this 

Directive medicinal products supplied in response to a bona 
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Regulation ( EC) No 726/2004 –
compassionate use schemes
 In 2004, changes were made to the rules governing 
the centralised authorisation procedure. For the fi rst 
time, specifi c provisions dealing with what the legis-
lation calls  ‘ compassionate use ’  were introduced. 
These are set out in Article 83 of Regulation (EC) No 
726/2004 (these came into force on 20 November 
2005 and were subsequently amended by Regulation 
(EU) No 1235/2010 in relation to the revised phar-
macovigilance regime). Article 83.9 of Regulation 
726/2004 states that the operation of the Article is 
without prejudice to the operation of the Clinical 
Trials Directive 2001/20/EC and the national provi-
sions for individual patient supply/compassionate 
use in Article 5.1 of Directive 2001/83/EC. 

 Recital 33 of Regulation 726/2004 states that a 
common approach should be followed, whenever 
possible, regarding the criteria and conditions for the 
compassionate use of new medicinal products under 
Member States ’  legislation. 

 Article 83.1 of Regulation 726/2004 confi rms that 
Member States may make a medicinal product falling 
within the scope of the requirements for centralised 
assessment by the EMA and grant of marketing 
authorisation by the Commission available for com-
passionate use. 

 Article 83.2 of Regulation 726/2004 defi nes  ‘ com-
passionate use ’  as meaning:

  Making a medicinal product [falling within the scope of 

the Regulation] available for compassionate reasons to 

a group of patients with a chronically or seriously debilitat-

ing disease or whose disease is considered to be life -

 threatening, and who cannot be treated satisfactorily by 

an authorised medicinal product. The medicinal product 

concerned must either be the subject of an application for a 

[centralised marketing authorisation] or must be undergo-

ing clinical trials.   

 If a Member State makes use of the possibility pro-
vided for in Article 83.1, it is obliged to notify the 
EMA under Article 83.3. Article 83.4 states that the 
Committee for Medicinal Products for Human Use 
(CHMP), acting on behalf of the EMA, may, after 
consulting the manufacturer or the applicant, adopt 
opinions on various matters such as the conditions 
for use, the conditions for distribution and the 
patients targeted. The opinions must be updated on 
a regular basis. Under Article 83.6, the EMA is 
required to keep an updated list of such opinions and 
publish that list on its website. Article 83.6 also states 
that Articles 28.1 and 28.2 which set out pharma-

Medicinal Products in the European Union  –  Guide-
lines on Pharmacovigilance for Medicinal Products for 
Human Use  (September 2008), issued by the Euro-
pean Commission. The Guidelines do not have the 
force of law, but represent best practice and are fre-
quently referenced by the Court of Justice as a per-
suasive document when interpreting the scope of the 
EU regulatory framework. Section 5.7 states:

  Compassionate or named - patient use of a medicine should 

be strictly controlled by the company responsible for provid-

ing the medicine and should ideally be the subject of a 

protocol. 

 Such a protocol should ensure that the Patient is registered 

and adequately informed about the nature of the medicine 

and that both the prescriber and the Patient are provided 

with the available information on the properties of the medi-

cine with the aim of maximising the likelihood of safe use. 

The protocol should encourage the prescriber to report any 

adverse reactions to the company, and to the Competent 

Authority, where required nationally. 

 Companies should continuously monitor the risk – benefi t 

balance of medicines used on compassionate or named -

 patient basis (subject to protocol or not) and follow the 

requirements for reporting to the appropriate Competent 

Authorities.   

 Although this part of Volume 9A was replaced by new 
guidance refl ecting changes in the underlying law on 
pharmacovigilance that does not include the general 
statements identifi ed above, the advice continues to 
be informative of regulatory expectation.  

Directive  2001/83/EC – supply of products 
specially prepared by  pharmacists
 In contrast to the right of Member States to exclude 
from the provisions of the Directive products sup-
plied at the request of a health care professional to 
meet a special patient need, Article 3.1 of Directive 
2001/83/EC excludes  ab initio  from its requirements 
any medicinal product prepared in a pharmacy in 
accordance with a medical prescription for an indi-
vidual patient. This is sometimes known as the mag-
istral formula exception. Similarly, under Article 
3.2 any medicinal product that is prepared in a phar-
macy in accordance with the prescriptions of a phar-
macopoeia and is intended to be supplied direct to 
the patients served by the pharmacy (commonly 
known as the offi cinal formula dispensing) is excluded 
from controls of the Directive. Member States control 
such supplies in different ways through a mixture 
of national law and professional guidelines and 
standards.  
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2.     favouring a common approach regarding the con-
ditions of use, the conditions for distribution and the 
patients targeted for the compassionate use of unau-
thorised new medicinal products; and  
3.     increasing transparency between Member States 
in terms of treatment availability.    

 The guideline also provides recommendations for 
use of a medicinal product in the period between 
adoption of a CHMP Opinion relating to compas-
sionate use and a CHMP Opinion relating to grant of 
a marketing authorisation, and in respect of the 
period between the latter and the Commission Deci-
sion granting an authorisation to the product and its 
subsequent placing on the market. The guideline also 
clarifi es the meaning of the key terms used such as 
 ‘ group of patients ’ ,  ‘ chronically or seriously debilitat-
ing disease or whose disease is considered to be life 
threatening ’ ,  ‘ patients who cannot be treated satisfac-
torily ’ ,  ‘ patients targeted ’  and  ‘ conditions for use ’ . 

 The guideline also makes it clear that Article 83 of 
Regulation 726/2004 is not applicable (even for 
medicinal products eligible for the centralised proce-
dure) if:
1.     the compassionate use envisaged is on an indi-
vidual patient supply basis (as described in Article 5.1 
of Directive 2001/83/EC); or  
2.     if the compassionate use relates to a medicinal 
product which has already been authorised via the 
centralised procedure, even if the proposed condi-
tions of use and target population are different from 
those approved in the marketing authorisation.      

UK law

UK law prior to 1 January 1995 
 UK legislation has for many years permitted indi-
vidual patient supply in specifi ed circumstances. The 
original provisions date back to the early 1970s. 
Under Section 7(2) of the Medicines Act 1968, it was 
necessary to hold a product licence in order to sell, 
supply, export or import a medicinal product, or 
to procure those activities, or the manufacture or 
assembly of the product. However, various exemp-
tions from the licensing requirements, including 
those relating to individual patient supply, were 
provided for in the Medicines Act and in related 
statutory instruments. The most important exemp-
tions were contained in Sections 9 and 13 of the Act, 
the Medicines (Exemption from Licences) (Special 
and Transitional Cases) Order 1971  [5] , the Medi-
cines (Exemption from Licences) (Special Cases and 

covigilance requirements for centrally authorised 
products will apply to products supplied for compas-
sionate use. 

 While it is mandatory for the competent national 
authorities to notify the EMA of proposed supply, the 
opinions of the CHMP are advisory only; Article 83.5 
of Regulation 726/2004 merely requires Member 
States to  ‘ take account ’  of any available opinions. 
Article 83.7 makes it clear that the fact that an opinion 
has been obtained from the Committee will not affect 
the civil or criminal liability of a manufacturer or an 
applicant. 

 The legislation includes specifi c provisions con-
cerning supply of unlicensed medicines for the period 
between authorisation and launch onto the market. 
In some Member States, where it is necessary to 
obtain approval for price or reimbursement arrange-
ments, this may entail a delay of some months. 
During this time, where a compassionate use pro-
gramme has previously been set up, Article 83.8 of 
Regulation 726/2004 states that  ‘ the applicant shall 
ensure that patients taking part also have access to the 
new medicinal product ’ . There is nothing in the fi nal 
version of this Article relating to cost. Early drafts 
of this Article had proposed that supply should be 
free of charge, but this was removed and the position 
is, therefore, that companies may charge for such 
supplies. 

 Several points are worth noting. First, Article 83 of 
Regulation 726/2004 seems to be broader in scope 
than Article 5.1 of Directive 2001/83/EC, since what 
is envisaged is a properly co - ordinated, pro - active 
approach to use of the product (rather than a passive 
system relying on requests from individual health 
care professionals). Secondly, the provision only 
applies to a small category of products. For products 
not falling within the scope of the centralised proce-
dure, the national rules will remain and there will be 
no harmonisation of the conditions of supply in indi-
vidual Member States. Thirdly, the wording of Article 
83 of Regulation 726/2004 leaves open a number of 
questions on how Member States will operate this 
provision. 

 On 19 July 2007 the EMA issued a guideline on 
such compassionate use and a questions and answers 
document clarifying the EMA ’ s role in relation to 
compassionate use  [4] . The guideline states that the 
objectives of Article 83 of Regulation 726/2004 are as 
follows:
1.     facilitating and improving the access of patients 
in the European Union to compassionate use 
programmes;  
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the same form in the Human Medicines Regulations 
2012. 

 Relevant medicinal products were defi ned in the 
1994 Regulations as those medicinal products for 
human use to which the provisions of Directive 
2001/83/EC apply, other than traditional herbal 
medicinal products or homeopathic products. This 
broad defi nition included most medicinal products, 
but excluded products prepared in a pharmacy for 
dispensing to an individual patient, which are 
expressly excluded from the scope of Directive 
2001/83/EC. It also excluded medicinal products for 
clinical trial use, intermediate products, radionu-
clides, blood products and advanced therapy medici-
nal products (ATMPs), which are not medicinal 
products within the meaning of the Directive, and 
were subject to control under the Medicines Act 1968 
by way of separate Orders. 

 The position under the 2012 Regulations is more 
straightforward. The 2012 Regulations apply to 
 ‘ medicinal products ’ , defi ned in Regulation 2(1) as:

(a)     any substance or combination of substances presented 

as having properties of preventing or treating disease in 

human beings; or  

(b)     any substance or combination of substances that may be 

used by or administered to human beings with a view to (i) 

restoring, correcting or modifying a physiological function 

by exerting a pharmacological, immunological or metabolic 

action, or (ii) making a medical diagnosis.      

 This broad defi nition is the same as that used in 
Directive 2001/83/EC, but as the 2012 Regulations do 
not include the Directive ’ s express exclusions, most of 
the products that were previously subject to separate 
control under the Medicines Act now fall within the 
scope of the Regulations. 

 In particular, Regulation 46(1) prohibits the sale or 
supply of unauthorised medicinal products, and 
Regulation 46(2) places similar restrictions on the 
sale or supply of medicinal products otherwise than 
in accordance with their marketing authorisation. 
The exemptions to this requirement, and therefore 
the provisions relating to individual patient supply, 
are contained in Regulations 47(7) and 167 – 174 of 
the 2012 Regulations. Regulation 167 permits supply 
for individual patients by doctors, dentists, supple-
mentary prescribers, nurse independent prescribers 
and pharmacist independent prescribers. The 
MHRA ’ s Guidance Note 14  [9]  on the scope and 
application of the equivalent rules under the 1994 
Regulations is instructive, although as at August 2012 

Miscellaneous Provisions) Order 1972  [6]  and the 
Medicines (Exemptions from Licences) (Importa-
tion) Order 1984  [7] . 

 The exemptions from the provisions of Directive 
2001/83 concerning preparation of medicines by 
pharmacists, contained in Article 3, are refl ected in 
the Medicines Act. In the UK, the preparation by 
pharmacists of unlicensed medicines in accordance 
with the prescription of an authorised health care 
professional, where there is no licensed product avail-
able or where the specifi c formulation of the author-
ised products is not appropriate for the patient, it is 
usually referred to as  ‘ extemporaneous preparation ’ . 
An exemption for such activities is contained in 
Section 10 of the Medicines Act. The BP suggests 
that batch manufacture should be undertaken only 
in licensed units holding a  ‘ specials licence ’  and that 
manufacture under the Section 10 exemption should 
only apply to the preparation of products for indi-
vidual patients to fulfi l specifi c prescriptions. How-
ever, it is recognised that batch preparation is 
technically possible under the Section 10 exemption. 
The advice that batch manufacture should take 
place only in licensed units refl ects the fact that these 
units are inspected by the MHRA for compliance 
with Good Manufacturing Practice (GMP). In con-
trast, the preparation activities of individual pharma-
cists are not inspected and are not independently 
audited.  

UK law from 1995  onwards 
 Signifi cant changes to the legal basis for the exemp-
tions, rather than to their scope, were introduced by 
the Medicines for Human Use (Marketing Authorisa-
tions Etc.) Regulations 1994  [8] , which came into 
force on 1 January 1995. The 1994 Regulations sought 
to create a single instrument under which EU regula-
tory requirements could be implemented and 
updated. Prior to that time, rules derived from EU 
Directives were laboriously implemented through 
changes to the Medicines Act and statutory instru-
ments made under it. The 1994 Regulations disap-
plied much of the Medicines Act for  ‘ relevant 
medicinal products ’ , including the licensing provi-
sions contained in Section 7 (and consequently all 
exemptions relating to Section 7). 

 However, the UK ’ s medicines legislation remained 
unwieldy and following a consolidation and simplifi -
cation initiative by the MHRA the 1994 Regulations 
were repealed on 14 August 2012. The provisions of 
the 1994 Regulations can now be found in essentially 
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that the product meets the specifi cation of the doctor, 
dentist, nurse independent prescriber, pharmacist 
independent prescriber or supplementary prescriber 
who requires it.  
(D)     Written records of the manufacture or assem -
bly of the medicinal product are maintained and 
are available to the licensing and enforcement 
authorities.  
(E)     If the product is manufactured or assembled in 
the UK, or imported into the UK from a country 
outside the European Economic Area (EEA), that it 
is manufactured, assembled or imported by the 
holder of the authorisation referred to in Article 40 
of Directive 2001/83/EC. This means that in respect 
of unlicensed products manufactured in the UK, 
or imported from a third county as  ‘ specials ’ , the 
manufacturer or the importer must hold a Manufac-
turer ’ s  ‘ Specials ’  Licence granted by the MHRA. The 
site will be inspected in the normal way to ensure 
compliance with GMP. The MHRA ’ s Guidance Note 
14  [9]  explained acceptable release arrangements 
and the focus of such inspections under the 1994 
Regulations.  
(F)     If the product is imported from a country within 
the EEA, it is manufactured or assembled in that 
country by a person who is the holder of an appropri-
ate specials manufacturing authorisation in relation 
to its manufacture or assembly in accordance with the 
Directive as implemented in that State. Provided the 
product is imported into the UK from an EEA 
Member State in fi nished form, a wholesaler dealer ’ s 
licence will suffi ce for the importer.  
(G)     The product is distributed by way of wholesale 
dealing by the holder of a wholesale dealer ’ s licence.    

 Where unlicensed products are manufactured in 
the UK or imported into the UK by persons holding 
the appropriate licences described above, they may be 
exported to other parts of the EEA by the holders of 
such licences provided the exporter has satisfi ed 
himself that the national legislation in the receiving 
country permits import under its national legislation 
of unlicensed products in accordance with Article 5 
of Directive 2001/83/EC. Where the product has been 
imported into the UK for export in this way, the 
notifi cation requirements set out in  ‘ Products manu-
factured outside the UK ’  below still apply. 

 Paragraph 3 of Schedule 1 to the 1994 Regulations 
extended the exemption to the supply of product for 
limited amounts of stock specially prepared by 
doctors or dentists (or to their order) for administra-
tion to one or more patients, provided that no more 

this was under review by the MHRA in order to 
refl ect the 2012 Regulations.  

Scope of exemptions
 The supply of unlicensed medicinal products for 
individual patients is governed by Regulation 167 of 
the 2012 Regulations (previously paragraph 1 of 
Schedule 1 to the 1994 Regulations). The text follows 
the wording of Directive 2001/83/EC quite closely, 
although curiously it omitted any reference to the 
requirement  ‘ to fulfi l special needs ’  until 2005, when 
it was inserted by an amending Regulation  [10] . The 
current wording of this provision reads as follows:

  The prohibitions in regulation 46 (requirement for authori-

sation) do not apply in relation to a medicinal product (a 

 ‘ special medicinal product ’ ) if:

(a)     the medicinal product is supplied in response to an 

unsolicited order;  

(b)     the medicinal product is manufactured and assembled 

in accordance with the specifi cation of a person who is a 

doctor, dentist, nurse independent prescriber, pharmacist 

independent prescriber or supplementary prescriber;  

(c)     the medicinal product is for use by a patient for whose 

treatment that person is directly responsible in order to fulfi l 

the special needs of that patient; and  

(d)     the following conditions are met.      

 The specifi ed conditions are:
(A)     The medicinal product is supplied to a doctor, 
dentist, nurse independent prescriber, pharmacist 
independent prescriber or supplementary prescriber, 
or for use under the supervision of a pharmacist in a 
registered pharmacy, a hospital or a health centre.  
(B)     No advertisement relating to the medicinal 
product is published by any person. The defi nition of 
 ‘ advertisement ’  in Regulation 7 includes anything 
designed promote the prescription, supply, sale or use 
of that product, but specifi cally excludes the product ’ s 
package or package leafl et, reference material and 
announcements of a factual and informative nature 
(including material relating to changes to a medicinal 
product ’ s package or package leafl et, adverse reaction 
warnings, trade catalogues and price lists) provided 
that no product claim is made. Price lists were once 
seen as prohibited advertisements, but in August 2010 
following the 2007 decision of the Court of Justice 
 [11]  the restriction was deleted and, accordingly, the 
circulation of price lists of unlicensed products is no 
longer prohibited, provided they contain only limited 
information (see  ‘ Advertising ’  below).  
(C)     Manufacture and assembly of the medicinal 
product are carried out under conditions that ensure 
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(c)     the quantity of the sale or supply;  
(d)     the batch number of the batch of that product 
from which the sale or supply was made; and  
(e)     details of any suspected adverse reaction to the 
product sold or supplied of which he is aware. 
However, this does not require a supplier to search 
the literature for reports concerning the substance.    

 Regulations 170(2) and (3) require that person to 
notify the licensing authority of any suspected adverse 
reaction that is a serious adverse reaction and to make 
available for inspection, on request, the records speci-
fi ed under Regulation 170(1). 

 Regulation 171 incorporates the exemption from 
marketing authorisation under the hospital exemp-
tion scheme established by Regulation (EC) 1394/2007 
on ATMPs. ATMPs are excluded from the scope of 
Directive 2001/83/EC to the extent that they are pre-
pared on a non - routine basis according to specifi c 
quality standards equivalent to those provided for 
centrally authorised ATMPs and used in a hospital 
under the exclusive professional responsibility of a 
doctor in order to comply with an individual medical 
prescription for a custom - made product for an indi-
vidual patient. This exemption was included in the 
ATMP Regulation in recognition of the small scale and 
developmental nature of activity carried out in some 
hospitals, which necessitated fl exibility in the regula-
tory requirements. The UK implemented this exemp-
tion via the Medicines for Human Use (Advanced 
Therapy Medicinal Products and Miscellaneous 
Amendments) Regulations 2010, which have now been 
incorporated into the 2012 Regulations and repealed. 

 Whilst legally distinct, there are similarities 
between the hospital exemption under Regulation 
171 of the 2012 Regulations and the individual 
patient supply arrangements under Regulation 167, 
as the products under both schemes are excluded 
from the requirement for marketing authorisation. 
The individual patient supply arrangements under 
Regulation 167 are, in principle, available for ATMPs 
as for any other category of medicinal product. 
However, there are a number of differences between 
the two schemes. Exempt ATMPs must be prepared 
in the UK for use in a UK hospital under the respon-
sibility of a doctor. Products supplied under Regula-
tion 167, however, may be manufactured within or 
outside the UK, for use under the supervision of a 
pharmacist in a pharmacy, hospital or health centre 
in accordance with the specifi cation of a doctor, 
dentist, nurse independent prescriber, pharmacist 
independent prescriber or supplementary prescriber. 
Exempt ATMPs must be prepared on a non - routine 

than 5   L of fl uid and 2.5   kg of solid of all such prod-
ucts were held per doctor or dentist. However, this 
provision was not included in the 2012 Regulations. 

 Regulation 168 sets out an exemption in certain 
circumstances for medicinal products not requiring a 
prescription for sale or supply, which are sold or sup-
plied to a health care professional (as defi ned in 
Regulation 8) exclusively for use by him in the course 
of his business for the purpose of administration oth-
erwise than by sale. Under the 1994 Regulations the 
equivalent exemption was limited to products pre-
pared by or under the supervision of a pharmacist, 
but this restriction is no longer present in the 2012 
Regulations. 

 The exemption in paragraph 5A of the 1994 Regu-
lations for medicinal products authorised in accord-
ance with Article 126a of Directive 2001/83/EC (i.e. 
where, in the absence of a local marketing authorisa-
tion or of a pending application for a product already 
authorised in another Member State, a Member State 
authorises the product to be placed on the local 
market for  ‘ justifi ed public health reasons ’ ) is no 
longer necessary as Regulation 46 of the 2012 Regula-
tions expressly refers to Article 126a authorisations. 

 Regulation 169 incorporates the requirements of 
the Non - Orthodox Practitioners Scheme, previously 
set out primarily in the Medicines (Exemptions from 
Licences) (Special and Transitional Cases) Order 
1971  [5] , with associated guidance in the MHRA ’ s 
Guidance Note 13 (under review by the MHRA as at 
August 2012). This allows the holder of an appropri-
ate manufacturer ’ s licence to mix and assemble 
authorised medicinal products with other authorised 
medicinal products (or substances that are not 
medicinal products) without needing a marketing 
authorisation. The products used must be of general 
sales list status (i.e. not prescription - only medicines). 
There is a requirement for the person to whom the 
products are sold or supplied to be present and to 
make a request for exercise of judgment as to the 
treatment required. The product may not be adver-
tised, and written records of the manufacture of the 
product and its sale must be mentioned and made 
available on request. 

 Regulation 170(1) requires any person selling or 
supplying a medicinal product in accordance with 
any of Regulations 167 – 169 to maintain, for a period 
of at least 5 years, records showing:
(a)     the source from which and the date on which that 
person obtained the product;  
(b)     the person to whom and the date on which the 
sale or supply was made;  
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 Schedule 4 to the 2012 Regulations sets out stand-
ard provisions for manufacturers licences and whole-
sale dealers licences, which include procedural 
requirements for importing products manufac -
tured outside the UK. These state that importing 
a  ‘ special medicinal product ’  (i.e. a medicinal product 
to which Regulation 167 of the 2012 Regulations, or 
any equivalent legislation in an EEA state other than 
the UK, applies) is only permitted provided certain 
conditions are complied with:
(a)     At least 28 days prior to each importation, the 
licence holder must give written notice to the licens-
ing authority, together with certain specifi ed details 
relating to the product, the quantity to be imported 
and the manufacturer/assembler/supplier. The holder 
of a wholesale dealer ’ s licence may only import 
special medicinal products from an EEA Member 
State; a manufacturer ’ s (specials) licence is required 
for imports from a non - EEA country.  
(b)     If, within 28 days of acknowledgement of receipt 
of the notice by the licensing authority, it notifi es the 
licence holder that the product should not be 
imported, the licence holder must comply with this 
notifi cation; if, within this period, he has received 
notifi cation that the product may be imported, he 
may proceed with the importation.  
(c)     In addition to the usual record keeping require-
ments for manufacturers and wholesale dealers, the 
authorisation holder must keep records of the batch 
number of the product and of any adverse reaction 
of which he becomes aware.  
(d)     The licence holder may import on each occa -
sion no more than is suffi cient for 25 single ad -
ministrations or for 25 courses of treatment not 
exceeding 3 months; he must not import more 
than the quantity referred to in the notice. How -
ever, there is no rule against multiple, sequential, 
notifi cations.  
(e)     The licence holder must inform the licensing 
authority forthwith of any matter coming to his 
attention that might reasonably cause the authority 
to believe that the product can no longer be regarded 
as safe for administration to human beings or as of 
satisfactory quality for such administration.  
(f)     The licence holder must cease importation or 
supply if he receives a written notice from the licens-
ing authority requiring cessation.  
(g)     The licence holder must not publish any adver-
tisement, catalogue or circular, or make any represen-
tations, relating to the imported product. (In the 
context of price lists without product claims it would 
appear that this prohibition needs to be interpreted 

basis, whilst products for individual patient supplies 
need only be to fulfi l the  ‘ special needs ’  of that patient. 
The meaning of  ‘ non - routine ’  preparation is deter-
mined with reference to the scale and frequency of 
preparation, whilst  ‘ special needs ’  (discussed further 
in  ‘ Special needs and cost ’ ) is generally interpreted to 
mean the absence of an equivalent licensed product. 
Provided this requirement is met, individual patient 
supplies may, in contrast to ATMPs, be prepared 
on a routine, long - term basis. Further differences 
between the two schemes exist in relation to good 
manufacturing practice, traceability and patient 
information. 

 Regulation 173 contains an exemption for radio -
 pharmaceuticals prepared at the time at which they 
are intended to be administered from an authorised 
kit, generator or precursor in respect of which there 
is a marketing authorisation in force, subject to 
certain conditions set out in separate legislation relat-
ing to treatment with radioactive substances  [12] . 

 Regulation 174 contains an exemption for tempo-
rary supplies of medicinal products authorised by the 
MHRA in response to the suspected or confi rmed 
spread of pathogenic agents, toxins, chemical agents 
or nuclear radiation which may cause harm to human 
beings.  

Products  manufactured  outside the UK
 The Medicines (Exemption from Licences) (Importa-
tion) Order 1984 originally set out additional condi-
tions to be complied with in the case of unauthorised 
medicinal products imported for individual patient 
supply, but that Order was disapplied by the 1994 
Regulations. There were no provisions in the 1994 
Regulations to parallel the 1984 Order and conse-
quently the controls on imported unlicensed prod-
ucts were reduced to the level of those on products 
manufactured in the UK. 

 This was clearly the result of legislative oversight 
and additional controls were reinstated in February 
1999 by the Medicines (Standard Provisions for 
Licences and Certifi cates) Amendment Regulations 
1999  [13] . These Regulations introduced a number of 
amendments to Schedule 3 (standard provisions for 
wholesale dealer ’ s licences) of the Medicines (Stand-
ard Provisions for Licences and Certifi cates) Regula-
tions 1971  [14] . The 1971 Regulations were replaced, 
with respect to relevant medicinal products, by the 
Medicines for Human Use (Manufacturing, Whole-
sale Dealing and Miscellaneous Amendments) Regu-
lations 2005  [15]  which have now been repealed by, 
and consolidated into, the 2012 Regulations. 
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Particular  issues relating to supply
of unlicensed medicines

Advertising
 Regulation 167(3) of the 2012 Regulations (previ-
ously paragraph 2(b) of Schedule 1 to the 1994 Regu-
lations) makes it clear that no advertisement may be 
published to promote the prescription, supply, sale or 
use of special medicinal products. Sale or supply must 
be in response to an unsolicited order from the health 
care professional. The term  ‘ advertisement ’  is defi ned 
broadly in Regulation 7, but the defi nition expressly 
excludes a product ’ s package or package leafl et, refer-
ence material and announcements of a factual and 
informative nature (including: (i) material relating to 
changes to a medicinal product ’ s package or package 
leafl et; (ii) adverse reaction warnings; (iii) trade cata-
logues; and (iv) price lists) provided that no product 
claim is made. These excluded categories are slightly 
broader than the exclusions under the 1994 Regula-
tions, under which issuing catalogues and circulars 
referring to special medicinal products was prohib-
ited. A licence holder may also respond to specifi c 
questions about a medicinal product. The MHRA 
Guidance Note 14  [9]  added internet notices to the 
list of items that would be considered as an advertise-
ment. In relation to price lists, the MHRA advises on 
its website that these should only provide the drug 
name and reference number, dosage form, strength 
pack size and price. No product claims may be 
included. 

 Under the 1994 Regulations it was not clear 
whether suppliers could provide health care profes-
sionals, at the time of supply, purely factual, technical 
information on the use of that product. Since the 
rationale for individual patient supply is that the 
health care professional has requested the product of 
his own accord and is acting on his direct personal 
responsibility, it would seem reasonable to assume 
that he is familiar with its use and should not need 
any further information. On the other hand, particu-
larly where there are known to be signifi cant risks 
associated with the use of the product, it would be 
prudent to issue safety information to minimise the 
product liability exposure of the supplier. As noted 
above, the provision of such information was also 
recommended by the European Commission in 
Volume 9A of the  Rules Governing Medicinal Products 
in the European Union . It was thought unlikely that 
the MHRA would consider this to be advertising, and 
the exclusions from the defi nition of advertising used 
in relation to individual patient supply under the 

in the light of the defi nition on advertising in Regula-
tion 7 of the 2012 Regulations.)    

 It follows that the  ‘ import scheme ’  involves greater 
regulatory oversight than is the case with unlicensed 
products manufactured in the UK. It is diffi cult to see 
the public health justifi cation for this, particularly as 
the imported product may have a marketing authori-
sation in the source country (often the USA) and 
therefore may have undergone a rigorous regulatory 
review of a type entirely lacking in respect of  ‘ specials ’  
manufactured in the UK.  

Position in  other Member States 
 The majority of EEA Member States allow supply of 
unlicensed products if there is no licensed product 
that meets the special needs of the particular patient. 
A notable exception is Belgium, where supplies of 
unlicensed products are only permitted if the product 
in question is the subject of an application for mar-
keting authorisation or is being supplied in the course 
of a clinical trial. However, where allowed, the condi-
tions attaching to such supply vary. In some Member 
States (e.g. Italy) the unlicensed product must be 
imported from a country in which it is already 
authorised. Not all Member States require a notifi ca-
tion to be given to the competent authorities. 

 In France, a revision of various aspects of French 
regulations governing pharmaceuticals was adopted 
by the Assembl é e Nationale and published in the 
Offi cial Journal on 30 December 2011. This restricts 
individual patient supply more than in most Member 
States. It requires a temporary authorisation for use 
granted by the French Drug Agency and this will now 
only normally be granted if initiation of treatment 
is urgent and either: (i) safety and effi cacy can be 
assured based on research results fi led in a pending 
application for marketing authorisation or to be fi led 
within a stated timeline; or (ii) the product is pre-
scribed on the responsibility of a physician to an indi-
vidual patient who cannot be enrolled in a clinical 
trial, but safety and effi cacy can be assumed based 
on current scientifi c knowledge. Even in this second 
case, an application for marketing authorisation must 
have been fi led or the product ’ s manufacturer must 
have committed to fi le or clinical trials in the con-
cerned indication must be ongoing in France. In all 
cases the protocol for use must be agreed with the 
French Drug Agency. The main derogation from this 
rule is where the above requirements are not met, but 
serious consequences to the patient ’ s health can be 
expected if the patient does not receive the product 
promptly.   
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 On several occasions the MHRA has investigated 
the circumstances in which articles in the national 
press have discussed the potential benefi ts of prod-
ucts as yet not authorised. The information given by 
a manufacturer to journalists writing such articles 
may be called for and scrutinised, to establish whether 
the material merely notifi es progress in research and 
development or actually promotes the unauthorised 
product, and the MHRA has written to journalists to 
remind them of their responsibilities (see MHRA 
report of 3 June 2010 discussed above). Guidance 
on what is legitimate, and what is not, is contained 
in the supplementary information to clause 22 of 
the ABPI Code of Practice for the Pharmaceutical 
Industry 2012.  

Quantity
 The 2012 Regulations do not expressly impose any 
limit on the amount of medicinal product that the 
company may supply for use by the health care pro-
fessional ’ s individual patients under Regulation 167. 
Paragraph 3 of Schedule 1 to the 1994 Regulations set 
specifi c restrictions on stock that could be held by 
doctors or dentists (a total of 5   L of fl uid and 2.5   kg 
of solid of all such products per doctor or dentist), 
but these restrictions have not been included in the 
2012 Regulations. Despite the uncertainty, it is likely 
that supply under Regulation 167 should be limited 
to a reasonable course of treatment for a specifi c 
patient for whom the health care professional is pre-
scribing the product. Companies should always be 
suspicious of large orders from health care profes-
sionals and should enquire why such large quantities 
are being sought.  

Health care  professional ’s specifi cation 
 Supplies of special medicinal products under Regula-
tion 167 must be  ‘ manufactured and assembled in 
accordance with the specifi cation ’  of the relevant 
health care professional. Strictly, this means that the 
a product should be made up, or imported, in accord-
ance with the health care professional ’ s specifi cation 
and must not be manufactured in advance of any 
order being received, unless that product is already 
on the market in a country from which it is being 
sourced. As a matter of practice, it is rarely the case 
that a product is formulated in response to a detailed 
specifi cation provided by a health care professional.  

Special needs and cost
 Directive 2001/83/EC requires supply to be to  ‘ fulfi l 
special needs ’ . Curiously, this condition was omitted 

2012 Regulations now confi rm this view. If a company 
does decide to provide such information, it must 
ensure that the wording cannot be said to be an invi-
tation to the health care professional to order further 
supplies of the product, since that would arguably 
amount to illegal promotion through soliciting sub-
sequent orders. 

 In addition to the specifi c prohibitions set out in 
the 2012 Regulations, companies must have in mind 
the more general provisions against the advertising of 
unauthorised medicinal products. It is a criminal 
offence under Regulation 279 of the 2012 Regulations 
(previously regulation 3(1) of the Medicines (Adver-
tising) Regulations 1994  [16] ) to issue an advertise-
ment for a medicinal product in respect of which 
there is no marketing authorisation in force and, 
under Regulation 280 (previously Regulation 3A), 
to issue an advertisement that does not comply with 
the particulars listed in the summary of product 
characteristics. These provisions implement Directive 
92/28/EEC on the advertising of medicinal products 
for human use (now Title VIII of Directive 2001/83/
EC). Corresponding restrictions upon the use of pro-
motional materials also appear in the Code of Prac-
tice of the Association of the British Pharmaceutical 
Industry (ABPI). 

 The MHRA has, since December 2003, published 
on its website the results of its scrutiny of question-
able advertising. It would appear that, up to February 
2012, 35 cases (out of 342) concerned unlicensed 
medicines. The cases included website or journal 
advertising to the public of unlicensed medicines by 
pharmacies and others, such as for the promotion of 
unlicensed immunotherapy tablets on a company ’ s 
UK website (see MHRA report of 13 July 2011). The 
reports also refer to companies trading in unlicensed 
medicines proactively notifying health professionals 
of the future availability of new products (see MHRA 
report of 11 March 2010). Usually, the MHRA warns 
the person concerned as to their obligations and 
requires an immediate end to the promotion in ques-
tion. Prosecution is possible, but rare. Where unli-
censed medicines are promoted on websites, the 
MHRA is likely to require amendment and/or review 
of the relevant website (see, for instance, MHRA 
report of 13 July 2011 on a complaint concerning 
promotion of Oralair, an unauthorised medicine in 
the UK). Where unlicensed medicines are promoted 
via press releases, the MHRA may request the publi-
cation of a corrective press release (see, for instance 
MHRA report of 3 June 2010 on a complaint con-
cerning promotion of Priligy). 
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seek authorisations for products that would previ-
ously have been uneconomic to develop and market. 
Such rewards include market exclusivity for 10 years 
(or 12 years if paediatric research to an approved plan 
has been conducted) and during this period compet-
ing products cannot be approved, save in defi ned 
cases. In such circumstances manufacturers will have 
a legitimate concern if equivalent, but unauthorised, 
medicines are allowed on the market under the 
 ‘ special needs ’  or  ‘ pharmacy preparation ’  exceptions. 

 The MHRA ’ s Guidance Note 14  [9]  stated that 
unlicensed products that are the  ‘ pharmaceutical 
equivalent ’  of available licensed medicinal products 
will not be permitted. A medicinal product will be 
regarded as a  ‘ pharmaceutical equivalent ’  where it 
contains the same amount of the same active 
substance(s), or in the case of liquid dosage forms the 
same concentration; and it is in the same dosage 
form; and it  ‘ meets the same or comparable standards 
considered in the light of the clinical needs of the 
patient at the time of use of the product ’ . In the light 
of this guidance, a different formulation of an author-
ised substance (e.g. one specifi cally formulated for 
children or the elderly, or those with an allergy to a 
particular excipient) might satisfy the principle of 
fulfi lling special needs. Differences in strength are less 
likely to justify a special need and, in principle, the 
fact that a product equivalent to a product authorised 
in the UK is approved outside the UK for a different 
indication is irrelevant. It should be noted that the 
ability of the MHRA to question whether a  ‘ special 
need ’  exists is, in practice, much greater where the 
product is to be imported than where it is procured 
from a  ‘ specials ’  manufacturer in the UK, when the 
MHRA will only investigate when a particular issue 
or complaint is raised. As noted below, the MHRA 
has been consulting on changes to the medicines leg-
islation concerning unlicensed products, and may 
seek to establish a more consistent set of controls for 
supply of unlicensed products, regardless of from 
where they are sourced. 

 The MHRA actively encourages health care profes-
sionals and pharmacists to prescribe and supply 
licensed products in preference to unlicensed products 
meeting the same clinical needs. For instance, in 
2008 the research - based company, Lundbeck, made 
available in the UK a licensed product, Circadin, which 
is a modifi ed - release product containing melatonin 
which was previously only available as an unlicensed 
product. Melatonin products were reported by the 
MHRA to be the largest category of unlicensed prod-
ucts imported into the UK (the MHRA apparently 

from paragraph 1 of Schedule 1 to the 1994 Regula-
tions until 2005. This condition means that the 
exemption should only be available where there is no 
equivalent product containing the same active ingre-
dient already authorised and on the market in the 
UK. This view was endorsed in the MHRA ’ s Guidance 
Note 14  [9] . 

 It is necessary to analyse the meaning of  ‘ special 
needs ’ . It is diffi cult to see how such needs can exist 
where there is a licensed version of the product on 
the market for the health care professional to use. 
However tempting it may be for medical institutions 
to save costs by requesting an unlicensed version of a 
licensed product, economic needs should never be 
special needs in this context. This accords with the 
rationale underlying the Directive, which requires 
only authorised medicinal products to be place on the 
market, unless exceptional circumstances apply. The 
MHRA accepts that where a licensed medicine is 
likely to be unavailable for a signifi cant period, such 
as because of a manufacturing interruption, a  ‘ special 
need ’  may exist, as will be the case where a licensed 
product is discontinued only for commercial reasons. 
However, a temporary lack of availability of a licensed 
product cannot be used to establish a long - term 
supply arrangement in respect of an unlicensed 
product. In addition, the MHRA has stated on its 
website that reasons of costs, convenience or institu-
tional need do not constitute  ‘ special needs ’ . This 
position was endorsed by the Court of Justice in 
Commission v Poland   [3] , which concluded that, 
regardless of a cost comparison, there can be no 
 ‘ special needs ’  where an authorised product with the 
same active substance or substances, the same dosage 
and the same form is available on the market.  

Special needs and differences  between
authorised products and  available
unauthorised products 
 A more diffi cult question arises where the product to 
be manufactured or imported differs in some way 
from the licensed version. Issues may arise, in par-
ticular, where a product has been available only 
in unlicensed presentations and then a different 
company obtains a marketing authorisation in 
respect of it. 

 Normally, it will be marketed at higher cost, 
because the authorisation holder will have had to 
make a substantial investment in tests and trials and 
bringing the product to market. Such cases are 
increasing because the orphan drug legislation within 
the EU offers rewards to manufacturers prepared to 
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tinuing to label their products in compliance with 
Regulation 11 of the 1976 Regulations on a voluntary 
basis. 

 The BP notes that the labelling of medicines is a 
critical contributor to patients ’  safety. It confi rms that 
there are no specifi c legal requirements for labelling, 
but suggests that best practice is to ensure that critical 
items of information should appear on the pack in 
the same fi eld of view. Such information is said to 
include, name, strength, route of administration, 
dosage and warnings. In its interim report of the 
review of the national provisions relating to unli-
censed medicines  [19] , the MHRA proposes that new 
labelling and reimbursement regulations should 
follow the guidance in the BP.  

Charging for  supply
 The 2012 Regulations do not deal with this issue. 
Companies may charge health care professionals for 
products supplied to them on a individual patient 
basis. In the past there have been no specifi c Depart-
ment of Health restrictions on levels of price or price 
increase, as the Pharmaceutical Price Regulation 
Scheme agreed between the Department of Health 
and the ABPI only governs products with a marketing 
authorisation. Nor have there been specifi c controls 
on the costs in respect of which pharmacies could 
seek reimbursement under the National Health 
Service (NHS). 

 However, it has been considered by some that 
pharmacists were making excess margins on unli-
censed medicines.  The Pharmaceutical Journal  noted 
in October 2010  [20]  that the price charged by phar-
macists to the NHS for one of the most common 
 ‘ specials ’  (omeprazole liquid 10   mg/5   mL) varied in 
September 2009 between  £ 13.87 and  £ 812.62. At that 
time the cost of all unlicensed medicines to the NHS 
had risen from  £ 57 million to over  £ 160 million in 4 
years. With effect from 1 November 2011, the Drug 
Tariff was therefore expanded to create a new section 
on unlicensed medicines. New Part VIII B is entitled 
 ‘ Arrangements for payment for Specials and Imported 
Unlicensed Medicines ’ . This now sets limits on prices 
of a defi ned list of unlicensed medicines ( ‘ specials ’ ), 
when supplied on NHS prescription. These are cur-
rently the high cost, high volume unlicensed medi-
cines commonly prescribed by NHS health care 
professionals, but it is likely it will be progressively 
expanded and that the prices will also be reviewed. In 
addition, the pricing of prescriptions for unlisted spe-
cials is also restricted depending on how the product 
was sourced. Prescriptions of imported unlicensed 

received 1053 notifi cations of imports of these prod-
ucts in the 6 months to June 2008). The MHRA issued 
a press release to notify the availability of a licensed 
product and asked health care professionals to pre-
scribe and pharmacists to supply only licensed 
product. It also gave notice that approval to import 
unlicensed product would only be given where the 
prescriber gave written details of the special clinical 
need to the importer (such as where an alternative 
dosage form was required) which, in turn, would be 
submitted to the MHRA. The MHRA may recom-
mend that manufacturers granted a marketing 
authorisation for a product previously widely sup-
plied as an unlicensed medicine should give notice to 
those manufacturing or importing the unlicensed 
product of the change in the regulatory environment 
that would arise on launch of the authorised product.  

Controlled  drugs
 Where the medicinal product in question is a control-
led drug within the misuse of drugs legislation  [17] , 
additional controls will apply. Drugs are classifi ed in 
various schedules according to their perceived risk of 
harm. In the case of most of the products covered by 
the legislation, it will be necessary to obtain a licence 
from the Home Offi ce in order to import the product 
from another country.  

Patients  ordering  products 
over the internet
 Where a patient orders a product for his or her own 
use direct from a supplier in another country, that 
will not normally be caught by the rules on individual 
patient supply, because the product will not be  ‘ placed 
on the market ’ . However, it is possible that the sup-
plier of that product (which is likely to be a 
prescription - only medicine) will be committing an 
offence in the country in which it operates, particu-
larly if it has advertised the product or supplied it 
otherwise than in response to a prescription.  

Labelling
 Confusion remains on the rules covering the labelling 
of unauthorised medicines. Special provisions were 
contained in Regulation 11 of the Medicines (Label-
ling) Regulations 1976  [18] . The 1994 Regulations 
disapplied the 1976 provisions, but did not introduce 
replacement provisions for medicinal products 
without a marketing authorisation. The 2012 Regula-
tions do not specifi cally address labelling of unau-
thorised products, and in the absence of further 
legislation on this point, many companies are con-
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General Monograph on Unlicensed Medicines, but 
where an individual monograph exists for an 
imported unlicensed medicinal product, the product 
must comply with the monograph. In relation to the 
position of health care professionals, it is emphasised 
that the prescribing health care professional owes a 
duty of care to the patient receiving the medicine 
with the result that:

  An appropriate risk assessment should be undertaken, which 

includes consideration of the suitability and fi tness for 

purpose of the drug product. The risk assessment should 

also consider the contribution of the excipients to the safety 

profi le of the unlicensed medicine.   

 The BP goes on to state that manufacture or prepara-
tion of unlicensed medicine:

  Should only be undertaken by competent staff within suit-

able facilities and using equipment appropriate for the scale 

of manufacture and specifi c dosage form. Where such a 

monograph is available, the medicinal substance and any 

excipients must comply with the specifi c monograph 

requirements of the Pharmacopoeia. The medicinal sub-

stance and any excipients must also comply with the General 

Monograph for Substances for Pharmaceutical Use and, 

where appropriate, the provisions of Supplementary Chapter 

IV J on the Control of Impurities in Substances for Pharma-

ceutical Use and the General Monograph for Products with 

Risk of Transmitting Agents of Animal Spongiform Enceph-

alopathies. Unlicensed medicines must comply with the 

requirements of the General Monograph for Unlicensed 

Medicines and with the requirements of the relevant General 

Monograph for the specifi c dosage form. Where a BP mono-

graph for a formulated preparation is available, the product 

must comply.    

Unlicensed medicines for children 
 The signifi cant demand for unlicensed medicines to 
treat children is often the subject of comment. EU 
legislation relating to paediatric research  [21]  seeking 
to obviate the need for use of unlicensed medicines 
longer term was introduced in January 2007, and over 
time it is anticipated that the number of medicines 
licensed for use in children will increase. However, in 
the meantime, the informed use of unlicensed medi-
cines (or licensed medicines for unlicensed applica-
tions) remains a necessary part of paediatric practice. 
The Joint Committee of the Royal College of Paediat-
rics and Child Health and the Neonatal and Paediatric 
Pharmacists Group has published a statement provid-
ing guidance to health professionals and parents 
who prescribe, dispense or administer medicines for 
children  [22] . The  British National Formulary for 

medicines or products sourced in the UK from man-
ufacturers holding a manufacturer ’ s  ‘ specials ’  licence 
that are not listed individually in Part VIII B attract 
reimbursement at the price endorsed on the prescrip-
tion, and this must be the invoice price less any dis-
count or rebate given to the pharmacist and linked to 
the procurement of the product. Where products are 
manufactured by the pharmacist under the exemp-
tion under Section 10 of the Medicines Act 1968, the 
pharmacist will be paid the cost of the ingredients 
used to manufacture the product. Additional fi xed 
fees (initially  £ 20) for  ‘ out of pocket expenses ’  (e.g. 
carriage) can be obtained if the prescription is appro-
priately endorsed.  

Manufacture  of, and  wholesale dealing in, 
unlicensed medicines
 The rules described above provide exemptions from 
the requirement to hold a marketing authorisation, 
but other activities involved in the supply of medi-
cines on a individual patient basis need to be carried 
out under the appropriate authorisations. Accord-
ingly, in relation to manufacture, Regulation 17(1) of 
the 2012 Regulations requires those involved in the 
manufacture or assembly of a medicinal product to 
hold a manufacturer ’ s licence. Regulation 46(4) of the 
2012 Regulations prohibits the manufacture of a 
medicinal product unless that product has a market-
ing authorisation that is subject to Regulation 167(6) 
of the 2012 Regulations which requires the manu-
facturer or assembler in the UK of an unlicensed 
product for individual patient supply to hold a par-
ticular type of manufacturer ’ s licence (a manufac-
turer ’ s  ‘ specials ’  licence). This requires compliance 
with GMP, and manufacturing facilities are subject to 
MHRA inspection. 

 Likewise, Regulation 18(1) of 2012 Regulations 
requires those involved in the wholesale dealing of a 
medicinal product to hold a wholesale dealer ’ s licence. 
If the product is imported from another Member 
State, a wholesale dealer ’ s licence will be required. If 
it is imported from a country outside the EEA, a 
manufacturer ’ s licence will be required. Regulation 
167 of the 2012 Regulations confi rms that these pro-
visions apply equally to individual patient supply. 

 In relation to manufacture, the BP states that since 
specials are manufactured in accordance with GMP, 
there is some assurance of the manufacturing quality, 
but the intrinsic safety and effi cacy of specials are 
not assessed and are the responsibility of the pre-
scriber and the supplier. It is noted that imported 
unlicensed medicines are outside the scope of the 
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supply to the health care professional would then 
need to comply with the provisions regarding indi-
vidual patient supply, unless the health care profes-
sional decided to carry out his own clinical trial. 

 The distinction between supply for use by particu-
lar patients and supply for use in a clinical trial is, 
therefore, important, particularly because the rules in 
the latter case are stricter, and companies must be 
certain about the basis upon which supply of unli-
censed products is made. Various factors are relevant 
in determining the basis of supply, such as the 
purpose of the administration (individual patient 
supply is concerned with treatment; clinical trials are 
primarily concerned with testing the effects of treat-
ment), the number of patients being treated and the 
degree of organisation and co - ordination between 
health care professionals treating patients. 

 The EMA guideline on compassionate use  [4]  pro-
vides that compassionate use supply should not slow 
down the initiation or continuation of clinical trials 
intended to provide essential information relative to 
the benefi t – risk balance of a medicinal product. It 
advises that patients should always be considered for 
inclusion in clinical trials before being offered com-
passionate use programmes.  

Early access proposals in the  UK
 On 13 July 2012 the MHRA announced a public con-
sultation on a proposed scheme to allow access to 
certain types of new medicines before they are for-
mally licensed (the Early Access to Medicines 
Scheme). If implemented this will be a voluntary, 
non - statutory arrangement operating within the 
existing UK regulatory structure. The MHRA envis-
ages providing scientifi c opinions on the benefi ts and 
risks of using new medicines for life - threatening, 
chronic or seriously debilitating conditions before 
they are formally licensed and where no adequate 
treatment options currently exist. These opinions 
will be published on the MHRA website in order to 
assist health care professionals in making treatment 
decisions and purchasers in making funding 
decisions. 

 The MHRA ’ s consultation document on the pro-
posed Early Access to Medicines Scheme states that 
companies will not be able to draw the attention of 
health care professionals to products reviewed under 
the scheme, but rather that it will be for the NHS and 
health departments to determine how best to dis-
seminate the MHRA ’ s views. This new arrangement 
appears to be entirely consistent with the restrictions 
on advertising unlicensed medicines discussed above, 

Children  (BNF - C) also provides information and 
guidance on medicines for use in children.  

NHS health care  standards 
 In relation to health care systems and medicines man-
agement in England, Regulation 13 of the Health and 
Social Care Act 2008 (Regulated Activities) Regula-
tions 2010 requires health care service providers to 
make  ‘ appropriate arrangements ’  for ( inter alia ) the 
handling, using and dispensing of medicines used in 
their service in order to protect service users against 
the unsafe use and management of medicines. Guid-
ance issued by the Care Quality Commission  [23]  
requires service providers to  ‘ take account ’  of medi-
cines recommended prescribing regimes. This 
appears to encompass unlicensed medicines as well as 
medicines with a marketing authorisation. It is envis-
aged that Trusts will produce an annual report on 
medicines management. In addition, the National 
Patient Safety Agency has responsibilities in relation 
to the use of medicines by patients and issues patient 
safety alerts to the NHS which may cover aspects of 
unlicensed medicines use.  

Clinical trials
 The widest use of unlicensed medicinal products is in 
the course of clinical trials. It is important to distin-
guish between clinical trial use and individual patient 
use, as very different rules govern these different types 
of use. 

 The rules governing clinical trials in the UK are set 
out in the Medicines for Human Use (Clinical Trials) 
Regulations 2004  [24] , which implement Directive 
2001/20/EC on Good Clinical Practice in the conduct 
of clinical trials. Clinical trials require advance 
approval from an ethics committee and from the 
MHRA. They also have different manufacturing and 
labelling requirements. European law forbids charg-
ing for clinical trial products, although the MHRA 
appears to interpret this as allowing institutions to be 
charged (such as for health care professional initiated 
studies) provided the patient is not charged. 

 Clinical trials are sometimes continued for an open 
extension period. This is permissible, provided there 
are genuine scientifi c reasons for continuing the 
study (rather than commercial reasons, such as 
attempting to create demand for the product) and 
that the appropriate regulatory clearance has been 
obtained. If the company does not wish to do this, it 
would be open to the health care professional to 
request further supplies of the product, but the 
company must not invite him to do this. Any further 
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However, where medical treatment is given under the 
NHS, it is characterised as received pursuant to a 
statutory right arising under the NHS legislation, 
rather than under a contract (even if a prescription 
charge is paid). Therefore, all claims must be made in 
tort for negligence. 

 For the purposes of strict liability under the 1987 
Act a product is not defective if it offers the safety 
persons generally are entitled to expect, having regard 
to matters such as presentation and the purposes for 
which it might reasonably be used. The concept of 
reasonable use can readily be related to the licensing 
status of the product. Unless the producer was 
wrongly promoting the unlicensed product, he would 
no doubt argue that the product is not defective 
because its unlicensed status necessarily qualifi es the 
safety profi le that can reasonably be expected. In con-
trast, the institution providing private care has a 
primary obligation in contract for injury fl owing 
from the supply of a product in breach of the implied 
term of  ‘ fi tness for purpose ’ . 

 The same basic standard of care applies in respect 
of a health care professional ’ s conduct, regardless of 
whether the treatment is being made privately under 
contract or under the NHS. The legal standard is 
encapsulated in the Bolam test:

  A doctor is not guilty of negligence if he has acted in accord-

ance with the practice accepted as proper by a responsible 

body of medical men skilled in the particular art.    . . .    Putting 

it the other way round, a doctor is not negligent, if he is 

acting in accordance with such a practice, merely because 

there is a body of opinion which takes a contrary view  [25] .   

 Minor modifi cations of the test have been made in 
case law to refl ect the fact that the Court defi nes the 
standard and, therefore, inappropriate conduct 
cannot be justifi ed by the mere fact that a body of 
health care professionals acts similarly. The practice 
must  ‘ rightly ’  be supported by an appropriate body of 
medical opinion  [26] . The standard of care to be 
achieved is affected by the apparent level of specialisa-
tion of the health care professional in question. For 
example, a consultant is required to show the skill and 
care of persons operating in that specialist fi eld and 
not that of a general practitioner. 

 The Bolam test governs all aspects of the health 
care professional – patient relationship. Accordingly, 
in counselling a patient, the Bolam test will be applied 
in relation to the health care professional ’ s recom-
mendation to treat the patient with an unlicensed 
medicine (or indeed with a licensed medicine, but for 
an unauthorised use). 

and if anything will bring the current informal 
arrangements under closer scrutiny by the MHRA.   

Product  liability issues

Health care  professionals 
 Article 5.1 of Directive 2001/83/EC refers to the per-
sonal responsibility of the health care professional 
treating a patient with an unlicensed medicines. Con-
sistent with this, Regulation 167(1) of the 2012 Regu-
lations states that the supply of the unlicensed 
product must be for use by the individual patients of 
the doctor, dentist, supplementary prescriber, nurse 
independent prescriber or pharmacist independent 
prescriber on his direct personal responsibility. 
Health care professionals should be aware of the 
product liability implications of using such products, 
even though both the health care institution and the 
MHRA (approving the import of a product, for 
instance) may, in certain circumstances, share respon-
sibility with the treating the patient. 

 The health care professional owes the patient a 
duty of care to act with appropriate skill and caution 
in advising upon and administering a treatment. 
Health authorities or, in the private sector, the corpo-
ration running the hospital will be vicariously liable 
for the negligence of those that they employ to 
provide care to patients. The liability of a health care 
professional will normally be based in negligence. 
The tort of negligence is based on the omission to do 
something that a reasonable man, guided by the con-
siderations that ordinarily regulate appropriate 
conduct, would do, or doing something that a reason-
able man would not do. 

 In the private sector it may be possible to frame a 
case in contract. As the courts will imply a contractual 
term that the health care professional will use reason-
able skill and care in the treatment of a patient, the 
extent of the duty of care can in practice be treated 
as identical to that imposed by the tort of negligence. 
However, a claim in contract may be advantageous 
where a contract for private treatment also involves 
the supply of a particular drug. It may be easier to 
argue that an unlicensed product was not  ‘ reasonably 
fi t for its purpose ’  under legislation relating to the 
supply of goods and services. A claim against the 
authority or company controlling the institution 
where the treatment is provided might more readily 
be made on this basis than against the producer of 
the product on the grounds that it is defective for the 
purposes of the Consumer Protection Act 1987. 
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 This remains a relevant statement under the revised 
rules. The MHRA has suggested in its consultation 
paper on possible changes in the regime for unau-
thorised products discussed below, that the increased 
responsibility and potential implications for the 
health care professional ’ s professional indemnity 
arrangements might be unfair if the NHS, for some 
reason, positively encourages clinicians to make use 
of an unlicensed product. Nevertheless, the increased 
exposure of health care professionals using unli-
censed products is widely accepted. 

 A lead article in the  Drug and Therapeutics Bulletin
 [29]  entitled  ‘ Prescribing unlicensed drugs or using 
drugs for unlicensed indications ’  notes that the Medi-
cines Act and European legislation preserves a health 
care professional ’ s clinical freedom to act as he or she 
sees to be in the best interests of the patient and that 
products prescribed by health care professionals 
outside the licence can be dispensed by pharmacists. 
However, the  Drug and Therapeutics Bulletin  goes on 
to emphasise the increased responsibility of the 
health care professional:

  The responsibility for prescribing any medicine falls on the 

doctor, but if the prescription is for an unlicensed medicine, 

or for an unlicensed indication, the prescriber could be par-

ticularly vulnerable.   

 In relation to the practical implications, the  Drug 
and Therapeutics Bulletin  makes the following state-
ments which are consistent with the analysis of the 
law set out above:

  In using an unlicensed drug, or a drug in a way incompatible 

with the data sheet, the doctor must act responsibility and 

with reasonable care and skill. When prescribing outside a 

licence it is important the doctor does so knowingly, recog-

nises the responsibility that such prescribing entails and 

when obtaining consent to treatment should, where possible, 

tell the patient of the drug ’ s licensed status, and for an unli-

censed product that its effects will be less well understood 

than those of a licensed product.   

 The article concludes:

  Doctors may prescribe unlicensed medicines or depart from 

the prescribing directions given in the data sheet of licensed 

medicines. Such prescribing should be done knowingly, and 

where possible the position explained to the patient in suf-

fi cient detail to allow them to give informed consent. Pre-

scribing outside the licence alters, and probably increases, 

the doctor ’ s professional responsibility.    

 It follows that where use of an unauthorised medi-
cine can be shown to be consistent with the conduct 
of a responsible body of relevant medical opinion, 
any claim by the patient may well fail. In contrast, if 
it can be shown that no relevant body of responsible 
health care professionals would, on the facts of the 
case, rightly advise treatment with an unauthorised 
product, the claim may succeed, unless it cannot be 
shown that the injury actually resulted from such use 
(e.g. if the adverse event would have arisen even if an 
authorised product had been used). 

 There are few English cases directly concerned with 
the exposure of health care professionals in relation to 
unlicensed use. In one case a Registrar was found to 
have failed in her duty to explain to the patient at the 
beginning of treatment with an unlicensed allergen 
that there were certain risks attaching to treatment 
 [27] . In this context it was noted that it was incum-
bent upon health care professionals dispensing an 
unlicensed treatment to exercise caution and to be 
alert to any reports of possible adverse events sur-
rounding such use, even more so than when using 
licensed products that have undergone extensive clini-
cal trials for their indication. It was also said that it was 
the duty of the health care professional to provide the 
patient with information that enabled the patient to 
make a balanced judgement about treatment. 

 In contrast, and consistent with the Bolam test, in 
another case, the High Court found a doctor not to 
be negligent where a patient suffered injury after 
treatment with gentamicin despite the fact that the 
doctor had used a dose in excess of that approved in 
the product information  [28] . The doctor was able to 
produce evidence to indicate that the dose he used 
was consistent with a body of medical opinion that 
took the view that the approved data sheet erred on 
the side of caution. 

 Medicines Act Leafl et 30 (1985) is no longer in 
force, because of changes in the regulatory frame-
work, but it is instructive that the original guidance 
of the Medicines Control Agency (now the MHRA) 
on the provisions of the legislation affecting doctors 
and dentists, stated that:

  It should be remembered that a practitioner prescribing an 

unlicensed medicine does so entirely on his own responsibil-

ity, carrying the total burden for the patient ’ s welfare and, in 

the event of an adverse reaction, may be called upon to 

justify his actions. Under these circumstances it may be 

advisable for the practitioner to check his position with his 

medical defence union before prescribing such unlicensed 

products.   
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the health care professional to sign, which highlights 
the unlicensed status of the product and reminds the 
requesting health care professional that he has a per-
sonal responsibility for his use of the product. It can 
usefully require him to agree to counsel the patient 
on the regulatory status of the product, to keep 
records of such counselling and return any unused 
product and to report any adverse events occurring. 
It can also be useful to explain (if product is being 
supplied free) that there is no obligation to continue 
to supply product for the patient if and when market-
ing authorisation is granted. 

 A further possibility is for the company to provide 
a form for patients to sign, recording their consent to 
treatment with the unauthorised product. As a matter 
of English law, such a consent form could not exclude 
the manufacturer ’ s liability for personal injury for 
negligence or under the Consumer Protection Act 
1987  [30] . Nevertheless, it might be helpful in quali-
fying the patient ’ s expectations of safety from the 
product and reduce the risk of a claim being made.  

Hospitals
 In its Guidance Note 14  [9]  the MHRA states that 
hospital trusts and independent hospitals should 
have clear policies on the use of unlicensed medi-
cines, explaining liability considerations and requir-
ing all those involved in the supply chain to ensure 
that the unlicensed status of a product is communi-
cated to the patient and fully understood.   

Professional  guidance

Doctors 
 The practice of competent practitioners is infl uenced 
by the guidance that the profession provides to its 
members. It is therefore relevant to look at the guid-
ance provided by the GMC. Under Section 35 of the 
Medical Act 1983, the GMC has powers to provide 
advice for doctors on standards of professional 
conduct. The GMC provides quite detailed guidance 
to doctors in the form of booklets and on its website. 
It has issued guidance for doctors entitled  Good Prac-
tice in Prescribing Medicines  (2008). This includes, at 
paragraph 18, guidance on prescribing unlicensed 
medicines. It states that doctors can prescribe unli-
censed medicines but that if they decide to do so they 
must meet the following requirements:

1.     Be satisfi ed that an alternative, licensed medicines would 

not meet the patient ’ s needs;  

Manufacturers and  suppliers 
 In theory, therefore, the health care professional is 
best able to assess the risks and potential benefi ts to 
his patient, and to decide that the balance of advan-
tages and disadvantages lies in favour of the use of a 
particular unauthorised product. It follows that a 
company receiving a request from that health care 
professional is entitled to assume that the health care 
professional understands the properties of the 
product and will exercise reasonable care and skill in 
using it so as to avoid causing injury to his patient. 
However, the principle that procurement is the health 
care professional ’ s sole responsibility does not provide 
companies with total protection against liability 
where a patient is injured. A manufacturing defect 
could give rise to a claim, as could answering a request 
for product information in a way that is later found 
not to refl ect accurately the state of scientifi c and 
technical knowledge. At the operational level, manu-
facturers must apply proper care and rigorous quality 
controls during production, to ensure that they 
supply unlicensed medicinal products of the highest 
quality. 

 More generally, companies should respond with 
great care to requests for unlicensed products from 
health care professionals, bearing in mind that there 
is no legal obligation to comply with such requests. If 
they do not act with caution, companies risk becom-
ing involved in a negligence claim, or in a product 
liability action under the Consumer Protection Act 
1987 for supplying a defective product. 

 Where a company suspects that the product is to 
be used in a way that is not safe for patients, its duty 
to those patients may involve warning the health care 
professional that it considers the proposed use to be 
hazardous and, if necessary, refusing or terminating 
supply. While there is no general obligation to provide 
product information with unlicensed medicines 
(and, as noted above, the use of promotional material 
is prohibited), from a product liability standpoint, the 
provision of basic safety information about the 
product is a sensible precaution. As noted earlier, 
such a practice was also effectively endorsed by the 
European Commission in what was previously 
Volume 9A of the  Rules Governing Medicinal Products 
in the European Union . 

 Companies are advised to have in place a standard 
operating policy for dealing with and recording 
requests for individual patient supply, even though 
this can never act as a guarantee against a patient 
making a claim at a later stage. As part of this, it is 
useful to have a standard supply and consent form for 
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was not, in these circumstances, automatically neces-
sary to draw the patient ’ s attention to the licensed 
status of a medicine. 

 The revision is proposed at a time when some 
Primary Care Trusts are encouraging health profes-
sionals to use licensed products off - label and unli-
censed products, if considerable cost - savings would 
result when compared with the cost of prescribing 
licensed products. Guidance by some Primary Care 
Trusts has even proposed prescription of unlicensed/
off - label alternatives to licensed products that have 
been found cost - effective by the National Institute for 
Health and Clinical Excellence (NICE), but are 
expensive. This is despite the fact that Department of 
Health Directions provide that such products should 
be made available to patients with a clinical need for 
them. Where products are re - packaged into small 
units to facilitate off - label use, the resulting product 
is unlicensed and is not merely being used off - label. 

 It is understood that the GMC is keen to avoid 
doctors being in the diffi cult position of deciding 
between following the requests of their employing 
authorities (or sometimes even of NICE) or following 
the current GMC guidance. NICE will not complete 
appraisals of a new product until it is authorised, 
unless exceptionally directed to do so by the Depart-
ment of Health. However, under its procedures  [32]  
NICE is allowed to treat as a comparator in the assess-
ment of clinical and cost - effectiveness, a product that 
does not have a marketing authorisation for the indi-
cation under consideration, provided such product is 
used  ‘ routinely ’  for the indication in the NHS. This is 
controversial because it could potentially lead to a 
recommendation on cost grounds to use a product 
unlicensed for the indication in issue, in preference 
to a product approved for such use. Such recommen-
dations are rare, but an example is the recommenda-
tion in a clinical guideline for managing patients with 
Generalised Anxiety Disorder  [33]  to prescribe ser-
traline on cost - effectiveness grounds, even though 
this is a selective serotonin reuptake inhibitor that, at 
the time of the recommendation, did not have a mar-
keting authorisation in the UK for that indication. 

 Unsurprisingly, the GMC ’ s proposal proved con-
troversial and the consultation period was extended 
to June 2011. The ABPI has argued that this proposal 
would undermine the EU regulatory framework and 
would be at odds with accepted ethical standards on 
the provision of material information to patients 
 [34] . It is understood that the MHRA has consider-
able concerns about the proposal as well. In Novem-
ber 2011 the European Federation of Pharmaceutical 

2.     Be satisfi ed that there is a suffi cient evidence base and/or 

experience of using the medicine to demonstrate its safety 

and effi cacy;  

3.     Take responsibility for prescribing the unlicensed medi-

cines and for overseeing the patient ’ s care, including moni-

toring and any follow - up treatment (see also paragraphs 

25 – 27 on prescribing for hospital out - patients);  

4.     Record the medicine prescribed and, where you are not 

following common practice, the reasons for choosing this 

medicine in the Patient ’ s notes.      

 The guidelines go on to state at paragraphs 21 and 22 
that it is good practice to give as much information 
as patients require or which they may see as signifi -
cant. At paragraph 23 it is said that the doctor should 
explain the reasons for prescribing a medicine that is 
unlicensed. 

 The theme of this advice is also refl ected in the 
British National Formulary  (BNF). It includes a refer-
ence to unlicensed medicines:

  Where an unlicensed drug is included in the BNF, this is 

indicated in brackets after the entry. Where the BNF suggests 

a use (or route) that is outside the licensed indication of a 

product ( ‘ off - label ’  use) this too is indicated. Unlicensed use 

of medicines becomes necessary if the clinical need cannot 

be met by licensed medicines; such use should be supported 

by appropriate evidence and experience.   

 It follows from the above that, where there is an 
appropriately licensed alternative, the GMC does not 
currently deem it good practice to use an unlicensed 
product or use a product outside the terms of its 
authorisation, unless a cogent case can be put forward 
that it better serves the needs of the particular patient. 
The GMC states, in other general guidance, that 
doctors must have regard to costs in the sense that 
doctors should  ‘ make effi cient use of the resources 
available ’  to them. This cannot properly be viewed as 
requiring use of unlicensed products, where the needs 
of the patient can be met by use of a licensed product, 
as the Court of Justice and the Advocate General in 
Commission v Poland   [3]  have cogently explained. 

 In 2011 the GMC consulted on an amendment to 
its guidance on various matters including good prac-
tice in prescribing  [31] . This proposed a signifi cant 
change to allow prescription of a product outside a 
clinical research protocol, for an off - label use or of 
unlicensed medicine, if either there is no appropri-
ately licensed alternative available  ‘ or you are satisfi ed, 
on the basis of authoritative clinical guidance, that it 
is as safe and effective as an appropriately licensed 
alternative ’ . The proposed revision also suggested it 
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Drug Agency endorsement bars reimbursement 
under the French social security schemes.  

Pharmacists
 The Royal Pharmaceutical Society of Great Britain 
periodically issued guidelines on the use of unli-
censed medicines in pharmacies  [36] . From 2010 the 
regulatory, disciplinary and general law enforcement 
functions of the Society passed to the General Phar-
maceutical Council. New guidance on conduct and 
ethics and related matters were then issued, in Sep-
tember 2010, by the Council. This says relatively little 
about unlicensed medicines, but notes the obligation 
of pharmacy owners and superintendent pharmacists 
of retail pharmacy businesses to ensure that products 
with marketing authorisations are supplied, where 
such products are available in a suitable form, in pref-
erence to unlicensed products, unless an express 
exemption has been authorised by the Council (as has 
been done in relation to extemporaneous preparation 
of methadone). Although the previous Society guid-
ance must be treated as no longer in force, the con-
tents remain informative and there is no suggestion 
that it should be treated as wrong. The guidelines 
noted that if a patient suffers injury following admin-
istration of an unlicensed medicine, the pharmacist 
may have some exposure to liability, along with the 
prescribing doctor, and that the extent of this expo-
sure will vary depending upon the facts of the case. 
In addition, in relation to extemporaneous prepara-
tion, it was said that a product should be prepared 
only where certain conditions are met, including that 
the product is capable of preparation in compliance 
with accepted standards, the particular staff are com-
petent to undertake this task, appropriate facilities 
and equipment exist, records are kept, the product is 
appropriately labelled, and the pharmacist is satisfi ed 
as to the safety and appropriateness of the formula of 
the product.  

Attitude of the protection  societies
 The Medical Defence Union (MDU) and Medical 
Protection Society (MPS) indemnify doctor members 
in relation to claims of negligence brought against 
them. They do not act as insurance companies and, 
strictly speaking, the benefi ts provided are discretion-
ary. The fact that they are discretionary gives the 
organisation some ability to forewarn doctors of 
cases where it is unlikely that the discretion will be 
exercised in their favour. Surprisingly, neither the 
MDU nor the MPS appears to have published specifi c 

Industries and Associations made similar points in 
the position paper it issued on the cost - driven trend 
towards promotion of off - label use of medicines by 
European health care bodies in indications where 
authorised medicines are available  [35] . 

 As of August 2012, no fi nal revised guidance has 
been issued by the GMC, although correspondence 
between the GMC and consultees in 2011 that has 
been made publicly available indicates that the GMC 
was seeking to draw a distinction between prescrip-
tion of unlicensed products and off - label prescription 
but as of April 2012 had decided, pending receipt of 
further legal advice, not to change its previous guid-
ance. The GMC has also noted that the consultation 
gave rise to much discussion on what is to be treated 
as  ‘ authoritative clinical guidance ’  supporting such 
prescription. 

 As in the UK, most Member States tend not to have 
legislation expressly controlling off - label prescrip-
tion, although some have controls on reimbursement 
for such use. However, in December 2011 the Assem-
bl é e Nationale in France approved a new bill creating 
various additional regulatory controls for pharma-
ceutical and health care products. An implementation 
decree, expected before 1 August 2012, is required 
before the provisions come into force, but under the 
new provisions off - label prescription will only be per-
missible if there is no authorised therapeutic alterna-
tive and either (i) the French Drug Agency has 
endorsed this off - label use in specifi c recommenda-
tions, or (ii) the health care professional considers, 
based on objective scientifi c data, that the patient ’ s 
condition cannot be improved or stablised without 
using the product off - label. This provision, there -
fore, seems to give legislative force to the principles 
underlying Directive 2001/83/EC and ethical stand-
ards of the type that the GMC ’ s existing guidance 
enshrines. 

 It is of interest that if off - label use of a product has 
been endorsed by the French Drug Agency, the holder 
of the marketing authorisation for the product in 
question is required to monitor such use and may 
later have an obligation to seek a new indication for 
such product. In contrast, if the French Drug Agency 
does not endorse such use then the authorities may 
request the holder of the marketing authorisation to 
take action to prevent off - label use and failure to do 
so may attract fi nancial penalties. The new law also 
requires the health care professional to inform the 
patient of the justifi cation for off - label use and this 
must also be documented in the patient ’ s medical 
records. Off - label use that is not backed by the French 
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regulatory burden relating to unlicensed medicines may have 

the effect, intended or otherwise, at the margins of shifting 

the balance of demand between licensed and unlicensed 

medicines. It will be important to ensure that any proposed 

changes recommended by this review do not undermine the 

medicines licensing system and the safeguards if (sic) gives 

to patients on safety, quality and effi cacy.   

 The MHRA notes that the use of unlicensed 
products appears to be increasing. Notifi cations for 
import were under 20,000 in 2000, but by 2006 had 
risen to approximately 180,000. Curiously, when fees 
for notifi cations were introduced in 2007, the fi gure 
for notifi cations fell to 60,000, although the  ‘ special 
needs ’  of patients will surely not have evaporated. 
The MHRA notes that it has no accurate data on the 
size of the  ‘ specials ’  market, but believes it to have 
increased. 

 These considerations and trends, together with the 
age and patchwork nature of the existing legislation, 
have encouraged the MHRA to review the rules and 
assess whether they meet the expectations of stake-
holders, could provide clearer accountability and, in 
particular, could determine the extent to which the 
MHRA should be able to  ‘ second guess ’  the judge-
ment of the clinician on whether a patient genuinely 
has a  ‘ special need ’  or whether, for instance, there is 
merely a desire to access less costly (but unauthor-
ised) products. The review also will examine whether 
the current balance between regulatory intervention 
by the MHRA and professional guidance and govern-
ance arrangements in the NHS and private health 
care is appropriate. 

 In May 2009 the MHRA issued its Interim Report 
on the review. It identifi es three main areas for pos-
sible amendment of regulatory requirements that it 
believes will enhance public health protection and 
upon which further consultation will now take place. 
These are quality standards, patient information and 
pharmacovigilance. An important proposal poten-
tially relevant to liability issues is that all unlicensed 
medicines be supplied with a patient information 
leafl et and a technical information leafl et directed at 
the health care professional. The MHRA also propose 
that specifi c labelling requirements be introduced. In 
relation to pharmacovigilance it is proposed that all 
suspected adverse reactions be notifi ed to the MHRA 
and not just serious reactions. More generally, the 
MHRA propose a new regulatory framework based 
either on a revised notifi cation system, or a list system 
that would indicate products for which no notifi ca-
tion is required. In either case, the system would 

material addressing prescription of unlicensed prod-
ucts or off - label prescription. 

 However, in the past, in personal communications 
to the writer, the MDU has advised that, in its view, 
the Bolam test applies with respect to the doctor ’ s 
liability. The usage therefore has to conform with a 
responsible body of medical opinion. However, the 
MDU noted that the patient should be informed that 
the product or (as the case may be) the indication is 
not licensed. This is justifi ed on the basis that, even if 
the product is not necessarily dangerous to use in the 
situation in question, the side - effects would not be as 
well known as for a licensed product or indication. 
The MDU also noted that the doctor should record 
in the patient ’ s records that the patient has been 
advised of the status of the product. The MDU 
observed that recent case law has tended to expand 
the requirements of counselling to obtain properly 
informed consent. Likewise, the MPS has endorsed 
the Bolam test. Interestingly, the MPS stated that if 
the doctor is an employee of the institution he should 
obtain prior authorisation of his employers as there 
could be product liability issues in relation to the 
liability of the institution.   

Review of the regulatory
framework by the  MHRA

 In February 2008, the MHRA announced a review of 
the regulatory arrangements relating to supply of 
unlicensed medicines  [37] . An informal consultation 
process began and responses were invited by the end 
of June 2008 with the aim of developing specifi c pro-
posals to amend the current regime. The MHRA sug-
gests a need to determine the specifi c role and 
responsibilities of clinician, health care institution 
and the MHRA in relation to protecting the patient 
and notes the inconsistencies between the level of 
regulatory oversight in relation to unlicensed prod-
ucts manufactured in the UK and those imported. 
The MHRA explains the factors that can signifi cantly 
affect the need for and use of unlicensed medicines. 
It states:

  Changes in the overall regulatory burden of the medicines 

licensing system and trends in the rationalisation of compa-

nies in the pharmaceutical sector, are among factors that can 

have a strong effect at the margins as to whether it is consid-

ered commercially viable for a company to seek or maintain 

a marketing authorisation for products for which there is a 

lower demand. By the same token signifi cant changes in the 
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  10.      The Medicines (Marketing Authorisations Etc.) Amend-

ment Regulations   2005  (SI 2005/2759).  

  11.      Case C - 143/06  Ludwigs - Apotheke M ü nchen Internation-

ale Apotheke v Juers Pharma Import -  Export GmbH

[2007] OJ C135/12 .  

  12.      Regulation 2 of the Medicines (Administration of Radi-

oactive Substances) Regulations   1978  (SI 1978/1006).  

  13.      The Medicines (Standard Provisions for Licences and 

Certifi cates) Amendment Regulations   1999  (SI 1999/4).  

  14.      The Medicines (Standard Provisions for Licences and 

Certifi cates) Regulations   1971  (SI 1971/972). (Revoked 

by the Human Medicines Regulations 2012.)  

  15.      The Medicines for Human Use (Manufacturing, Whole-

sale Dealing and Miscellaneous Amendments) Regula-

tions   2005  (SI 2005/2789). (Now repealed and 

consolidated into the Human Medicines Regulations 

2012.)

  16.      The Medicines (Advertising) Regulations   1994  (SI 

1994/1932). (Now repealed and consolidated into the 

Human Medicines Regulations 2012.)  

  17.      The Misuse of Drugs Act 1971; the Misuse of Drugs 

Regulations   2001  (SI 2001/3998).  

  18.      The Medicines (Labelling) Regulations (SI 1976/1726) . 

(Now repealed and consolidated into the Human Medi-

cines Regulations 2012.)  

  19.      MHRA: Interim Report of the Review of Unlicensed 

Medicines , May  2009 , paragraph 5.20.  

  20.      Editorial .  Are specials out of control?   Pharm J . 

 2010 ; 285 : 463  and  481 .  

apply to both UK manufactured and imported 
products. 

 In March 2011 the MHRA stated that work was 
continuing on further developing and assessing the 
impact of possible options for reform of the unli-
censed medicines regime, with a view to a consulta-
tion on formal proposals for reform to take place later 
in 2011. The MHRA has indicated that subject to the 
timelines and outcome of the consultation it will seek 
to introduce any required changes to the relevant leg-
islation  ‘ later in 2012 or 2013 ’   [38] , although as at 
August 2012 the review was on hold.  

Conclusions

 There are compelling pragmatic reasons for allowing 
the supply of unauthorised medicines for individual 
patient use. Health care professionals are able to select 
the treatment that they consider most appropriate for 
each patient, even though that treatment may not 
have a marketing authorisation. Health care profes-
sionals increase their liability exposure using unli-
censed products, but whether this is material depends 
upon the facts of each case. Companies are permitted 
to respond to requests for such products, provided 
that they, and the health care professional, comply 
fully with the applicable regulatory requirements. 
Where the product in question has the potential to 
cause signifi cant adverse reactions or requires very 
careful monitoring, the company must ensure that it 
takes particular care in order to avoid exposing itself 
to an increased risk of personal injury claims. Any 
failure to comply with the 2012 Regulations could be 
prejudicial in any such litigation. 

 Despite the recent consolidation of the UK ’ s medi-
cines legislation, the underlying regulatory frame-
work is old and exhibits inconsistencies, particularly 
between the treatment of unlicensed products manu-
factured as  ‘ specials ’  in the UK and those imported 
from outside the UK. The MHRA has been consider-
ing amending the regulatory requirements for some 
time and, whilst these have been subject to a number 
of delays, one must anticipate changes in the future.  
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32  Legal and  e thical  i ssues  r elating to 
 m edicinal  p roducts  

Nick Beckett, Sarah Hanson and  Shuna Mason
  CMS Cameron McKenna LLP, London, UK       

Introduction 

 Other chapters in this book deal with the evolution 
of the legal and ethical controls over medicinal prod-
ucts and their development as well as the structure of 
the European Union (EU) regulatory systems set up 
to authorise business activities and dealings in these 
products, and to enforce the rules and restrictions the 
law places upon them. This chapter aims to select 
some specifi c legal and ethical issues that arise in 
relation to product development, authorisation and 
sale and supply both within the UK and within the 
context of the European systems.  

Chronology of  production, 
development and marketing

 The laws and ethical codes that apply to the various 
stages of pharmaceutical product development are 
aimed at controlling and placing limits upon defi ned 
activities, thereby maximising the protection of the 
public. In practice, these objectives are supported not 
only by powers granted to competent regulatory 
authorities to enforce compliance with medicines 
laws through compulsory action, but also by the 
application of relevant principles of the general crim-
inal and civil law. 

Development
 In the course of product development, testing in both 
animals and humans is subject to varying degrees of 
legal control, supplemented by a signifi cant quantity 
of ethical or  ‘ good practice ’  guidelines. 

Animal testing
 The legal controls on animal testing were introduced 
at the European level by Directive 86/609/EEC in 
1986  [1]  to harmonise national provisions covering 
the welfare of animals used for experimental and sci-
entifi c purposes. A lengthy revision process started in 
2006 that culminated in the adoption of Directive 
2010/63/EU on the protection of animals used for 
scientifi c purposes  [2]  in September 2012. This 
replaced Directive 86/609/EEC with effect from 1 
January 2013 with the exception of Article 13 con-
cerning the collection of statistical data, which will be 
repealed from 10 May 2013. Directive 2010/63/EU 
builds on the earlier legal provisions and is fi rmly 
based on the principles of  ‘ the three R ’ s ’   –  strategies 
that  ‘ replace ’ ,  ‘ reduce ’  and  ‘ refi ne ’  the use of animals 
in scientifi c procedures to ensure, as far as possible, 
the best care and treatment of the animals during the 
conduct of the research and in the method of their 
disposal while also aiming to further reduce dispari-
ties between national implementing measures across 
the Union. 

 In summary, Directive 2010/63/EU requires the 
premises in which animal research is undertaken and 
persons conducting such research to be subject to 
local registration and risk - based inspection and 
imposes limitations upon the breeding and supply of 
experimental animals. There are specifi c provisions 
regarding the care of experimental animals, includ-
ing, for example, minimum caging and temperature 
requirements. The scope of Directive 2010/63/EU is 
more extensive than the earlier instrument and also 
covers foetuses of mammalian species in their last 
trimester of development and cephalopods, as well as 
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the European rules specifying the content of an MA 
application (Directive 2001/83/EC  [5] ), compliance 
with testing rules is essential because the preclinical 
data that are submitted must have been generated 
from studies complying with Directive 2010/63/EU 
and with Good Laboratory Practice  [6] . Under these, 
compliance with the animal testing directive is man-
datory. Any evidence to suggest that the data have not 
been properly generated will lead a competent regula-
tory authority to discount them in the evaluation of 
the MA. 

 It is now a well - known theme in European phar-
maceuticals legislation that the use of animals should 
be minimised as far as possible:  ‘ The Commission 
and Member States shall contribute to the develop-
ment and validation of alternative approaches    . . .    and 
they shall take such other steps as they consider 
appropriate to encourage research in this fi eld ’  
(Directive 2010/63/EU Article 47). 

 Public opinion, including that of the European 
Parliament  [7] , remains strongly supportive and 
there are several initiatives looking at the potential for 
conducting tests  in vitro , where an animal model may 
previously have been used, but may not be essential 
to generate useful data. Although the Commission 
has indicated in the context of the revision of Direc-
tive 86/609 that a fi xed timetable to phase out the use 
of all non - human primates in biomedical research is 
not feasible, Directive 2010/63/EU severely restricts 
testing on great apes to only  ‘  . . .    the purposes of 
research aimed at the preservation of those species 
and where action in relation to a life - threatening, 
debilitating condition endangering human beings is 
warranted ’  (Recital 18). Directive 2010/63/EU also 
restricts the use of animals taken from the wild in 
procedures to cases where the purpose of the proce-
dures cannot be achieved using specifi cally bred 
animals. 

 The law tends to follow developments in public 
moral and ethical thinking and it is not surprising 
therefore that the same theme arises in different 
sectors of the European law. In the cosmetic sector, 
the use of animals for further substance testing has 
been prohibited for some time. In the pharmaceutical 
sector, a complete ban  –  at least for the foreseeable 
future  –  remains highly unlikely where there is no 
other means of generating the required data. However, 
the inadequacy of most animal models for predicting 
human response is a recurrent issue and inescapable 
fact. Accordingly, many of the provisions concerning 
the generation of preclinical data, and particularly 
those set out in the amended Annex to Directive 

animals used for the purposes of basic research, 
higher education and training. It regulates the use of 
animals through a systematic project evaluation 
requiring  inter alia  assessment of pain, suffering dis-
tress and lasting harm caused to the animals. It also 
aims to improve transparency through measures such 
as publication of non - technical project summaries 
and retrospective assessment. The development, vali-
dation and implementation of alternative methods is 
promoted through measures such as establishment of 
a Union reference laboratory for the validation of 
alternative methods supported by laboratories within 
Member States and requiring Member States to 
promote alternative methods at national level. 

 As a form of EU legal instrument Directive 2010/
63/EU required implementation in each Member 
State to take effect at national level (cf. EU Regula-
tions which are immediately effective at national level 
without the need for national legislative or adminis-
trative action). Therefore, the systems for applying 
the requirements of the Directive vary from country 
to country; the function of the Directive being to 
achieve a harmonisation of the principles, aims and 
objectives to be achieved at local level. Accordingly, 
enforcement, monitoring and inspection are all 
matters of local control and design. 

 In the UK, by the time of the adoption of the 1986 
Directive, the authorities had already introduced leg-
islation for the control of animal experimentation in 
the form of the Animal and Scientifi c Procedures Act 
1986. Its content and coverage was already fairly com-
prehensive so relatively little needed to be done to 
bring the UK law in line with the European provi-
sions. The updated provisions of the 2010 Directive 
have now been transposed into UK law by The 
Animals (Scientifi c Procedures) Act 1986 Amend-
ment Regulations 2012  [3] . 

 The conduct and control of animal experimenta-
tion are matters that give rise to strong public feeling. 
During 1996 – 1997, extensive UK media coverage of 
the conditions in testing facilities put the issue of 
experimentation and effective controls in the public 
eye, leading to increased animal rights activism and 
ultimately to the introduction of legislation to combat 
economic sabotage in the UK in 2005  [4] . For the 
product developer using external facilities to generate 
the preclinical data necessary to make an application 
for a Marketing Authorisation (MA), the cost and 
time of the developmental process are too high for 
risks to be taken with the acceptability of data for 
regulatory purposes, whether generated in animal or 
human experiments. Delays are always costly. Under 
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meet the ethical requirements of the Clinical Trials 
Directive in order for that data to be taken into 
account  [14] . Although it was not specifi cally adopted 
as the GCP standard by the Clinical Trials Directive 
 –  and there are several GCP standards around the 
world  –  the obvious GCP standard for European 
clinical trials is the international guideline (in use 
since 1997) developed within the International Con-
ference of Harmonisation (ICH), to which EU, US 
and Japanese regulators and industries subscribe 
 [15] . Although the principles and guidelines of GCP 
are now enacted in the GCP Directive, the ICH stand-
ard should be taken into account. In addition, the 
introduction at the end of 2007 of specifi c legislation 
on advanced therapy medicinal products  [16]  has 
also led to the development of a supplementary, 
detailed GCP standard specifi c to these products, in 
December 2009  [17] . 

 In addition, the GCP Directive specifi es that all 
clinical trials must be conducted in accordance with 
the Declaration of Helsinki, 1996 version. That Dec-
laration distinguishes between research that has the 
potential for therapeutic effect in the volunteers 
recruited and research conducted for the greater good 
(i.e. the expansion of knowledge without the expecta-
tion of direct benefi t to the human volunteers), as 
well as the requirement for research projects to be 
subject to independent ethical review  [18] . 

 Directive 2001/20/EC was designed to address the 
functioning, structure and funding of ethics commit-
tees across Europe. In the UK, prior to 1 May 2004, 
as a matter of law, it was not a universal requirement 
that all research (whether concluded for the purposes 
of obtaining an MA by or on behalf of a pharma-
ceutical company, or by doctors or academics) should 
be subject to prior ethical review. This situation 
changed with the implementation of the Clinical 
Trials Directive and the associated GCP and GMP 
Directives by the Medicines for Human Use (Clinical 
Trial) Regulations 2004, as amended  [19] . There are 
now extensive provisions relating to the requirement 
for and obtaining of an ethics committee opinion and 
regarding the establishment and registration of ethics 
committees. 

 Pharmaceutical company - sponsored research 
conducted in the UK (and other Member States) for 
purposes of regulatory submission has always been 
affected by the requirement that the data derived 
from studies in humans, which are submitted as part 
of an authorisation application, must have been 
generated in a study conducted according to stand-
ards of GCP. The UK implementing legislation also 
refers to the GCP provisions in the GCP Directive. 

2001/83/EC, leave considerable discretion to the 
developer to design and justify studies appropriate to 
the product concerned. In many cases, it is possible 
for the applicant to justify objectively the omission of 
certain studies, or the conduct of studies in only one, 
rather than two, species. The conduct of tests simply 
for the sake of following a  ‘ traditional ’ , or general, 
approach without evaluating what the product and 
the objective justify is wasteful and may not be either 
scientifi cally, morally or legally justifi ed.  

Testing in  human beings
 The conduct of clinical research in humans raises 
numerous legal and ethical issues of signifi cant 
importance. A common legal framework for con-
ducting clinical trials in Europe and providing a legal 
basis for compliance with Good Clinical Practice 
(GCP) was established in 2001 via the Clinical Trials 
Directive  [8]  and the associated Commission Direc-
tives. These were required to be implemented in 
Member States ’  national laws over the period from 
May 2004 to January 2006. The latter Directives detail 
the principles and guidelines for GCP and the manu-
facture and importation of investigational medicinal 
products  [9]  and extend the principles and guidelines 
of Good Manufacturing Practice (GMP) to the use of 
these products in clinical trials  [10] . Interpretation 
and enforcement remain a local matter. It has been 
recognised that the harmonising impact of this legis-
lation upon clinical trial regulation across the EU has 
been hampered in consequence of different interpre-
tations and implementations by the Member States, 
which has complicated the conduct of multicentre 
multinational research projects in particular, with 
consequent impact on costs and time. It has been 
suggested that some of the diffi culties can be resolved 
by providing additional clarifi cation and guidance 
although other changes would need to be addressed 
through changes to the legislation  [11] . This has led 
to the European Commission issuing proposals for 
revising the Clinical Trials Directive in July 2012  [12] . 
In particular, the Commission ’ s proposals introduce 
the revision in the form of an EU Regulation with a 
view to avoiding similar, but different transpositions 
of a directive into national laws by Member States. 

 The Clinical Trials Directive has introduced a legal 
requirement for clinical trials to be designed, con-
ducted, recorded and reported in accordance with 
GCP, which the Clinical Trials Directive refers to as a 
 ‘ set of internationally recognised ethical and scientifi c 
quality requirements ’   [13] . This dovetails with the 
existing requirement upon applicants for MA to 
confi rm that clinical trials performed outside the EU 
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and constitute negligence, for which, again, a claim 
for damages in respect of any personal injury suffered 
as a consequence may lie. In these cases, the indi-
vidual would have to show that the receipt of more 
complete information would have resulted in their 
withholding consent, thereby avoiding exposure to 
the risk of the hazard that in fact materialised. 

 For consent to be legally valid, a volunteer (or legal 
representative) must be competent to assess the pro-
posed research and to make a considered decision. 
They must be properly informed (the term  ‘ informed 
consent ’  is often used although, strictly speaking, it is 
tautologous, as it is not possible to have consent that is 
legally recognised, which is uninformed in the legal 
sense), that is, they must have been given  ‘ suffi cient ’  
accurate information to appreciate the nature of the 
study: what would be involved in participation and 
what hazards and level of risk attach to the project in 
question. The decision must be made voluntarily 
without the exertion of any pressure, or infl uence from 
other persons. There must be no incentive offered that 
would encourage an individual to agree to what, in 
other circumstances, he or she would refuse. Reliable 
 ‘ evidence ’  that a consent process has been properly 
followed and consent properly obtained is valuable for 
legal and ethical reasons. The Clinical Trials Directive 
defi nes informed consent as a  ‘ decision which must be 
written ’  (Article 2(j)) and makes consent in writing the 
norm, except in  ‘ exceptional cases as provided for in 
national legislation ’  (Article 3.2(d)). 

 There are, of course, some cases where the consent 
of the trial subject cannot be obtained. This may be 
because the individual is not competent to make a 
decision, either because of some mental illness or 
intellectual defi cit, or because of injury resulting in 
unconsciousness. The legislation addresses the posi-
tion of both incompetent minors (under - 16s in the 
UK) and incompetent adults, setting specifi c condi-
tions that must be met and the requirements for 
obtaining the consent of a legal representative. The 
revision proposals issued in 2012 regarding the 
Clinical Trials Directive also contain specifi c rules 
governing the obtaining of consent in the context of 
emergency clinical trials. In the UK, the concept of a 
legal representative who may consent on behalf of an 
incompetent adult is a new one and applies only in 
the fi eld of research and not, as yet, in relation to cases 
of treatment and therapy other than in extremely 
narrow circumstances such as under the Mental 
Capacity Act 2005. 

 The rules in the UK for consent on behalf of 
minors to participation in research are now different 
from those that apply to consent to treatment. The 

Compliance with GCP is enforced by GCP inspec-
tions of trial and other related sites by competent 
authorities which are mandated by the Clinical Trials 
Directive. A further sanction provided by the law is 
that the competent authorities may discount any data 
not generated in accordance with good practice 
standards during their evaluation of a product. (This 
would clearly include studies that had not been ethi-
cally reviewed.) In the case of a pivotal study, this 
could be crucial to the success of the application, and 
therefore constitutes a strong incentive to comply 
with the practice standards set out in the guidelines. 

 GCP is also relevant in the context of any claims for 
personal injury. In the assessment of whether negli-
gence has occurred, compliance with accepted prac-
tice guidelines is relevant to judging whether a sponsor 
(or investigator) has acted reasonably or in a manner 
that falls below accepted current standards of conduct, 
which, as stated, are likely to be the EU - adopted ICH 
guidelines for trials conducted in the EU and the 
GCP Directive. As stated, law and ethics coincide 
in their aim to protect the interests of volunteers 
recruited for clinical research purposes. The issues of 
consent, confi dentiality and access to compensation 
for personal injury tend to be uppermost in the minds 
of lawyers and ethicists, while the need to design and 
perform clinical trials with a view to generating cost -
 effectiveness data which can be submitted for pur-
poses of health technology assessment (rather than 
just regulatory evaluation) is increasingly an impor-
tant consideration for pharmaceutical companies.  

Consent
 In both legal and ethical terms, the consent of an 
individual to his or her participation in research is 
fundamental. There are few exceptions to this  ‘ golden 
rule ’ . For research performed within the National 
Health Service (NHS) the  Research Governance 
Framework for Health and Social Care   [20]  reiterates 
this principle and requires prior consent to be 
obtained from participating patients in most cases. 
The Clinical Trials Directive (Articles 3 – 5) and the 
UK implementing legislation lay down a specifi c 
requirement for the consent of the trial subject or his 
or her  ‘ legal representative ’  to participation in any 
 ‘ clinical trial ’  (as defi ned widely by the legislation). In 
the UK, failure to adhere to the principles of GCP, 
which include the requirements for consent, is a 
criminal offence. Failure to obtain consent could also 
give rise to civil claims for damages, for example, on 
the basis of assault and battery, or trespass to the 
person. Failure adequately to inform a participant 
about a study may also undermine the consent given 
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civil penalty (e.g. damages or even an injunction to 
prevent disclosure, i.e. breach). In cases where the 
maintenance of confi dentiality in certain data is a 
contractual obligation, such as in employment con-
tracts, a breach of confi dence may lead to disciplinary 
action and/or loss of employment. Professional codes 
of conduct may also give rise to other sanctions (e.g. 
General Medical Council proceedings). 

 There are a few circumstances in which confi den-
tiality will not be deemed to have been breached so 
as to give rise to legal sanctions. These include situa-
tions where disclosure is warranted as a matter of 
public interest (although this is interpreted restric-
tively) and also where disclosure is ordered within 
court proceedings. 

 In the context of research in individuals, all per-
sonal data should be safely and securely stored and 
handled. Confi dentiality should also be assured by 
ensuring that no publication of study results includes 
any identifying personal information with regard to 
study subjects. Participants should be well aware, 
from the outset, of the extent of disclosure that will 
be necessary with regard to their  ‘ sensitive ’  personal 
data, to whom it will be disclosed and for what 
purpose, and should agree to this when they sign a 
consent form after being given full information about 
the project. Where the subject agrees to disclosure to 
identifi ed persons, disclosure will not constitute a 
breach of confi dence. For this reason, specifi cation of 
the scope of disclosure, the purpose and the types of 
people who may need to have sight of trial data, is 
extremely important. With express consent, there is 
no issue with regard to breach of an individual ’ s con-
fi dence. However, in some cases data obtained may 
subsequently have value in the context of a different 
piece of secondary research. The issue then is whether 
the original consent obtained was suffi ciently broad 
to cover use for the further purposes. This will be a 
matter of the wording used previously (and, possibly, 
what might be implied), but consent is referable only 
to the matters disclosed (whether specifi cally or gen-
erally) to the individual. In most research, where indi-
viduals are recruited to a study, issues of confi dentiality 
should not create practical, ethical or legal problems. 
However, in pure records - based research, where gath-
ering large numbers of individual consents is not 
practical and in the absence of specifi c enabling pro-
visions in legislation, there remain issues surround-
ing the protection of confi dentiality. Anonymisation 
of data is a possible solution or conduct of studies 
under the limited provisions of the National Health 
Act 2006 (applicable in England and Wales only) 

law in relation to research classifi es minors as under 
16 years and requires the consent of a person with 
parental responsibility or other legal representative. 
Although the  ‘ explicit wish ’  of a minor should be 
considered by an investigator, there are no  ‘ Gillick 
competent ’  minors capable of consenting in their 
own right in the legislation. In the Gillick case (con-
cerning the prescribing of contraceptives to teenage 
girls)  [21] , the UK courts accepted that minors might 
be fully capable of consenting in their own right to 
treatment procedures, provided that, in the view of 
the doctor concerned, they had grasped the nature of 
the treatment and its potential benefi ts and risks and 
were suffi ciently mature intellectually and emotion-
ally to make a judgement.  

Confi dentiality 
 It is a clear ethical principle that the privacy of the 
individual should be respected and maintained. The 
law too, both in common law (i.e. judge - made law) 
and through certain statutory provisions (specifi cally 
Member States ’  implementation of the 1995 Directive 
on the protection of personal data 95/46/EEC), rec-
ognises a right to confi dentiality in personal data. 
In the UK, there have been practice rules  [22]  within 
the NHS for several years and legislation has also 
been enacted (to address issues concerning health 
data stored in special registries and databases) con-
cerning the treatment and confi dentiality of medical 
records. All electronically recorded data must be 
stored and handled by persons or institutions regis-
tered under the Data Protection Act of 1998. The 
 ‘ processing ’  of such data (which is widely interpreted 
to include the act of anonymisation) must be per-
formed in compliance with the principles of good 
practice that the Act lays down. The Clinical Trials 
Directive also makes specifi c the need to adhere to the 
rules of personal data protection in the clinical trial 
context (Article 3.2(c)). 

 At common law, a right to confi dentiality can arise 
either because of:
1.     the nature of the information;  
2.     the circumstances in and conditions under which 
it is imparted; or  
3.     the status of the person to whom the information 
is given (e.g. a doctor).    

 The concern is with data that identify an individual, 
or from which an unnamed person could be identi-
fi ed. The common law upholds the right to confi den-
tiality by providing that disclosure of con fi dential 
information, without the consent of the person con-
cerned, is a breach of that right and may be subject to 
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administered at an appropriate dose in view of the 
lack of clinical information concerning the use of 
those products in children. 

 Companies with new products not previously 
authorised in the Community must fi le paediatric 
study results in accordance with a Paediatric Investiga-
tion Plan, previously agreed with the Paediatric Com-
mittee (PDCO) at the European Medicines Agency 
(EMA), or proof of a waiver or deferral for fi ling this 
data when they apply for an MA. Similarly, companies 
with authorised products that are covered by a sup-
plementary protection certifi cate (SPC) or by a patent 
that is eligible for an SPC, must fi le comprehensive 
paediatric use data when applying for any variation or 
extension of an MA concerning a new indication, 
pharmaceutical form or route of administration. 

 The Paediatric Use Regulation is representative of 
the observable trend in EU products regulation 
towards increased transparency and disclosure obli-
gation upon producers. As well as obligating innova-
tor companies to disclose all paediatric studies related 
to products authorised in the Community by January 
2008, there is also an obligation for details of paedi-
atric studies that are conducted outside the European 
Economic Area in accordance with a Paediatric Inves-
tigation Plan, to be included on the EU ’ s clinical trials 
data base, EudraCT. In addition, all results of clinical 
trials on the paediatric population are to be public. 

 As well as increased fi ling obligations upon com-
panies and a new form of Paediatric Use Marketing 
Application (PUMA), the EC Regulation did intro-
duce certain restricted rewards for performing rele-
vant studies and fi ling the data. The potential rewards 
available to eligible innovator companies include 
extensions to the SPC for qualifying patents, data 
exclusivity and extensions to orphan drug market 
exclusivity (see also Chapter 19). At the time of 
writing, however, only one PUMA has been granted 
and there is scepticism as to whether the PUMA 
concept is able to compete successfully with physician 
habits of using products with the same active ingredi-
ent off - label, at lower cost. Taking into account the 
increased burden upon companies and others of 
compliance with the EC Regulation, concerns have 
been raised as to whether it has achieved its aims. In 
particular, the decision by the General Court of the 
European Union in late 2011 in a case concerning a 
diagnostic medicinal product, that the PDCO has 
powers to require a company to conduct paediatric 
studies for indications that the company did not 
intend to develop, may prove a discouragement to 
companies to develop products in such areas  [24] .   

which permit patient confi dentiality to be overridden 
in the context of records - based research that meets 
criteria laid out in the statute and that has been spe-
cifi cally authorised. In addition, health researchers 
may obtain access to anonymised NHS data from 
patients via the Clinical Practice Research Datalink 
which was announced in March 2012.   

Conditional marketing authorisations
 The requirement in the legislation for acceptable 
clinical data to support an MA application has cer  -
tain limited fl exibility. Since April 2006, Regulation 
507/2006 has permitted conditional MAs of 1 year ’ s 
validity (and for restricted categories of products) in 
cases where there are unmet medical needs and where 
the benefi ts of immediate availability outweigh the 
risks inherent in the absence of a full clinical data set. 
The legal basis for conditional MAs was already 
present in Regulation 726/2004  [23] . Regulation 
507/2006, however, fl eshes out the provisions for 
granting and renewing such authorisations. 

 Although it remains possible to grant an MA 
subject to certain conditions, such as obligations to 
perform specifi ed post - market clinical safety studies, 
the provisions for conditional MAs give some further 
degree of fl exibility to authorise products at a Com-
munity level, where, despite a positive risk – benefi t 
balance, complete data are not available at the date 
of the MA (i.e. in circumstances where the appli-
cation would otherwise fail). Conditions include 
requirements that the conditional marketing authori-
sation holder (MAH) completes or initiates certain 
studies with a view to providing the outstanding data; 
enhanced pharmacovigilance and also risk manage-
ment obligations. Conditional MAs are therefore not 
intended to remain conditional indefi nitely, but 
rather to be replaced by a full MA once the missing 
data are provided and found acceptable.  

Paediatric  Use Regulation
 The Paediatric Use Regulation 1901/2006 has imposed 
signifi cant clinical testing and fi ling obligations for 
innovator companies. The Regulation came into force 
with direct effect in January 2007 with the aim of 
facilitating the development and accessibility of 
medicinal products for children. This followed a long 
debate concerning the relative ethics of testing drugs 
on children  –  who are not legally competent to give 
informed consent or possibly to realise the signifi -
cance of risk – benefi t  –  and the risk of prescribing 
drugs for children on a largely off - label basis, which 
in consequence may not be effective or may not be 



638 Chapter 32 

communicated to the offerer  [27] . A rejection termi-
nates an offer, as does a counter - offer.  
2.     There must be certainty of terms. The terms of the 
agreement must be clear and enable the parties to 
ascertain their obligations.  
3.     There must be  ‘ consideration ’ . As a rule, a promise 
is not binding in English law unless it is either made 
by deed or supported by some form of  ‘ consideration ’ . 
Consideration can be shown if both parties are each 
bound to contribute  ‘ something of value ’ . This is 
usually money, goods or services  [28] . It is normally 
not diffi cult to identify the consideration fl owing 
between the parties to commercial transactions. In 
the context of clinical research, a sponsor will, among 
other promises, provide information, pay fees and 
disbursements and provide products, while the inves-
tigator will give professional services.  
4.     There must be an intention to create legal rela-
tions. The parties must intend their agreement to be 
legally binding. This is not usually an issue in com-
mercial transactions.    

 It is not essential that the legal contract is contained 
in a single document. Quite often, for ex  ample, a 
research agreement will cross - refer to a protocol and 
standard operating procedures, which are to be treated 
as being incorporated into the terms of the agreement. 
However, it does simplify matters by having the terms 
in one document, particularly if a query or dispute 
arises. It is also prudent to acknowledge which docu-
ment (or part of a document) takes precedence in case 
there is a confl ict between their provisions. This is 
discussed further below. 

 In order to ensure minimum standards are adhered 
to, certain terms are implied by law into any contract 
for the supply of goods or services although in some 
cases they can be expressly excluded  [29] . The actual 
terms of the agreement may  ‘ exceed ’  the minimum 
standards implied. For example, it would be implied 
by statute that services supplied in the course of a busi-
ness must be carried out with reasonable skill and care. 
These terms may be substituted by more specifi c terms 
agreed between the parties or by a course of dealing. 

 One further basic point, which is an important 
principle in contract terms, is that, in general, English 
law applies a doctrine of  ‘ privity ’  to contracts. This 
means that a contract only binds the parties to it. 
Therefore, a contract between sponsor and CRO 
does not bind the investigator or any other person. 
Historically, only the parties (or their appointed 
representatives or legal substitutes) could enforce or 
sue upon an agreement. However, this has been 
changed by the Contracts (Rights of Third Parties) 
Act 1999, which enables an entity that is not a party to 

Contractual  arrangements in 
clinical research 

The legal background 
 The arrangements made for the conduct of clinical 
research will usually give rise to a number of legal 
contracts. For example, there will be a contract 
between a sponsor and any contract research organi-
sation (CRO) as well as between the sponsor or CRO 
and the investigator and/or the institution in which 
the investigator works. 

 It would be unusual for there to be a contract 
between a patient participant and the sponsor or 
investigator, although this may arise where the par-
ticipant is a private patient of the investigator. 
However, in the UK, in non - therapeutic research that 
is conducted in accordance with the Association 
for the British Pharmaceutical Industries (ABPI) 
guidelines (e.g.  Guidelines for Phase I Clinical Trials
and Good Clinical Trial Practice ), there would nor-
mally be a written contract between the sponsor and 
the participant, in which the obligations on both sides 
are recorded, including the undertaking by the 
sponsor to provide compensation to a research 
subject in the event of trial - related injury, irrespective 
of fault.  

General  contractual  principles
 Under English law, it is not generally necessary that a 
contract should be in writing for it to be legally 
enforceable. Therefore, an oral agreement (e.g. by tel-
ephone) between a sponsor, CRO or investigator, may 
be valid and enforceable. However, it is always prefer-
able to have a written agreement, as it may be very 
diffi cult to prove what the terms of an oral agreement 
were, and individual recollections may differ greatly. 

 Whether an agreement is written or oral, there are 
certain legal elements that must be satisfi ed before 
any agreement may be deemed to be legally enforce-
able. The following points form the basic require-
ments of a contract.
1.     There must be an agreement. The normal approach 
to determining whether an agreement has been 
reached is to identify whether an  ‘ offer ’  has been 
made by one party and accepted, on its terms, by 
another. The test is objective. Communications that 
are merely preliminary, such as requesting or giving 
information, or constituting merely an  ‘ invitation to 
treat ’  (meaning encouragement given to another to 
make an offer), do not constitute an offer  [25] . The 
acceptance must be a fi nal and unqualifi ed expression 
of agreement to the terms of the offer  [26] . Accep-
tance may be implied by conduct, but it must be 
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products and to make the UK a more competitive 
location for clinical research. The assumption was 
that parties would not have to spend so much time 
and money in negotiating the clinical contract and so 
trials could be set up faster and more cheaply. 

 The balance between the NHS trust and the 
sponsor has been altered in the mCTA 2006 and 
mCTA 2007 from that set out in the 2003 template, 
especially with regards to intellectual property (IP) 
rights and risk allocation. This has made some spon-
sors wary of using unamended mCTAs. However, 
some NHS trusts will not accept modifi cations to the 
mCTA, so sponsors who are not willing to take on 
further risks have been forced to leave trial sites. The 
2011 mCTA revisions were uncontroversial: in both 
the bipartite and tripartite agreements they made 
clear in the defi nition of  ‘ Agent ’ , that Universities are 
agents of the NHS body entering the CTA; and they 
introduced the anti - bribery and corruption provi-
sions in line with the Bribery Act 2010 which came 
into force on 1 July 2011. 

 Although the use of one of the standard mCTA 
templates is not mandatory, the Department of 
Health, the ABPI and the BioIndustry Association, 
amongst others, recommend that the templates are 
used without modifi cation and the use of the mCTA 
templates is market practice across the industry since 
they were created. However, it is acknowledged that 
the use of standard form contracts is not always 
entirely appropriate: The relevant parties always need 
to consider whether it is sensible to use the mCTA 
2011 given the specifi c arrangement between the 
parties, and, if so, whether any amendments are 
required. In particular, parties should take care when 
choosing to use the tripartite mCTA 2011 over the 
bipartite mCTA 2011, as the sponsor might not want 
the CRO to have all the rights outlined for it in the 
tripartite mCTA 2011. 

 Whether the parties adopt one of the standard 
mCTA templates or not, the parties should consider 
the following non - exhaustive list of matters when 
drafting any CTA.  

Issues the parties should consider when
negotiating a clinical trial agreement 
Parties to the  clinical trial agreement 
 Under the bipartite mCTA 2011, the parties are the 
sponsor and trust. While the sponsor will not enter 
into a contract with the investigator of the trial, the 
sponsor will want to make it clear what is to be 
expected of the investigator and so their duties will 
be stipulated in the CTA. Responsibility will generally 
devolve on the trust to ensure the investigator does 

the agreement to enforce or sue upon the agreement 
in circumstances where either the contract expressly 
provides that they can do so or the terms of the agree-
ment are intended to confer a benefi t on them  [30] .  

Background to the  standard  clinical
trial contract 
 Clinical trials supported by the pharmaceutical and 
biopharmaceutical industry are generally categorised 
in two ways.
1.      Contract clinical trials  are defi ned as commercial 
industry - sponsored trials of investigational medici-
nal products, involving NHS patients, undertaken in 
NHS hospitals, usually directed towards pharmaceu-
tical product licensing.  
2.      Collaborative clinical research , on the other hand, 
is primarily carried out for academic rather than 
commercial reasons and is not usually directed 
towards product licensing.    

 Contracts dealing with collaborative clinical 
research are generally still individually negotiated 
between the company providing resources for the 
trial (which may, for example, include fi nancial 
support or the provision of drug supplies) and the 
holder of the investigator ’ s substantive employment 
contract on a case - by - case basis. However, contracts 
for commercial clinical trials that involve current 
NHS patients and that are conducted in NHS hospi-
tals, between the sponsor and the NHS site or  ‘ trust ’ , 
have in recent years been standardised. 

 The Department of Health and the ABPI, amongst 
others, drew up a model clinical trial agreement (CTA) 
in 2003  [31] , which was updated in 2006, and again in 
2011, for use in the UK (bipartite mCTA 2011)  [32] . 
There are four versions of the bipartite mCTA 2011, 
for use in each of England, Northern Ireland, Scotland 
and Wales. This is a standard form of contract between 
the NHS trust and the phar maceutical company, the 
 ‘ sponsor ’ , concerning commercial clinical trials, other 
than phase I trials involving healthy volunteers, taking 
place in NHS hospitals with NHS patients. In addition, 
a tripartite agreement between the NHS trust, sponsor 
and CRO, also available in four geographical versions, 
was released in 2007 and has been updated in 2011 in 
parallel with the bipartite agreement (tripartite 
mCTA2011)  [33] . The tripartite mCTA 2011 covers 
broadly the same provisions as the bipartite mCTA 
2011 except that the agreement provides for these 
trials to be managed by CROs, and for the purpose of 
this chapter the term  ‘ 2011 mCTAs ’  shall be used to 
refer to them jointly. 

 The templates were created with the aim of 
decreasing the time to market for new medicinal 
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this has led to problems with trials being commenced 
before all the necessary authorisations have been 
secured. One of the aims in creating the standard 
CTAs was to resolve this issue and consequently, the 
mCTA 2011 provides that sponsors cannot supply 
(nor, in the tripartite mCTA 2011, authorise the CRO 
to supply) the investigational medical product (IMP) 
to the site until all the approvals are obtained and the 
ethics committee has sanctioned the trial. It also 
states which parties should be seeking which clear-
ances and who is responsible for monitoring the 
obtaining of necessary authorisations. 

 Generally, parties to a clinical trial will want some 
fl exibility with regards to how they conduct the trial. 
As the trial progresses, an issue may arise that means 
parts of the Protocol and CTA need to be amended. 
The danger of altering the trial structure is that the 
fi nancial arrangements for the trial might not be 
simultaneously adjusted to meet the new outline. 
Thus, in the mCTA 2011 there is a process whereby 
when Sponsor or CRO originates a change request, 
the trust shall provide the sponsor or CRO, within 35 
days of receiving the change request, details of the 
impact which the proposed protocol amendment will 
have upon the costs of carrying out the trial and the 
other terms of the CTA. 

 Other general obligations of the parties through-
out the trial should also be dealt with. For example, 
the mCTA 2011 states that the trust will use its best 
endeavours to ensure that the investigator recruits a 
suffi cient number of patients. It also states that the 
IMP can only be used for the conduct of the trial and 
any unused IMP must be disposed of as outlined in 
the contract. For all the obligations it is good to have 
realistic timelines so the parties have some structure 
to work to. This could specify how the sponsor, CRO 
and trust are to divide responsibilities and what the 
parties are to do if timings are not met.  

Provision of  indemnity
 The sponsor should consider indemnifying the trust 
in relation to a claim for compensation for personal 
injury that may be made against the trust by a research 
subject in the event of trial - related injury or death. 
Under the mCTA 2011, if a claim for personal injury 
is made, the sponsor shall indemnify and hold the 
trust and its employees and agents harmless against all 
such claims: brought by, or on behalf of, research 
subjects (or their dependents) taking part in a study 
for personal injury (including death) to the research 
subjects arising out of, or relating to, the administra-
tion of the product(s) under investigation, or any 

what he or she is required to do under the CTA and 
the trust shall seek to carry out this duty by incorpo-
rating such responsibilities into the investigator ’ s 
employment contract. Where the investigator is not 
the employee of the relevant NHS trust, the trust 
must inform the investigator ’ s employer and get the 
employer ’ s permission to participate in the conduct 
of the trial. 

 Under the tripartite mCTA 2011 the parties are the 
sponsor, the trust and the CRO. There are further 
provisions in the tripartite mCTA 2011 outlining how 
the duties are to be divided between the sponsor and 
the CRO and to which body the trust should refer 
certain matters. These duties tend to be tailored in 
each case.  

Clinical trial governance
 Clinical trials must be conducted in accordance with 
a number of laws and regulations, such as the Data 
Protection Act 1998, the Medicines Act 1968 and the 
Medicines for Human Use (Clinical Trial) Regulations 
2004 (which implemented the Clinical Trials Directive 
2001/20/EC). In addition, the sponsor should comply 
with all ABPI guidelines, in particular those entitled 
Clinical Trial Compensation Guidelines (1991). Con-
sequently, there must be a clause in the CTA that 
obliges the parties to follow these laws, regulations 
and guidelines and in particular to make clear whether 
adherence is confi ned to those laws that are domestic 
or extend to foreign laws as well; for example, when 
the trial is to be conducted as part of an investigational 
new drug (i.e. connected to an application for licens-
ing by the US Food and Drug Administration) US 
legislation will need to be considered. 

 There will be a clinical trial protocol, the Protocol, 
which provides very good guidance and structure 
as to how the trial should be conducted. In general, if 
there is any ambiguity in the CTA, the parties should 
be made to refer to the Protocol for guidance and the 
Protocol should prevail over the terms of the CTA in 
such scenarios. However, the mCTA 2011 gives prece-
dence over the Protocol to its own provisions in respect 
of the following issues: liabilities/indemnities, confi -
dentiality, data protection, freedom of information, 
publication and IP. It must be borne in mind, however, 
that any obligations the ethics committee places upon 
the conduct of the trial should take precedence over 
both the Protocol and the CTA.  

Obligations of the parties
 Invariably, the sponsor and the trust want to get trials 
up and running as quickly as possible and historically 
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should agree on a process with regards to giving the 
sponsor notice of a FOIA request and to what extent 
the sponsor can reasonably restrict information that 
is requested. The mCTA 2011 contains an outline 
about how to deal with such requests. 

 However, certain information will need to be dis-
closed. For example, the trust and investigator must 
publish results under the  Research Governance Frame-
work for Health and Social Care   [20] . There should be 
a clause in the CTA that acknowledges that the parties 
must comply with these guidelines.  

Intellectual property 
 The sponsor and the trust should consider carefully 
who will have what rights to any IP generated during 
the course of the trial. Under the mCTA 2011 there are 
a few basic principles that have been adopted. First, 
each party retains ownership of any pre - existing IP 
owned by it or licensed to it. Secondly, any IP gener-
ated at the trial site that relates to the clinical trial, IMP 
or the Protocol (but excluding any clinical procedure 
or related improvements) shall be owned by the 
sponsor. Thirdly, clinical procedures and related 
improvements are owned by the trust and depending 
on the inventor ’ s employer, could be protected and 
exploited accordingly. Finally, the trust also has the 
right to use know how obtained during the trial in its 
normal clinical work, provided it does not result in 
disclosure of the sponsor ’ s confi dential information 
or infringement of any of the sponsor ’ s IP rights.  

Term of the  CTA  and  early termination
 The CTA should make clear what the term of the 
agreement will be and specifi cally what will be the 
grounds for early termination. Typical grounds for 
termination under any contract would include failure 
by one party to carry out its obligations or insolvency. 
Additional scenarios in the context of a CTA include 
that covered by the tripartite mCTA 2011, namely 
that both the CRO and the sponsor can terminate the 
contract if the clinical investigator leaves and no sat-
isfactory replacement is found. The CRO should have 
a right to terminate the agreement, presumably acting 
upon the instructions of the sponsor. However, this 
right creates issues as the CRO also has the right 
under the tripartite mCTA 2011 to object to a replace-
ment investigator. If the CRO can block the replace-
ment of an investigator. If the CRO can block the 
replacement of an investigator and then terminate the 
contract should no replacement be appointed, this 
means the CRO has a unilateral termination right 
when an investigator leaves.    

clinical intervention or procedure provided for or 
required by the Protocol, to which the subject would 
not have been exposed, but for his or her participation 
in the study. Among other things it is conditional 
upon compliance with the Protocol, there having been 
no negligence or other default on the part of the inves-
tigator, staff, institution, etc., and upon the sponsor 
being promptly informed of claims (actual and 
potential) and having the right to conduct the claims.  

Limitations of liabilities
 The issue of liability must be dealt with because of the 
likelihood of damage that could occur to the property 
and facilities of the parties during the trial. Trusts will 
be particularly wary of facing unlimited claims by the 
sponsor for breaches of issues such as IP rights so a 
solution has been attempted in the mCTA 2011 by 
introducing a two - tiered structure for any liability 
claims. First, for wilful or deliberate breaches of the 
CTA and any breach of clauses relating to confi denti-
ality, data protection and freedom of information, 
publication and IP, the trust ’ s liability to the sponsor 
(and CRO) will be limited to a maximum of twice the 
value of the contract. The value of the contract is the 
sum of total payments to be made by the sponsor (or 
CRO) to the NHS if all the target number of patients 
are recruited to trial. Secondly, for all other breaches, 
the trust ’ s liability to the sponsor (and CRO) is capped 
to no more than the value of the agreement. 

 From the perspective of the sponsor, the mCTA 
2011 liability structure is problematical. The sponsor 
could end up without adequate compensation cover 
if its IP rights are breached or if the trial is not con-
ducted according to the necessary regulations, so the 
results cannot be used as extensively as the sponsor 
intended.  

Confi dentiality and  freedom of  information
 The parties must work out how to look after and 
store confi dential information and how the informa-
tion will be used. Generally, the parties will agree 
to adhere to the principles of medical confi dentiality 
in relation to the patients in the clinical trials. Per-
sonal data will not be disclosed to the sponsor by 
the trust unless this is required under the Protocol 
or in order to monitor adverse event reporting. In 
addition, the trust will be subject to the Freedom 
of Information Act 2000 (FOIA). Sponsors will not 
want to disclose sensitive information, so the trusts 
and hospitals must consult with them about any 
requests for disclosure of information pursuant to 
FOIA that they receive. Consequently, the parties 
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tive 2011/62/EU will largely restrict imports of APIs 
into the EU to imports from countries which have 
been listed as applying equivalent API GMP stand-
ards to the EU, or to consignments which have been 
confi rmed in writing to be from manufacturing sites 
which are subject to EU - equivalent GMP standards, 
enforcement and controls by the competent authority 
in the country where the site is established and where 
that competent authority will report GMP non -
 compliance to the EU. 

 Those undertaking wholesale dealing activities 
(including wholesale distribution to countries outside 
the EU) must similarly hold an appropriate authorisa-
tion  [35] . From 2013, brokers (i.e. those who are 
engaged in buying and selling medicines without 
physically handling them) must for the fi rst time reg-
ister themselves and their premises in the EU with the 
Member State where they are established. Both whole-
salers and brokers are also subject to site and system 
inspection to ensure that they are operating in accord-
ance with legal requirements. This includes Good Dis-
tribution Practice rules established under Directive 
2001/83/EEC (Articles 76 – 85). Specifi ed paperwork 
and records must be kept (in particular to facilitate 
tracing of product and batch recall) and proper 
systems and operating procedures must be adhered to. 

 In particular, Directive 2011/62/EU has introduced 
obligations on wholesale distributors to verify that 
wholesalers, importers and manufacturers from 
whom they obtain supplies of medicines hold the 
appropriate authorisations and have complied with 
GMP or GDP, as applicable. Wholesalers must also 
check that brokers from whom they obtain medicines 
are appropriately registered that products they handle 
are subject to the new safety features required by 
Directive 2011/62/EU and that they have not been 
falsifi ed by checking the outer packaging safety fea-
tures. Brokers also have to check that those from 
whom they purchase and to whom they sell hold the 
appropriate authorisations. For the MAH, there are 
numerous obligations and conditions attaching to the 
authorisation and, as with all authorisations held 
under pharmaceutical legislation, failure to comply 
will lead to regulatory enforcement action. Although 
this is still largely undertaken at Member State level, 
the introduction of the Financial Penalties Regulation 
(see  ‘ Financial penalties ’ ) for centrally authorised 
products means European MAHs may additionally 
face regulatory enforcement action at an EU level 
for infringements of conditions attaching to a Euro-
pean MA. 

 There is a tendency in European pharmaceutical 
legislation to assign compliance duties to an identi-

Post -authorisation – controls and 
protection of  investment

Regulatory controls 
 After a product has been authorised, the regulatory 
system operates to keep the quality, safety and effi cacy 
of that product under review and to control the way 
in which it is manufactured, marketed and distrib-
uted. The pharmaceutical legislation in Europe was 
consolidated in 2004 and the majority of the amend-
ments came into effect in October – November 2005. 
Subsequently the Advanced Therapy Medicinal Prod-
ucts Regulation (1394/2007/EC), has come into effect 
to introduce intensifi ed post - authorisation controls 
for products within its scope, especially in the area of 
traceability, post - authorisation follow - up, pharma-
covigilance and risk management. More recently, the 
main European pharmaceutical legislation has again 
been signifi cantly amended to strengthen safety 
(pharmacovigilance) and anti - counterfeit measures. 
The majority of these amendments have been applied 
in the period from July 2012 to January 2013, subject 
to applicable periods of transition for a number of 
specifi ed measures  [34] . 

 EU - established manufacturers of medicinal prod-
ucts (this includes those who undertake full or partial 
manufacture of the product, active substance manu-
facture, and those who package or  ‘ assemble ’  the 
product) must have site - specifi c manufacturing 
authorisations and are subject to regular plant and 
system inspections where they are judged against 
appropriate standards, in particular GMP rules under 
Commission Directive 2003/94/EC and the active 
substance GMP rules to be promulgated under Direc-
tive 2011/62/EU. They are also subject to GMP 
inspections by competent authorities are subject to 
GMP inspections by competent authorities. Any sub-
contracting undertaken by a manufacturer of a man-
ufacturing process (or any part of it) must be subject 
to a detailed technical agreement between the parties, 
setting out the specifi cation for the work and the 
responsibilities, as they are divided between the 
parties, so as to ensure that all aspects of the process 
are properly conducted in compliance with the legal 
and regulatory requirements. With the aim of pre-
venting falsifi ed (counterfeit) medicines entering the 
supply chain, manufacturers of active pharmaceutical 
ingredients (APIs) also require a manufacturing 
authorisation and MA holders are obliged to provide 
a written confi rmation when applying for an MA that 
the manufacturer of the medicinal products has veri-
fi ed the compliance of the API manufacturer with 
API GMP by conducting audits. In addition, Direc-
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the market of more than one Member State  –  will be 
considered at European level. In December 2010 new 
pharmacovigilance (safety) legislation was adopted to 
reinforce the coordinating role of the EMA, improve 
the possibilities for detection of signals (i.e. potential 
safety concerns) and facilitate the operation of coor-
dinated procedures at EU level to respond to safety 
concerns. A new committee  –  the Pharmacovigilance 
Risk Assessment Committee (PRAC) was established 
at EMA while a coordination group of Member 
States ’  representatives was also formally established 
and tasked with examination of pharmacovigilance 
questions and approving and monitoring risk 
management systems. With regard to companies, the 
revisions aimed to strengthen companies ’  pharma-
covigilance systems, largely by concentrating pharma-
covigilance information into a global document in the 
form of a Pharmacovigilance System Master File; 
requiring companies to prepare and operate risk man-
agement plans for all new products and for products 
with safety concerns and by requiring proactive, 
structured pharmacovigilance data collection (includ-
ing via conduct of required post - market studies). The 
revisions also aimed to reduce the administrative 
burden of duplicative reporting and assessments by 
enabling companies to fi le safety reports centrally via 
the EudvaVigliance data processing network. One of 
the stated aims of these changes was to accelerate and 
increase the updating of product and patient infor-
mation with important safety information derived 
from pharmacovigilance, thereby improving both the 
understanding and trust of patients and health pro-
fessionals regarding pharmaceuticals by increasing 
transparency and communication. 

 In advance of the mandatory implementation of 
the new pharmacovigilance legislation (which started 
in July 2012) the Commission introduced additional 
pharmacovigilance proposals in February 2012 to 
further reinforce the new measures after the  ‘ Media-
tor case ’  raised concerns about the adequacy of the 
new legislation. The Mediator case became a strong 
media focus in 2011 and concerned the diabetes 
medicine, Mediator, manufactured by Laboratoires 
Servier, which was reported to have commonly been 
prescribed off - label for obesity despite concerns 
about its safety profi le. The product was withdrawn 
in France in 2009, having previously been withdrawn 
in Spain and Portugal. Regulators in France, and also 
at EMA, were criticized for having failed to adequately 
evaluate saftety issues and/or for not having inter-
vened to remove or restrict the product on the EU 
market earlier. The Mediator case ultimately led 
to the reorganization and re - naming of the French 

fi ed service or a particular individual operating on 
behalf of, or within the MAH ’ s organisation. For 
example, a manufacturer must have  ‘ permanently 
and continuously at his disposal ’  a  ‘ qualifi ed person ’  
whose personal responsibility it is to test product and 
certify it as conforming to the authorised specifi ca-
tion before it is placed on the EU market. In some 
Member States, where breach of certain regulatory 
requirements is subject to criminal sanction, this 
approach has an obvious  ‘ advantage ’  in terms of 
enforcement and in encouraging compliance. For 
example, MAHs must also have a person established 
within the EU who will take responsibility for the 
system for conducting pharmacovigilance and safety 
monitoring of the MAH ’ s products in the market. 
This involves collecting and reviewing data, consider-
ing options for risk minimisation and prevention, 
making reports to the competent authorities and gen-
erating corporate decisions about how best to respond 
to signals arising as a result of safety monitoring (e.g. 
whether to make labelling changes to include new or 
stronger warnings, contraindications, precautions) or 
whether a problem warrants the restriction of the 
product in the marketplace (e.g. sales to hospitals and 
specialist clinics only) or the total or partial removal 
of the product from the distribution chain  [36] . 

 MAHs must also establish  ‘ within ’  their organisa-
tion an information and scientifi c service to serve the 
needs and requirements of the competent authorities 
and health care professionals using, prescribing and 
supplying product  [37] . Although the legal text does 
not require the naming of a specifi c individual, never-
theless the identifi cation of the service and its location 
and capabilities is becoming part of the information 
requirements of the competent authorities in consid-
ering the suitability of an application for an MA, and 
of the applicant as a potential MAH (see Application 
Form Module in Notice to Applicants Part 2B, of the 
Rules Governing Medicinal Products in the European 
Union). The trend in pharmaceutical legislation (in 
part designed to try to achieve levels of harmonisation 
across Member States in the interests of promoting 
free movement of pharmaceutical goods) is to stream-
line the production and supply of product and to 
ensure public health protection by strengthened 
transparency and controls and in particular by requir-
ing the responsible party to be accessible to the 
authorities and readily identifi able within the EU. 

Safety
 The handling of product safety crises is generally 
handled at an EU level. Serious concerns with regard 
to product safety  –  especially where the product is on 



644 Chapter 32 

ing local statutory instrument. From a legal point of 
view, this approach can give rise to some diffi culties 
in the event of complaints or disputes, as the drafting 
of European legislation is undertaken on a rather dif-
ferent basis from that in the UK, where a very literal 
approach is taken to the interpretation of precise 
wording. By contrast, European provisions are 
written more loosely and are intended to be read in 
line with the stated rationale of the legislation (i.e. the 
recitals in the Directive or Regulation), rather than by 
strict reference to the wording used. It is a fact of life 
that the implementation of European legislation can 
result in rather different provisions across Member 
States, each of which interprets the legislation accord-
ing to its own understanding.  

Advertising,  labelling and legal status
 There are specifi c sets of European controls, imple-
mented by national laws, concerning product adver-
tising, labelling and leafl eting, and their legal status 
for purposes of supply (see Directive 2001/83/EC 
Titles VIII, VIIIa, V and VI, respectively).  

Advertising
 There have been European controls on the advertis-
ing of medicinal products for human use since the 
early 1990s and these are currently contained in the 
amended Directive 2001/83/EC. In the light of dis-
parities in practice concerning patient access to infor-
mation about medicinal products, the Com mission 
has consulted during 2007 – 2008 on this issue and put 
forward legislative proposals in De  cember 2008. 
These proposals to aimed at harmonising practices 
across the Member States on the provision of infor-
mation to patients (including via registered internet 
sites) and creating a framework and code of conduct 
for companies to provide specifi ed non - advertising 
information on medicines to the public, subject to 
specifi c quality criteria and to pre - vetting and/or 
monitoring by national by self - regulatory co -
 regulatory bodies overseen by national competent 
authorities (or the EMA for centrally authorized 
products). Signifi cantly amended pro posals adopting 
various changes proposed by the European Parlia-
ment were published in February 2012 but at the time 
of writing have not gained approval and this section 
of the Commission ’ s pharmaceutical package of 
December 2008 may not now progress  [41] . 

 Particular objectives in the current legislation 
involve the moderation of advertising directed at 
members of the public and the setting of high stand-
ards with regard to advertising and promotion 

medicines regulatory authority in 2011. The amend-
ing legislation imposed obligations aimed at ensuring 
an automatic EU - level review of, and response to, 
safety concerns for all products, whether authorized 
via mutual recognition or centrally where safety con-
cerns result from pharmacovigilance. The legislation 
requires MAHs to state reasons for any temporary or 
permanent interruption in, or cessation of, supply of 
a medicine. It also requires Member States and the 
Commission to inform each other and to initiate an 
urgent Union procedure to verify, and if appropriate, 
to react to safety concerns about a medicine which 
arise from the evaluation of pharmacovigilance data. 
This obligation arises where the evaluation of the 
data causes the Member State or the Commission to 
consider suspending or revoking a MA; to prohibit 
supply, or to refuse renewal of a marketing authoriza-
tion, or where they have been informed by the MAH 
that supply has been interrupted on safety grounds. 
Finally, Member States and the Commission are also 
required to inform each other whenever dose reduc-
tions, new contraindications or restrictions are con-
sidered and the urgent Union procedure may then be 
initiated where a Member State or the Commission 
considers it necessary.  

Relationship between local and European  laws
 All national legislation must be consistent and read 
in line with European legislation. National legislation 
that is at odds with European law cannot generally be 
relied upon locally. EU law now covers almost all 
aspects of pharmaceutical development, manufacture 
and supply. However, there is still variation in the 
approach of Member States to the determination of 
whether a product is a  ‘ medicinal product ’  falling 
within the European pharmaceutical legislation, or 
whether it should be classifi ed as some other product 
type (e.g. a food, medical device or cosmetic), despite 
the existence of the defi nition of  ‘ medicinal product ’  
in Article 1.2 of Directive 2001/83/EC. Within the 
Union, it still remains possible to see the same prod-
ucts accorded different classifi cations, and therefore 
supplied subject to the rules of different regulatory 
regimes, in different Member States, though the 
Commission does have powers to set up expert 
groups to determine the regulatory status of products 
with a view to achieving EU harmonisation  [40] . 

 The fairly common approach in the UK to the 
implementation of European legislation is either to 
cross - refer to the relevant European provisions, or to 
 ‘ import ’  the text of the European provisions directly 
and without alteration into the relevant implement-
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1.     All advertising to health professionals must in  -
clude certain  ‘ essential information compatible with 
the summary of product characteristics or SmPC ’ .  
2.     Medical sales representatives must be given ade-
quate training and must have SmPCs available for the 
products they promote at all visits to medical practi-
tioners. They are also under an obligation to pass on 
information they receive with regard to the use of the 
product, and in particular suspected adverse reac-
tions, to their employers.  
3.     No gifts,  ‘ pecuniary advantages ’  or benefi ts in kind 
may be supplied, offered or promised to health care 
professionals  ‘ unless they are inexpensive and rele-
vant to the practice of medicine or pharmacy ’ .  
4.     Hospitality available at sales promotions must 
always be reasonable in level and secondary to the 
main purposes of the meeting. It may be offered only 
to health care professionals.  
5.     No health care professionals may solicit or accept 
inducements prohibited by the Directive.  
6.     Hospitality may be offered at events for profes-
sional and scientifi c purposes provided it is reason-
able in level and subordinate to the scientifi c objective 
of the meeting. Again, it cannot be extended to 
persons other than health care professionals.  
7.     There are limits on the number of free samples for 
prescription - only products that may be left with 
practitioners each year and, in any event, these must 
be supplied in response to a written request from the 
recipient.    

 The current trend in the UK is for regulators to 
seek to take a restrictive line in the enforcement of 
advertising controls. In particular, since late 2005 and 
following a parliamentary committee report, the UK 
competent authority (MHRA) has undertaken pre -
 vetting of advertising for all new active substances for 
3 – 6 months following launch. In the UK, it has long 
been the case that the ABPI (for  ‘ ethicals ’  manufactur-
ers) and the Proprietary Association of Great Britain 
(PAGB) (for the over - the - counter products manufac-
turers) have each participated in a voluntary  ‘ system ’  
of advertising review, monitoring and control. In the 
case of the ABPI, which has its own detailed Code 
of Advertising Practice, a quasi - judicial process 
for reviewing and dealing with complaints against 
member companies with regard to advertising prac-
tices is operated by the Prescription Medicines Code 
of Practice Authority (which is independent of the 
ABPI), to whom complaints are directed, whether 
from industry, practitioners or other individuals. The 
PAGB is organised to pre - vet advertising and promo-
tional material with a view to averting breaches of 

directed at  ‘ health care professionals ’  (a term that is 
broadly interpreted in the UK to include, for example, 
buyers with responsibility to choose and/or to supply 
medicines or persons who are capable of infl uencing 
or determining which product is purchased by or sup-
plied to an end consumer). There are also limits upon 
the supply of free samples by companies, and require-
ments to ensure that companies have the resources to 
provide objective information to those health care 
professionals who require it. It also requires Member 
States to set up systems through which to monitor and 
enforce the advertising controls. 

 The important fi rst principle with regard to adver-
tising and promotion is that it cannot be undertaken 
in respect of any unauthorised product. Not only 
does this include products in respect of which there 
is no authorisation to market at all, but it also means 
that there can be no advertising of products for unau-
thorised indications; for those purposes, products are 
treated as being without a registration. 

 Further, the term  ‘ advertising ’  is very broadly 
defi ned  [42]  and the intent behind an activity  –  that 
is, whether it is  ‘ designed to promote the prescription, 
supply, sale or consumption of medicinal products ’   –  
is material in assessing an activity or printed material. 
Certain items are specifi cally excluded from the scope 
of the Directive: labelling and package leafl ets; corre-
spondence and material of a non - promotional nature 
needed to answer a specifi c question about a product; 
factual and informative announcements; reference 
material relating to pack changes; adverse reaction 
warnings, etc.; and statements concerning health and 
disease that are not referable (even indirectly) to indi-
vidual medicinal products. The Commission propos-
als published in December 2008 and February 2012 
also aimed to further clarify the distinction to be 
drawn between advertising and information. 

 There can be no advertising to the public of prod-
ucts available on prescription only or that are intended 
and designed for use only with the intervention of a 
medical practitioner. There can also be no supply of 
samples to the public for promotional purposes. The 
Directive also produces a very signifi cant list of  ‘ don ’ ts ’  
with regard to the content of advertising material. 

 Some of the more controversial provisions are con-
tained in the sections of the Directive relating to 
advertising to health professionals, and in particular 
the extent to which pharmaceutical companies may 
support and sponsor pharmaceutical conferences and 
offer hospitality, gifts, etc. in the promotional context. 
The fundamental limitations that the EC legislation 
introduces include the following.
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every Member State in which the product will be 
marketed. It also tends to make less attractive the 
multilanguage label, where the combination of two 
or more languages and the different information 
required in the blue box, make design and printing 
overly complicated, expensive and/or impractical. In 
the UK, the leafl et and labelling requirements are 
incorporated into UK law through Part 13 of The 
Human Medicines Regulations 2012  [47] . 

 From a liability point of view, MAH need to bear 
in mind that the way they present a product (not 
just its standard of manufacture or inherent design), 
both to the professionals and to patients, whether 
through direct advertising to patients of OTC prod-
ucts or through the label and patient information 
leafl et, is an area upon which focus will be placed in 
the event of a claim for personal injury that appears 
to have been caused or contributed to by shortcom-
ings in product presentation or information. Such 
shortcomings can amount to a  ‘ defect ’  in the product 
and/or to a manifestation of negligence, and could be 
suffi cient to justify a claim for damages.  

Status
 The classifi cation provisions at Title VI of the 
amended Directive 2001/83/EC lay down the criteria 
to be applied in determining whether a product 
should be available on prescription only (or subject 
to restricted limited supply) or available without pre-
scription. These provisions continue to allow Member 
States to preserve multitier categorisation of product, 
such as applies in the UK, where a product may be 
prescription only, pharmacy only or on  ‘ general sale ’ .  

Civil litigation
 The health care industries have historically seen a 
very high level (relatively speaking) of personal injury 
suits (often multiparty), with claims based both on 
negligence and under the Consumer Protection Act 
1987 (which implemented the Product Liability 
Directive of 1985). The cases tend to be complex sci-
entifi cally, with causation being a particular issue, 
both as to the general and to the specifi c arguments; 
that is, can the product in question cause the injuries 
alleged and, if so, did the product cause the injuries 
in the specifi c case? The changes made in the UK to 
the process of litigation pursuant to the Woolf Report 
and the Jackson Reforms; the increasingly controlled 
availability of legal aid and conditional fees will all 
have an impact upon the incidence of claims in years 
to come. However, in ensuring regulatory compli-
ance, in determining corporate policy and practice, 

advertising rules in the UK. Advertising regulations 
to implement EC law were introduced into the UK in 
1994 and have since been consolidated into the 
Human Medicines Regulations 2012  [43] .  

Labelling
 Leafl ets and labelling requirements are part of Direc-
tive 2001/83/EC (with adapted requirements for 
advanced therapy medicinal products being set out 
in Regulation 1394/2007). These require patient 
information leafl ets to be placed in all product pack-
aging, and specify the content and the order of the 
content for such leafl ets. They also require MAHs to 
consult with target patient groups when developing 
package leafl ets in order to promote  ‘ readability ’  by 
patients  [44] . 

 The function of a leafl et is twofold: to help a 
patient to recognise the fact, and to cope with the 
consequences in the event, of side effects or problems 
arising; but also to allow them to decide whether to 
take or continue to take a product in the light of 
information provided. The 2010 legislation, aimed at 
strengthening safety measures in relation to medi-
cines, also imposed requirements to include a specifi c 
section in the leafl et alerting patients to possible 
adverse reactions and appropriate actions to take in 
such an event  [45] . It also required the leafl et to indi-
cate whether the product is listed for additional safety 
monitoring and to expressly ask patients to commu-
nicate any suspected adverse reactions to a healthcare 
professional or regulatory authority. 

 There are also specifi c requirements for the label-
ling of external,  ‘ immediate ’  and container packaging 
for all pharmaceutical products (including Braille 
labelling), with the particular concern that the patient 
should be able to identify the product and the respon-
sible source of the product within the EU. 

 The provisions with regard to labelling do allow for 
differences between labels for products destined for 
different Member States. Such variations are intended 
to be located in one place on a product label, which 
has come to be known as the  ‘ blue box ’ . Within the 
blue box, Member States are allowed to require infor-
mation about the price of the product, reimburse-
ment conditions, legal status and other information 
that goes to product  ‘ identifi cation and authenticity ’ . 
This permissive aspect of the Directive is notable, as 
it means that even in relation to products that have 
been authorised through the centralised procedure, 
where the authorisation is in all other respects identi-
cal, it is rarely possible to produce one label that 
(when translated) is acceptable and appropriate for 
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Protecting  investment
Intellectual property 
 There are other aspects to the maintenance of a 
product in the market. The ability to protect and 
recoup investment is vital if new products and the 
development of existing products are to be sustained. 
IP rights provide various methods of protecting 
products and can be an important and a valuable 
asset in providing legitimate barriers against domes-
tic and foreign competition. 

 The principal method of protecting  ‘ novel ’  prod-
ucts and processes is by patents. A patent confers an 
absolute monopoly on the holder in the territory for 
which it is granted, but in order for the patent to be 
valid, everything covered by the patent claim must be 
a new invention. Patents generally last for 20 years 
from the date of application. 

 The adoption and registration (where possible) of 
trade marks is another important commercial deci-
sion. Any words or symbols, and in some cases 
sounds, smells and colour codings (e.g. the colour of 
capsules), that identify the goods of one manufac-
turer or trader and that are distinctive of those goods 
may be protected. A trade mark may be registered in 
respect of goods or of services, but will generally be 
protectable only if it is used, or is to be used, in the 
course of trade by the owner. Even an unregistered 
trade mark can confer a level of protection upon its 
holder, who may be able to bring a  ‘ passing - off  ’  
action against a competitor using the mark in order 
to benefi t from the reputation built up by its owner. 

 Copyright applies automatically to literary and 
artistic works, including industrial designs, plans and 
drawings. In the pharmaceutical industry, copyright 
is likely to be of lesser importance than the levels of 
protection afforded by patents or registered trade 
marks. However, copyright may be relevant to the 
packaging used for pharmaceutical products, both as 
to the layout (artistic copyright) and to the text itself 
as well as patient information leafl ets and related 
material. The right exists to prohibit the unauthor-
ised copying of the whole or a substantial part of a 
protected copyright work. 

 Finally, registered and unregistered designs should 
be mentioned, although they again may be of less 
relevance to pharmaceutical products themselves. 
Nevertheless, it may be possible to obtain a degree of 
protection for some goods by registering the designs 
for the packaging in which they are sold, or the shapes 
of the products themselves in addition to logos, type-
faces and  ‘ brand features ’ . The cheapest and simplest 
method of obtaining European Community - wide 

and in all aspects of manufacturing and sales, com-
panies seek to limit the public ’ s exposure and hence 
their own exposure to the risks of avoidable personal 
injury.  

Financial penalties
 Although most regulatory compliance enforcement 
still occurs at Member State level, the Commission 
has powers to impose fi nes upon European MAHs, 
which resemble those granted to the EU competition 
authorities. In June 2007, the Commission adopted 
Regulation 658/2007 which details how the powers, 
already granted to it under Regulation 726/2004 to 
impose fi nancial penalties for infringement of certain 
obligations in connection with European MAs, may 
be exercised. This Regulation was amended in 2012 
 [48]  to expand its scope of application to include the 
enforcement of the 2010 pharmacovigilance obliga-
tions introduced via Directive 2010/84/EU and Regu-
lation (EU) 1235/2010, as well as to incorporate 
infringements of the Paediatric Regulation 1901/2006/
EC. These expanded powers relate to infringements 
by the European MAH which are either intentional 
or derive from negligence and which belong to one 
of the following categories:
1.     inaccurate submissions to the EMA;  
2.     breach of the conditions and obligations con-
tained in the MA;  
3.     breach of post - marketing obligations (including 
obligations concerning the conduct of post - market 
studies);  
4.     breach of pharmacovigilance obligations (now 
listed in more detail in light of the 2010 pharmaceuti-
cal legislation); or  
5.     breach of Paediatric Regulation obligations.    
 The decision to initiate the required prior inquiry 
procedure lies with the EMA, although this can 
be in response to requests received from Member 
States or the Commission as well as upon its own 
initiative. 

 Where the Commission fi nds that the European 
MAH has committed, intentionally or negligently, an 
infringement, it may adopt a decision imposing fi nes 
up to specifi ed maximum percentages based upon 
average annual (or, in the case of continuing infringe-
ments or a failure to cooperate during the preceding 
inquiry procedure, average daily) Community - wide 
turnover during the preceding business year. A further 
concern to companies is the potential for  ‘ double 
jeopardy ’ , as in some cases the same infringement can 
be penalised at both EU level under this Regulation as 
well as under Member States ’  national laws.   
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 [49]  ’ . Patents will thus often protect an apparatus or 
device, a product or substance, or an industrial 
process or method of operation. 

 Various things are excluded from patentability, for 
example, a mathematical method, a scientifi c theory 
or a mere discovery. Also excluded are methods of 
treatment of humans and animals (e.g. by surgery or 
therapy), these being deemed to be not  ‘ capable of 
industrial application ’ . Nevertheless, a patent may be 
obtained for the use of a substance or composition in 
any such method, if this use is otherwise novel and 
inventive. There are issues surrounding the patentabil-
ity of various types of biotech and chemical inventions, 
such as stem cells, diagnostic processes, bioinformat-
ics, second medical uses, three - dimensional protein 
and crystalline structures, dosing regimes, classes of 
compound, DNA sequences and animals.  

Application for a patent
 Applications can either be made separately in every 
country where protection is sought or under one of 
the international conventions that exist. The one 
most relevant to applicants in Europe is the European 
Patent Convention (EPC). Under this, an application 
is made to the European Patent Offi ce, designating 
the signatory states in which a patent is required. This 
replaces the procedures in the National Patent Offi ces 
and results, upon acceptance of the application, in 
separate national patents in each of the designated 
states. All European Community Member States, 
amongst others, are parties. The London Agreement 
has lowered the costs associated with translation for 
the European patent system. This is because it is no 
longer necessary to translate the patent into the 
national languages of all countries where the patent 
is to come into force. It should be noted that, at 
present, there is no single unitary patent available for 
all the European Community countries. However, a 
so - called  ‘ Unitary Patent ’  is envisaged for the future. 
Negotiations on this reform are ongoing, but have 
recently achieved greater momentum. In addition, 
proposals for the creation of a central Unifi ed Patent 
Court are also being discussed. This would, to an 
extent, harmonise patent litigation across Europe, 
preventing the current patchwork of protection 
whereby patents can be found valid or infringing in 
one Member State and not another. 

 Another relevant convention is the Patent Co -
 operation Treaty, to which the UK is a party along 
with more than 143 other members in both North and 
South America, Africa, Asia and the Pacifi c, as well 
as most of the EPC countries and other European 

protection for a design is by registering a Community 
design. Because the European Community is now 
a full member of the World Intellectual Property 
Organisation it is now relatively easy to extend design 
protection across most industrialised countries, by 
fi ling a single international application. 

 European law applies a doctrine of  ‘ exhaustion of 
rights ’  in relation to the use of intellectual property 
rights. In effect, once the right has been used with 
respect to a particular product by its owner (e.g. to 
put a patented product on the market in a Member 
State), the owner may not assert that right to prevent 
the product moving round the Community thereaf-
ter. This principle limits the circumstances in which 
these rights may be enforced in respect of onward 
trade in the EU (e.g. in relation to parallel imports). 

 Copycat or look - alike products are of particular 
concern to the pharmaceutical industry. Apart from 
the obvious impact on the brand holder, look - alike 
products can distort the market and lead to confusion 
for consumers. The law seeks to strike the right 
balance between allowing genuine competition and 
preventing misrepresentation, deception and the 
gaining of an unfair advantage. There are a range of 
potential legal causes of action that may be open to a 
brand holder, including for passing off, unfair com-
petition and infringement of trade marks, designs 
and/or copyright.  

Patents in the  UK
 In order to be patentable a product or process must:
    •      be new;  
   •      involve an inventive step;  
   •      be capable of industrial application; and  
   •      not be otherwise excluded.    

 To be new, the invention must never have been 
disclosed publicly in any way, anywhere, before the 
date on which an application for a patent is fi led. 

 To have an inventive step the invention must not 
be obvious when compared with what is already 
known, to someone (or a team of people) with good 
knowledge and experience of the subject at the time 
of the patent application  –  generally referred to in the 
trade as the person  ‘ skilled in the art ’ . Further, it must 
be capable of being  ‘ industrially applied, that is, made 
or practically used in some sort of industry. The 
Supreme Court has held that there is no need to show 
that a particular use for a biological product has actu-
ally been demonstrated; the product need only be 
plausibly usable for the purposes of research, in order 
to meet the requirement for industrial application 
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monopoly, it is clear that it would not be right to 
allow the registration of trade marks that are identi-
cal, or that can be confused with words or symbols, 
which other traders in the same class of goods should 
be free to use in the ordinary course of business. 

 Goods and services are divided for registration 
purposes into classes, in respect of which a mark may 
be registered. Pharmaceuticals fall within Class 5, but 
the scope of many of the classes (of which there are 
45) is very wide. Class 5, in fact, covers pharmaceuti-
cals, veterinary and sanitary substances, dietetic sub-
stances adapted for medical use, infant foods, plasters, 
material for dressings, material for fi lling teeth and 
dental wax, disinfectants fungicides, herbicides and 
preparations destroying vermin. 

 The simplest and cheapest way to obtain trade 
mark protection across the EU is to apply for a Com-
munity Trade Mark (or CTM). The CTM system is 
administered through the Offi ce of Harmonisa -
tion for the Internal Market (OHIM), and a CTM 
application can be made directly to OHIM in Spain, 
or through a national trade mark offi ce (e.g. the 
UK Intellectual Property Offi ce). Once granted, the 
CTM is a unitary right that takes effect throughout 
the EU, and EU - wide relief can be obtained against 
infringement. 

 However, opposition to a CTM application is more 
likely than a national application, and if the mark is 
refused on the basis of an earlier right in one member 
state it will be refused for the whole EU. Individual 
national registrations give greater fl exibility to the 
applicant, and are less risky in this respect, and this 
approach can be costly if the mark is required to be 
registered in numerous European jurisdictions. 

 In many cases it will not be possible to obtain a 
registration of the same trade mark in all countries, 
for various reasons, such as the existence of confl ict-
ing marks already held by others in those countries, 
or owing to unfortunate associations arising in par-
ticular languages. This variation in registration 
opportunities means that the same product may be 
marketed in different parts of the European Com-
munity under different trade marks (e.g. Septrin and 
Eusaprim). Regulatory authorities will also review 
and, if acceptable, approved proposed trade marks for 
use with pharmaceutical products. 

 A registered trade mark will not generally be 
infringed by its use in goods that have been put on 
the market in the European Economic Area under 
that trade mark, either by the proprietor or with its 
consent. This prevents the trade mark proprietor 
from stopping further circulation of goods bearing its 

countries. This facilitates making many national 
applications by fi ling in a single Patent Offi ce. There-
after, the individual national procedures operate inde-
pendently, leading again to separate national patents. 

 Generally speaking, every patent application must 
include suffi cient disclosure of the invention for it to 
be capable of being put into practice by the person 
 ‘ skilled in the art ’  after its expiry. The price of a tem-
porary monopoly is the disclosure of the invention 
for later general use. There is invariably a considera-
ble delay between the date of fi ling an application 
and the eventual patent grant, during which the rel-
evant examining offi cers make searches and report 
any relevant prior documents they may fi nd to the 
applicant. The applicant may then amend the speci-
fi cation to take these into account to avoid claiming 
what is known or obvious, which leads to a further 
examination of the specifi cation as amended to 
ensure it meets the requirements of novelty and 
inventive step. 

 A patent gives the patentee a monopoly protection 
during its life (20 years from the application date, 
unless otherwise revoked or invalidated), but it is up 
to the patentee to enforce his or her rights by detect-
ing whether someone is infringing the patent, and 
then initiating legal action if the matter cannot be 
settled.  

Trade  marks in the UK
 A trade mark is a means of identifying the origin of 
goods or services. It is a symbol, whether in words or 
a device, or a combination of the two, that a person 
uses in the course of trade so that his or her goods 
may be readily distinguished by the purchasing public 
from similar goods of other traders. To achieve this, 
the trade mark must be distinctive in itself. Broadly, 
the more descriptive a trade mark is in relation to the 
goods to which it is applied, the less distinctive it is 
likely to be. The more a mark is likely to fall into 
common use by persons trading in goods of a similar 
description, the less likely it is to be distinctive. There-
fore, trade marks that are increasingly used as generic 
descriptions of classes of goods generally lose their 
special qualities and protection as trade marks. 

 Registration of a trade mark confers a statutory 
monopoly over the use of that trade mark in relation 
to the class of goods for which it is registered (e.g. 
pharmaceuticals), and the registered owner has the 
right to sue in the courts for infringement of that 
mark by a person seeking to apply it, or something 
confusingly similar to it, to his or her own goods or 
services. Because registration confers this statutory 
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the end of the term of the basic patent, for a period 
equal to the period that elapsed between the date on 
which the application for the basic patent was lodged 
and the date of the fi rst authorisation to place a 
product derived from the patent on the market in 
the Community, reduced by a period of 5 years. The 
maximum duration of the certifi cate is 5 years. The 
certifi cate applies to all medicinal products derived 
from the basic patent (provided that they are also the 
subject of a valid MA), but the additional time that 
can be obtained under the SPC is calculated in rela-
tion to the fi rst MA for product derived from the 
patent in the EU. 

   Example     Product A  

  Patent application    1990  

  Patent granted    2000  

  First MA in the EU    2004  

  SPC: 2004 – 1990    14 years less 5 years. Leaves SPC 

of 9 years, rounded down to the 

maximum 5 years, to run from 

2010.  

 The CJEU has ruled that an SPC will not be granted 
for a product that has a combination of two sub-
stances in which only one of the substances has 
a therapeutic effect. However, where a medicinal 
product is protected by a number of basic patents, the 
CJEU has stated that an SPC may be granted to each 
holder of a basic patent. This is in contrast to the US 
system, which only allows one extension per product. 
The CJEU recently ruled that it is not possible to 
obtain an SPC for active ingredients which are not 
identifi ed in the wording of the claims of the basic 
patent relied on in support of the relevant MA. 
However, it is possible to obtain an SPC for an active 
ingredient specifi ed in the wording of the claims of 
the basic patent relied on, where the medicinal 
product covered by the relevant MA contains a com-
bination of not only that active ingredient but also 
other active ingredients  [51] . In addition, several 
SPCs can be based on the same patent, provided they 
relate to different products  [52] . There is an addi-
tional possible 6 - month extension to an SPC as a 
reward for compliance with the Paediatric Regula-
tion. This includes a requirement for data on the use 
of the medicine in children to be submitted at the 
time of applying for an MA, and subject to fulfi lling 
the conditions, the extension will be granted whether 
or not the drug is actually shown to be effi cacious in 
children. 

trade mark, once it has allowed them to be placed on 
the market. 

 However, this will not apply where there are  ‘ legiti-
mate reasons ’  for the proprietor to oppose further 
dealing in the goods, such as where the goods have 
been altered. Repackaging gives rise to diffi cult issues. 
In the pharmaceutical industry it may be necessary to 
repackage or relabel goods to market them in EU 
countries other than the originator country. The 
courts have sought to strike a balance between the 
interests of the trade mark proprietor in not allowing 
the reputation of its trade mark to be damaged, with 
the principle of free movement of goods within the 
EU. The Court of Justice of the European Union 
(CJEU) has laid down a set of conditions that a paral-
lel importer must follow in order to avoid infringing 
the trade mark when repackaging. It must be neces-
sary to repackage to market the product (and the 
trade mark owner must be supplied with all necessary 
and suffi cient information needed to determine 
whether this is the case)  [50] ; there can be no effect 
on the original condition of the product or instruc-
tions; the repackaging must include clear identifi ca-
tion of manufacturer and importer; the presentation 
must be non - damaging; and notice must have been 
given to the trade mark owner before importing the 
repackaged goods. These conditions have been the 
subject of much litigation before national courts and 
the CJEU over recent years.  

Supplementary protection  certifi cate 
 Although patent protection does not commence until 
a patent application has been assessed by the relevant 
registry and has been granted (a process which may 
take several years), the 20 year term of a patent is 
calculated from its application date, meaning a 
reduced period of effective protection. There are 
additional diffi culties in relation to medicinal prod-
ucts, as it can take many years for the products to 
undergo research, development, the extensive clinical 
trials and the authorisation process itself that are 
required in order to obtain an MA. These steps are 
also extremely expensive. As a result the amount of 
time that remains during which the patent holder can 
put the product on the market, exploit his or her 
patent and recoup his or her massive investment can 
be severely curtailed in relation to medicinal prod-
ucts. For this reason, the European Community has 
provided a form of additional patent - related protec-
tion for medicinal products authorised within the 
European Community, by means of an SPC. A patent 
holder may apply for a certifi cate that takes effect at 
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 Where a medicinal product has been granted 
an initial marketing authorisation,  ‘ any additional 
strengths, pharmaceutical forms, administration 
routes, presentations as well as variations and exten-
sions shall be granted an authorisation ’ , but  ‘ shall be 
considered as belonging to the same global MA ’ . 
Therefore, there is no separate data or market exclu-
sivity periods for line extensions. However, the 
market exclusivity period for the reference medicinal 
product, including any line extensions, may be 
extended by a maximum of 1 year if during the data 
exclusivity period the MAH obtains an authorisation 
for one or more new therapeutic indications that 
provide a signifi cant clinical benefi t. Companies con-
sidering applying for this extension which are also (or 
will be) eligible for a 6 - month SPC extension under 
the Paediatric Use Regulation must choose between 
the potential benefi ts of these two rewards. 

 The new European system of market exclusivity is 
informally known as the  ‘ 8    +    2    +    1 ’  regime, with the 
initial 8 - year period of data exclusivity followed by 
2 years of marketing exclusivity, with a possible 
extra year if additional therapeutic indications can be 
found. 

 The EU fi nally launched an orphan drug policy in 
2000 aimed at stimulating research and availability of 
drugs for diseases or conditions defi ned as low preva-
lence or as likely to result in low profi tability for the 
products in question  [55] . Such products became 
subject to the normal MA centralised evaluation 
procedures under Regulation 726/2004 in November 
2005. The main regulatory incentive to pharmaceuti-
cal companies to develop and market drugs for rare 
diseases and conditions in the EU is a 10 - year market 
exclusivity period during which time applications for 
authorisation (or extension of authorisation) of other 
similar products for the same orphan indication can 
neither be accepted nor granted other than in very 
limited circumstances. Thanks in part to this 10 - year 
market exclusivity period and to a reduction in fees 
payable to the EMA and other available incentives, 
the 5 - year report on the programme in June 2006 
showed that 22 designated medicines had received 
MAs for the treatment of 20 life - threatening or 
chronically debilitating illnesses while a further 170 
products with an orphan designation were still in 
clinical trials. Since then the Paediatric Use Regula-
tion (1901/2006) has created the possibility of a 
further 2 - year extension to this 10 - year period for 
companies that perform the agreed paediatric studies 
in relation to an orphan product in accordance with 
an agreed Paediatric Investigation Plan.    

 The CJEU recently held that an SPC can be granted 
for a zero or negative term (if the fi rst marketing 
authorisation was granted less than 5 years after the 
fi ling date of the basic patent), thereby allowing the 
patent owner to obtain the benefi t of a paediatric 
extension in such circumstances  [53] .  

Data and market  exclusivity
 Irrespective of patent law, the MAH may be afforded 
a period of data and marketing exclusivity under the 
European regulatory provisions, that is, a period of 
freedom from competition and competitors, who do 
not themselves propose to generate and submit their 
own full data set in order to obtain an MA. A com -
pany that applies for a MA will normally be required 
to produce the results of pharmacological and toxi-
cological tests and the results of clinical trials at the 
cost of considerable time and expense. Similarly, in 
order to benefi t from the usual data and market 
exclusivity protection, companies applying for a 
PUMA, introduced under the Paediatric Use Regula-
tion (1901/2006), must submit the results of paediat-
ric studies supporting the paediatric indication which 
have been performed in relation to an off - patent 
product in accordance with an agreed Paediatric 
Investigation Plan. 

 Under the abridged procedure for MA, a generic 
drug applicant can submit an application relying on 
preclinical and clinical data submitted by an innova-
tive drug manufacturer once the data exclusivity 
period relating to a particular drug, which has been 
authorised in the EU (the European reference medici-
nal product), has expired. The amended Directive 
2001/83 and Regulation 726/2004 standardise the 
data exclusivity period across the EU to 8 years from 
the date of initial authorisation in the Community 
for all innovative medicinal products where the 
authorisation application was submitted after 30 
October 2005 and authorisation applications submit-
ted after 20 November 2005 for centrally authorised 
products  [54] . Previously, periods of either 6 or 10 
years (and in some cases even 0 years beyond patent 
expiration) were in force across the various EU 
member states. These periods will continue to apply 
for reference products already authorised in October –
 November 2005. 

 Although data exclusivity expires after 8 years, 
there then follows an additional 2 years of market 
exclusivity, meaning an MAA may be submitted but 
a generic product cannot be placed on the market 
until 10 years after the initial authorisation of the 
reference medicinal product. 
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33   Medical  m arketing  
David B. Galloway and  Bensita M.V. Thottakam
  Cytosystems Ltd, Aberdeen, Scotland       

Introduction 

 The pharmaceutical industry is a business and as such 
medical marketing has a key role in the development 
of that business and hence the survival of the 
company to which the medical practitioner has been 
exposed. Most physicians, regardless of specialty 
training, have little or no idea of the complexities nor 
indeed the excitements which the Pharma business 
can offer them. However, this is changing and the 
introduction through the Faculty of Pharmaceutical 
Medicine (FPM, 2008) of the Diploma in Human 
Pharmacology for investigators responsible for phase 
I studies of investigational medicinal products in man 
and the Certifi cate in Human Pharmacology for phy-
sicians and scientists who support such studies, has 
done much to provide a focus and background to 
many aspects of medical marketing  [1] . 

 However, there is so much more to medical mar-
keting. Such areas as product competition, market 
segments, inventory, formulation issues, public rela-
tions campaigns, opinion leader development and 
new techniques in approaching specialist subscribers 
are all part of the usual armamentaria of those in the 
medical marketing department. Such a process from 
the laboratory to the marketplace and the dispensing 
of pharmaceutical products to patients may take any-
thing between 10 and 12 years and cost upwards of 
 £ 800 –  £ 900 million. More recently, there has been an 
added dimension in medical marketing involving the 
concepts of e - marketing using a variety of electronic 
equipment and, in particular, tablets and smart 
phones to maximise sales and potential. 

 There is little doubt that these days the general 
public are much more aware of the power of market-
ing and the importance of brand and brand image. 
The complexity of medical marketing is simply one 
aspect of a business proposition in the pharmaceuti-
cal industry. This encompasses the most detailed and 
demanding of scientifi c specialties and basic sciences 
as well as the translation of these sciences from 
animal studies in the laboratory to early studies in 
man and its subsequent development as a pharma-
ceutically approved medical product. In addition, 
there is fresh momentum in the pharmaceutical 
industry towards emerging countries and for change 
to the current industry business model and the inter-
est around early revenue growth. The medical market 
has to consider in detail not simply those established, 
well - documented and somewhat sophisticated 
markets of the West, in particular the USA, Europe 
and Japan, but also the importance of emerging 
markets involving Brazil, Russia, India and China (the 
so - called BRIC initiative). 

 Many of the chapters in this textbook focus on the 
various aspects of research, development and the 
licensing of pharmaceuticals. All of those individuals, 
both physicians and non - medical scientists, working 
in departments other than sales and marketing, 
require some understanding of marketing. Such tech-
niques which, even in the last 3 – 4 years, have devel-
oped as a consequence of increased communications 
worldwide between different areas of the company 
and have emphasised different health care needs. 
Thus, companies, particularly those with global aspi-
rations, have recognised that the unmet medical 
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needs in emerging markets give great scope for 
improving the lives of patients who previously did 
not have access to existing medicines and who provide 
opportunities for sales of established products as well 
as those that involve novel pharmaceuticals. Thus, 
the requirements of individuals working in a phase 
I clinical pharmacology unit may be vastly different 
from the physician working as a medical advisor 
along with sales and marketing colleagues. The posi-
tion of medical advisor, depending on the size of 
the company, makes demands upon training quite 
different from the National Health Service (NHS) or 
a country - based health care system. This chapter 
focuses on the role of physicians working as medical 
advisors and the kind of knowledge base that will 
help them to understand not only the areas in which 
they work, but also the importance of those areas 
in relation to the overall development of a new 
medicine. 

 Although this chapter is geared towards pharma-
ceutical products, it is equally important to note that 
medical input is a necessary source of information in 
the marketing of diagnostic products, either in the 
early detection of disease states such as cancer, coro-
nary artery disease or diabetes or in the monitoring 
and in particular the follow - up and surveillance of 
these patients. Such  in vitro  diagnostic devices (IVDs) 
may also contribute towards the prognosis of patients 
or management outcomes in the future. Thus, 
medical diagnostic products, increasingly important 
within the pharmaceutical business overall, are 
rapidly establishing a place in research and develop-
ment (R & D) as well as providing a shorter route to 
market (5 – 7 years) and a substantial and increasing 
early cash return. 

 This chapter is written from a UK perspective and 
readers in countries outside the UK will need to make 
allowances for this. Some specifi c points may not be 
relevant to other countries but, in general, the prin-
ciples apply to most health care systems. It is certainly 
worthwhile noting that the code of practice for the 
pharmaceutical industry, which has been in opera-
tion since 1993 and most recently updated in 2011 as 
the Prescription Medicines Code of Practice Author-
ity, provides a very sound foundation not only for 
the way in which pharmaceutical companies are 
required to operate in the UK, but also gives clear and 
specifi c guidelines on all areas of pharmaceutical 
practice. This includes in particular the importance 
of appropriate marketing authorisation, prescribing 
information, abbreviated advertisements, journal 
advertising and the relevance and accuracy of infor-

mation claims and comparisons between one product 
and another  [2] .  

Pharmaceutical market

 The world pharmaceutical market represents the 
outcome of successful medical marketing. The market 
itself continues to grow and this despite signifi cant 
worldwide recession since 2008. It was noted earlier 
that in 2000 – 2009  [3]  global pharmaceutical sales 
more than doubled (Figure  33.1 ). Not surprisingly, 
with regard to both size and dynamics, the US market 
still leads other major industrial countries with phar-
maceutical sales to 2009 topping $300.7 billion, fol-
lowed by Japan, Germany, France and China. The UK 
stands eighth in market position at $19.8 billion. 
Overall, it is important also to recognise that the global 
pharmaceutical market forecast in the years 2009 –
 2014 is expected to grow by 5 – 7% in 2011 to US$880 
billion compared to the 4 – 5% increase in 2010, and this 
places considerable responsibility on medical market-
ing departments to fulfi l company expectations.   

 The largest group of products on a worldwide basis 
used to be antibiotics but more recently, and particu-
larly in the last 5 years, sales increases were recorded 
mainly for the treatment of serious and chronic dis-
eases especially rheumatic, cardiovascular and mental 
illnesses. The dismal record of the UK, which spends 
less on medicines per head (55p per person per day) 
than almost any other Western country (Ireland 
at 101p per person per day), has continued over the 
past 5 years. Indeed, the spend on medicines as a 
percentage of gross domestic product (GDP) in 
various countries as at 2009 showed that the UK 
spends 0.91% of GDP on medicines as opposed to the 
USA which spends some 2.14% GDP on medicines 
(Figure  33.2 ).   

 The conservativism which is a key marker of the 
UK ’ s policy provides an increasing challenge to the 
medical marketeer and it does take a very long time 
for UK prescribers to take up a new product. General 
practitioners (GPs) in the UK, and in some instances 
the specialist hospital consultant, similarly conserva-
tive in their views, may recognise signifi cant advances 
in therapeutic outcomes only by virtue of effective 
medical marketing. For most therapeutic classes there 
is a relatively slow pattern of uptake and the demand 
for evidence - based medicine to convert earlier estab-
lished medical prescribing practices to newer and 
more defi nitive or targeted therapy does take both 
time and marketing effort. 
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pharmaceutical industry is highly fragmented and the 
importance of small companies amongst those global 
giants such as Johnson  &  Johnson, Pfi zer, F. Hoffman -
 LaRoche Ltd, Novartis AG and GlaxoSmithKline plc 
should not be underestimated. Smaller companies 

 There is little doubt that the pharmaceutical 
market is both complex and diverse. Differences in 
therapeutic areas and in the ways in which countries 
use medicines vary widely across the globe. It is of 
interest that unlike most other global industries, the 

     Figure 33.1     The global pharmaceutical 

market and sales at manufacturer prices in 

the pharmacy market.  (Reproduced with 

permission from IMS Health, The 

Association of Research Based 

Pharmaceutical Companies (Germany).)   
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     Figure 33.2     Medicines expenditure as a percentage of gross domestic product (GDP) 2009 (2008).  (Reproduced with 

permission from IMS Health World Review Analyst 2010.)   

2.14%

1.58%

1.28%

1.53%

1.54%

1.22%

1.10%

0.91%
0.87%

0.00% 0.50% 1.00%

GDP%

1.50% 2.00% 2.50%

0.94%

1.11%

1.22%

USA

Japan

Spain

France

Belgium

Germany

Italy

Ireland

Austria

Sweden

UK

Denmark



656 Chapter 33

thought and clarity of execution and remains under 
constant revision and updating, depending on 
changes in marketing needs and targeted patient 
opportunities. The sheer cost of R & D for new phar-
maceuticals to the market demands active coopera-
tion between the marketing and clinical development 
groups and this includes all areas of clinical research 
activity if the product and the company are to be 
successful. 

 In recent experience, it was not unusual for the 
clinical research group and the marketing team to 
have no contact until such time as the product was 
within 2 years or so of launch. This particular para-
digm is no longer viable and is certainly no longer 
practised. Today, the interaction of the medical mar-
keting team occurs at a very early stage in product 
development and a representative of that team may 
well be involved in the initial introduction of the 
product to humans as part of the phase I and II pro-
grammes. Similar developments have taken place in 
the diagnostics market and the reasons for this are 
quite clear. The early introduction of a novel diagnos-
tic in an established disease entity is highly attractive 
to the market whereby clear benefi t for early diagno-
sis in assessment of the degree of illness and possibly 
also prognosis are all very attractive features in phar-
maceutical development. Often, and increasingly 
commonly, diagnostics are added to the pharmaceu-
tical armamentarium in preparation for a potent 
therapeutic intervention once the disease has been 
diagnosed. This is particularly important where early 
screening programmes for target groups of individu-
als, for instance in diabetes or coronary artery disease, 
may prove attractive markets for novel diagnostic 
interventions promoted either by specialist compa-
nies or, more commonly, as an adjunct to separate 
divisions of pharmaceutical companies. 

have often provided targeted therapeutic advances 
which in larger companies may not be readily achiev-
able. In addition, it is important to recognise the 
growth and importance of biotech companies both 
by impact on the pharmaceutical market as a whole 
and by market value. Leaders amongst this group of 
corporations include Amgen Inc., Biogen Idec Inc., 
and CSL Ltd, all of which contribute substantial value 
to the growing pharmaceutical sector. 

 Pfi zer remains the market share leader not only in 
the UK but globally with a sales value of $67.8 billion 
and is closely followed by Johnson  &  Johnson at $61.6 
billion, Novartis AG at $50.6 billion and F. Hoffman -
 LaRoche at $47.2 billion. These companies all 
compete for market share not only in the UK but 
worldwide. Thus, it is clear that companies with a 
knowledge base and expertise in particular areas tend 
to retain those areas both for investment and for 
medical marketing. Such activity is commonly 
referred to as  ‘ franchises ’  and the ability of leading 
companies for such a franchise area is often a key 
factor in remaining successful in terms of market 
share, cash return and shareholder profi t. The role of 
franchises should not be underestimated and are 
dealt with later in the chapter. 

 In this respect also, the sales of genetically manu-
factured pharmaceuticals (biopharmaceuticals), a 
relatively recent set of products in pharmaceutical 
medicine, is constantly increasing. In 2000, this share 
of the worldwide pharmaceutical market was still 
7.6%. By 2006 this had risen to 10.9% of market share 
and the increase over the intervening years to 2009, 
using Germany as an example, is illustrated in Figure 
 33.3  at 16% of the domestic market. Just under half 
of overall sales were recorded for insulins to treat 
diabetes and interferons used for immune disorders. 
Other important applications included blood disor-
ders, rheumatic diseases, monoclonal antibodies 
against cancer, enzymes for metabolic disorders and 
vaccines. Thus, it is clear that the pharmaceutical 
market, despite recent diffi culties in overall sales 
worldwide due to the global fi nancial crisis, continues 
to expand and respond not only to market opportu-
nities but also to patient need.    

  Strategic  p lanning 

 The importance of marketing in the success of any 
product cannot be underestimated. A marketing plan 
including a life cycle management plan, just like a 
clinical research project plan, requires considerable 
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they have in their portfolios. Such decision - making 
cannot be taken in isolation and clearly needs the 
joint agreement of the both the R & D and the market-
ing groups. Such relationships are not always easy to 
achieve and again experience determines that leader-
ship in both areas is absolutely key to effecting a high 
profi le product launch. Throughout this process, the 
head of R & D and the head of marketing must jointly 
agree that fl exibility and alteration in priorities have 
to be part of the overall strategic plan, not merely 
nationally but globally and more particularly involv-
ing the emerging markets when regulatory claims 
may need to be modifi ed as clinical development 
progresses. At some point the strategic plan will come 
to fruition and the marketing launch associated with 
product delivery should match the overall anticipa-
tion of market size and fulfi l the commercial and 
business needs of the company.  

Customers 

 There is little doubt that in this highly competitive 
marketplace there are a number of key elements that 
need to be considered when formulating a marketing 
plan. The strategy and tactics, some of which have 
been illustrated above, will vary depending on the 
stage of the product ’ s life cycle (i.e. the stage at which 
it is launched, developed, re - invented and extended 
as a therapeutic product for the treatment of a par-
ticular disease or therapeutic area). Such a plan 
would, for example, be markedly different for the 
product not yet launched to one that is near to the 
end of its patent life. The increasing recognition of 
the importance of patent life and the relevance of 
generic competition, one of the fundamental ele-
ments of any marketing plan, must be an understand-
ing of the customer and his needs. 

 The aim of marketing is to meet and satisfy the 
target customers ’  needs and wants. It is clear, however, 
from research both in the pharmaceutical industry 
and other businesses, that understanding customers ’  
behaviour is never simple. Customers may say one 
thing and do quite another and this is as true in 
pharmaceutical marketing as it is in the automotive 
industry. In this respect too, doctors who may indi-
cate their particular therapeutic desire in one disease 
or another, say one thing to the representative and do 
quite another. The pharmaceutical market is unique 
in that the end user of the product (i.e. the patient) 
for the most part leaves the choice of medicine to his 
or her physician. However, this pattern is changing. 

 Most individuals involved in specialist marketing 
activity still consider that the fi rst 6 months following 
the launch of a new product are the most important. 
The strategy surrounding the launch and its follow 
up is designed to maximise the early sales potential 
of the novel therapy and determines the balance 
between the risks of the product getting into the mar-
ketplace and how successful it will be commercially 
once it gets there. In some ways, the area of greatest 
potential is also the one of greatest risk and this is 
when a condition for which a biological target has 
been identifi ed has as yet no proven pharmaceutical 
product. 

 Much more commonly, developing a compound 
for a condition where therapeutic agents have been 
identifi ed and proof of concept studies completed, 
the product itself may achieve a smaller market share 
but the outcome in terms of acceptance may be of 
value to the company where that is introduced rela-
tively early to the market for that therapeutic fi eld. 
This may be particularly important in the emerging 
markets where unmet medical needs can still be iden-
tifi ed. This provides the medical marketing depart-
ment with the scope for improving the lives of 
patients who previously did not have access to exist-
ing medicines as well as the opportunity for fresh 
innovations in those markets where the science of the 
product and the biology of the disease can be matched 
to the patient. This has particular relevance on what 
has been described as the  ‘ pharmerging markets ’ , 
which in 2009 were China, Brazil, Russia, Turkey, 
India, Mexico and South Korea, which were perceived 
and indeed forecast as driving industry growth to 
2020  [4] . 

 The other area of strategic planning is the develop-
ment of so - called  ‘ me too ’  compounds where the 
target is well known and the compounds are already 
established. The new compound being considered 
offers similar indications, fewer contraindications or 
possibly a better safety profi le. On these particular 
characteristics, the new compound being considered 
may offer signifi cant advantages over those already in 
the market and it can be successful although it does 
require substantial input from the marketing depart-
ment. In such instances the medical marketeer may 
highlight improved pharmacokinetics, a greater 
degree of selectivity in the therapeutic area, improved 
tolerance or a marketing package that allows perhaps 
once a day instead of frequent oral administration. 

 The larger companies internationally may embark 
on one or all of the above strategies, depending upon 
the mix and therapeutic areas of the products that 
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that medicines often reduce or eliminate the need for 
more costly inpatient treatments and maintain the 
concept of ambulatory patient care. In the UK, the 
industry provides the nation ’ s medicines at an average 
cost of only 55p per person per day in 2010.   

 The defi nition of  ‘ the customer ’  is complex in the 
pharmaceutical market and it would be reasonable to 
assume that the physician who prescribes the medi-
cine is the customer. Commonly in the UK this is the 
GP. Nowadays, that prescriber does not operate in a 
vacuum and is heavily infl uenced by a number of 
external factors. In the UK, as the National Institute 
for Health and Clinical Excellence (NICE), the Scot-
tish Medicines Consortium (SMC) and the All Wales 
Medicines Strategy Group (AWMSG) are linked to 
recommended therapies in England, Scotland and 
Wales, respectively, prescribing practice outwith their 
remit or recommendation is not readily tolerated by 
local or regional formularies. Thus, the identity of the 
customer may sound elementary, particularly in the 
light of the assumption that it is the physician who 
prescribes the medicine as the customer to the phar-
maceutical business. In many emerging markets, 
however, this is not only the most diffi cult task but it 
is often not the case. It is recognised as companies 
expand their infl uence in the emerging markets that 
their concerns relate to the extension of access to 
medicines across a larger population. Thus, it is 
important to recognise that it may be better to build 
customer relationships from scratch or purchase the 

Indeed, with the advent of the internet, apart from 
specialised areas open only to a selective browser 
audience, such as the British Medical Association, 
doctors.net.uk and a variety of other limited specialty 
websites, the internet provides a non - regulated source 
of information, factually correct or otherwise, to the 
patient who has access to electronic datasets and 
surveys. Such changes in themselves produce not only 
an increasing awareness of the advantages and disad-
vantages of particular medicines and particular con-
ditions, but often unregulated insights into new 
medicines that may be entirely inappropriate for their 
particular needs. 

 Thus, the patient is increasingly more involved in 
the choice of medicines and the approach to his or 
her particular disease. This is especially true in the 
USA where the patient may in large part bear most 
of the cost of the prescribed drug. In Europe and in 
particular in the UK, the cost is partly or largely borne 
by the patient ’ s insurance or by the State. It is of inter-
est that in the UK the overall cost of the NHS is 
steadily rising ( £ 120 billion in 2008 – 2009; Figure 
 33.4 ), but as a percentage of total NHS costs the 
medicines bill remains remarkably constant despite 
growth year by year in the number of prescriptions 
issued (Figure  33.5 ). Indeed, more than 912 million 
prescriptions were dispensed in the UK in 2007 at an 
average cost of  £ 10.37 each. As the Association of the 
British Pharmaceutical Industry (ABPI) has indi-
cated, this represents remarkable value for money in 

Figure 33.4     Total National Health Service (NHS) and medicines expenditure in the UK, 1994 – 2009. ( ©  ABPI 2009 from the 

OHE Compendium of Health Statistics 2009, 20th edition, as reproduced on website  http://www.abpi.org.uk/industry - info/

knowledge - hub/ .  
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Figure 33.5     NHS and medicines expenditure per person in the UK, 1994 – 2009. ( ©  ABPI 2009 from the OHE Compendium 

of Health Statistics 2009, 20th edition, as reproduced on website  http://www.abpi.org.uk/industry - info/knowledge - hub/ .)  
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changes in the UK health care system, however, have 
altered some aspects of the relative importance of the 
GP as a customer. Reforms in the NHS, which have 
continued almost without cessation in the last decade 
or so (nine reorganisations in the past 10 years and 
ongoing in a major way as we go to print), and the 
increase of primary health care organisations have 
altered the GP ’ s role and in particular his or her pre-
scribing practice. Some GPs are affected more than 
others by these changes and it is important for any 
company to be aware of how GPs are reacting to the 
pressures put upon them by pricing policies. Most 
districts, areas and regions have some form of local 
formulary and it is diffi cult both for the hospital 
practitioner as well as the GP to prescribe medicines 
outwith that formulary prescription, especially since 
these are selected by a group of therapeutic experts 
within the region and based on national guidelines. 
Such restrictions may be a result of cost (i.e. the indi-
vidual cost of the product such as new anticancer 
agents or novel cardiovascular agents) or may have 
some aspects of therapeutic effi cacy unproven by 
current standards. In addition, in the UK there is still 
clear evidence of  ‘ postcode prescribing ’  and this limits 
customer choice in a number of instances as to pre-
ferred therapies for particular target diseases. The 
other aspect of the introduction of new medicines 
which may have high therapeutic benefi t and yet a 
degree of clinical risk, has been limited substantially 
in the last 5 years by the increasing bureaucracy sur-
rounding the regulation of R & D operations within 

expertise through local acquisitions and hence a clear 
knowledge of the customer base. As an example, in 
Brazil decision - making power is moving from the 
physician to the trade and this means that companies, 
regardless of size, are facing players more willing to 
choose among alternative therapies and hence the 
importance of pitching value behind the brand. 

 All these stakeholders in the prescribing process 
will need to be considered in the company ’ s promo-
tional strategy. All have markedly different agendas 
that need to be addressed in the marketing plan. The 
relative importance of these customers clearly needs 
to be established and a number of questions that the 
medical marketeer needs to address includes the 
following.
    •      What do we wish to achieve and how do we wish 
to achieve that?  
   •      What are the customer ’ s needs, bearing in mind the 
customer may be cost limited?  
   •      What behavioural changes are we expecting either 
in the prescriber or in the customer?  
   •      How best can we deliver this message and what 
medium may be the most useful for doing so?    

 There is little doubt that hospital specialists, at least 
in the UK, still have an important infl uence in pre-
scribing practice but it is clearly recognised that the 
majority of patients are treated in general practice. 
This is where the bulk of prescribing occurs. It is 
therefore not surprising that the GP remains the main 
focus for the industry and  ‘ targeting ’  the GP is often 
the key element in customer appreciation. Recent 
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mozyme patient website, for example, has already 
achieved strong results in market share. Of course, 
there are hazards here and the hazards relate to dif-
fi culties with the ABPI Code of Practice for the phar-
maceutical industry in the UK and the regulations 
surrounding drug use through the Food and Drug 
Administration (FDA) in the USA. However, by com-
bining knowledge from previous digital campaigns 
health care company e - marketing has an exciting 
future. 

 In summary, therefore, it would appear that with 
an increasingly digital customer base, health care 
professionals and patients who may be researching 
and discussing disease treatments, whether personal 
or related, no pharmaceutical or medical device 
company can afford to ignore the opportunities that 
e - marketing presents  [4] .  

Market research and 
market intelligence

 As in any business organisation, companies update 
their intelligence on prescribers and other stakehold-
ers via representatives both in general practice and in 
hospital medicine but this is only one piece of a wider 
collection of data on how the market is reacting. Not 
only is it important to know what prescribers are 
thinking and doing, but it is also important to track 
the competition. 

 Most companies will purchase a range of data sets 
from a variety of commercial companies who special-
ise in collecting and collating such data, both by indi-
vidual drug as well as by therapeutic area. Such 
sources of information are both wide and varied and 
include panels of GPs and specialists who record what 
they are prescribing and for what indication, to infor-
mation from wholesalers and pharmacists. A number 
of companies will also sponsor individual market 
research studies with questionnaires, face - to - face 
interviews with individual panels of doctors and, 
more frequently nowadays, focus groups of patients. 

 There is little doubt that to be successful in the 
pharmaceutical market it is vital that data on how the 
product is progressing and what the competition is 
doing is constantly updated and evaluated. Larger 
companies are particularly adept at collating such 
diverse sources of information and keeping track on 
what might be occurring in alternative fi elds. They 
are acutely aware of novel or rival products that 
impact on the market in that particular therapeutic 
area and recognise that a new surgical technique or 

the NHS. This limits the ability of pharmaceutical 
companies, and marketing departments in particular, 
to initiate proof of concept studies (phase II), proof 
of effi cacy and safety studies (phase III) or marketing 
studies in the wider as well as applied phases of drug 
development and in support of a market authorisa-
tion (phase IV). 

 Most companies have therefore developed data-
bases that are constantly updated by the sales repre-
sentatives as they come in contact with customers 
whether in hospital or in general practice or indeed 
now more commonly in the local pharmacy. It is 
absolutely critical that the company builds relation-
ships with all the stakeholders in the prescribing 
process and keeps updating the information. Such 
detailed knowledge of what customers are doing and 
saying is important to the staff at headquarters as they 
track and evaluate sales and promotional strategies 
not only in increasing prescribing practice but also 
increasing sales returns and therefore company profi t. 
It is vital that promotional campaigns are targeted 
accurately and resources are not wasted. 

 The importance of the customer profi le in target-
ing the marketing need towards either the introduc-
tion of or the development of a product within a 
particular market segment has already been men-
tioned. A powerful new tool in this area relates to 
internet usage and in many areas such usage has 
become a fundamental part of how both physicians 
and patients consider their health care choices. 
Indeed, internet penetration continues to increase at 
signifi cant rates, even in well - served markets such as 
Europe and the USA. Thus, according to a recent 
internet world statistics survey, internet penetration 
rates have exceeded 78% of the North American and 
58% of the European populations and these same 
markets have shown swift adoption of Smart phone 
and tablet technologies. Under these circumstances, 
although pharmaceutical and medical device compa-
nies have taken an understandably more cautious 
approach to digital strategies in the past, in more 
recent times, and particularly in the last 2 – 3 years, it 
is clear that business models are changing to incor-
porate digital channels as a central marketing tool 
and not just as an add - on strategy. Thus, is it true to 
say at present, pharmaceutical and medical device 
e - marketing generally lags behind commercial and 
retail, even in such markets as the USA where direct -
 to - consumer (DTC) advertising is allowed. Other 
approaches that relate to customer identifi cation 
include the use of patient networks for clinical trial 
recruitment and where the Roche – Genentech Pul-



Medical marketing 661

introduction of novel therapies, surprisingly most 
emerging markets are in far better fi nancial condition 
with thriving personal incomes, minimal entitlement 
exposures and lower levels of public debt. The fact is 
that large personal out of pocket segments, the equiv-
alent of over - the - counter (OTC) markets in this and 
other countries, is another factor that may soften the 
impact of patent losses on the ability of companies to 
price the market appropriately. 

 Thus, it is recognised that in the past considera-
tions of patent loss were clearly of less importance to 
companies 20 – 30 years ago, this is hardly the scene 
today. More recently, that gap has reduced and in 
some cases, depending on development time, may last 
for only a few months. Additionally, the growth of 
pharmaceutical R & D in countries where costs of such 
activities are notably lower, such as India and China, 
may highlight the fact that a competitive entrant may 
only be months behind a novel introduction. 

 The requirements for phase I and II programme 
developments are quite clear and are not markedly 
different where such countries have established clear 
patterns of regulatory requirements either through 
the Medicines and Healthcare products Regulatory 
Agency (MHRA) in the UK or the FDA in the USA. 
In the majority of countries worldwide safety of a 
new therapy as part of the phase I programme needs 
to be established at a very early stage. Therapeutic 
effi cacy in phase II development relates to a small 
group of patients with the targeted disease and this 
will also require early defi nition. In phase III, accurate 
competitor intelligence and a detailed knowledge of 
the drugs used are required and need to be built into 
the clinical plan as part of the risk – benefi t equation 
prior to the fi nancial commitment of the company. 

 In many therapeutic areas there is increasing har-
monisation between countries in the use of major 
drugs, and this is particularly true of the Western 
world including the USA and Canada, the European 
Union including the UK, and Japan. It is also impor-
tant to recognise that one particular product for one 
reason or another may dominate that market. The 
decision at this point relates to whether, medically 
speaking, such a competitor product should be 
included in the phase III programme or whether that 
should be recognised as a question in the phase IV 
programme and the wider marketing of the product 
post - launch. In an ideal world, particularly as related 
to the market researcher, data should be available for 
comparing a new product against the leading com-
petitor in the major markets at the time of launch. It 
is common, however, that fi nancial or time pressures 

new medical device or new therapy may be intro-
duced which completely alters the way in which a 
disease is managed. This is even more signifi cant 
when that is endorsed by one of the advisory panels 
in the UK such as NICE and the SMC. 

 It is clear that one of the most critical times when 
accurate competitor intelligence is needed is when a 
company is considering developing a new product or 
device. With the development time of around 10 – 12 
years for the former and 5 – 7 years for the latter, as 
much information as possible needs to be gathered 
about competitor activity before any such decision is 
made to commit to the development of a new 
product. This is even more important in any discus-
sion on emerging markets and although the list of 
pharmerging markets noted as China, Brazil, Russia, 
Turkey, India, Mexico and South Korea had all been 
recognised of importance over the past 5 years, it is 
quite clear that among the other marketing drivers to 
industry growth to 2020, the International Medical 
Statistics (IMS) has recognised and expanded this list 
to a total of 17 countries whose growth rate in medi-
cine sales over the next 3 years will comprise about 
50% of global market expansion. Indeed, as the IMS 
predicts, the pharmerging 17 will match the size of 
Europe and Japan combined, adding $140 billion of 
incremental sales, with China occupying a class by 
itself and replacing Japan as the world ’ s second 
biggest market for drugs after the USA by 2016. Thus, 
although concern must clearly relate to the UK and 
European markets with the complexities of health 
care advice, advisory body regulatory requirements 
and increasingly complex governmental legislation, 
the rising levels of health care access in emerging 
markets and of funding in these areas as well as the 
changing mix of generic and innovative products are 
clearly contributing to market realignment and 
market expansion. Allied to this are increasing con-
cerns that patents are expiring at an accelerated rate 
without a compensating fl ow of new innovations, 
thus allowing cheaper generics to expand their reach 
in the USA and Europe. Thus, market research and 
market intelligence, although largely geared to mature 
markets in the USA, Europe and Japan, are clearly of 
importance to the pharmerging countries and will 
provide a rich opportunity for marketing initiatives 
both of established and novel products, through dis-
tributive sales forces which may be locally rather than 
centrally based. 

 Another factor that affects market trends is that as 
prices in Europe contract sharply as a result of high 
government defi cits and increasing constraints on the 
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ceutical companies strive for in their promotional 
activity so if suffi ciently novel such fi nancial infor-
mation may well spill over into the general media. 
This public relations media campaign early in the 
development of a compound is valuable in creating 
awareness of the product and creating demand from 
physicians but needs careful and thoughtful manage-
ment. This is especially important these days with 
the development and expansion of e - marketing both 
for therapeutic and for diagnostic products. Where 
these are introduced to emerging markets then the 
accuracy of information, the completeness of the data 
and the importance of understanding can all be 
emphasised in a DTC electronic package. Clinical 
trial publications and their dissemination, not only 
in the scientifi c community but to those within 
the marketing arena, will also be part of a public 
relations campaign to increase awareness of the 
product and its potential benefi ts both to patient and 
prescriber. 

 Often, at the time of launch, symposia will be 
organised to increase the exposure of a new therapeu-
tic agent or diagnostic to prescribers. One common 
approach is to arrange company - sponsored symposia 
as satellites to regional or international medical meet-
ings at which large numbers of specialists within the 
target therapeutic area will be invited to attend. It is 
particularly important, more especially in the last few 
years, that such symposia are of a high scientifi c 
standard if they are to attract the interest of physi-
cians and avoid the criticism, often quite appropriate, 
of being solely promotional. These sentiments are 
clearly set out in Clause 9 of the ABPI Code of Prac-
tice (Prescription Medicines Code of Practice Author-
ity) in which high standards, the format, suitability 
and use of promotional material, as well as reproduc-
tions of offi cial documents, must be properly and 
appropriately displayed and supplied. It is empha-
sised that extremes of format, size or cost of promo-
tional material must be avoided. Thus, although the 
emphasis of the ABPI quite properly is for integrity 
and propriety in the pharmaceutical industry, it is 
quite clear that a number of academics and academic 
institutions may themselves be guilty or compliant 
with outside infl uences in the promotion of particu-
lar products for material benefi t, either for themselves 
personally or for the institution that they represent. 
Thus, it could be argued that although the ABPI quite 
rightly and properly regulates the pharmaceutical 
industry through an established code of practice 
dating back to 1993, equally there would be benefi t 
to universities, academic institutions and individuals 

may limit the scope of the phase III programme, and 
in this case the phase IV study will be needed to fi ll 
the gaps. One other slightly disturbing feature in 
some emerging markets may be that the degree of 
regulation for new drug innovation and for some of 
the phase II, phase III and even phase IV programmes, 
may not be as rigorous as in more regulated coun-
tries. This has substantial implications not only for 
the safety of the drug, but also for the selection and 
safety of patients who might consume the drug as 
part of either a clinical trial or a wider international 
study where supervision may be less committed.  

Promotion 

 It is now commonplace for marketing to become 
involved early in the development of a compound 
and often and, much more usually now, in early R & D. 
One of the areas that we have considered in pharma-
ceutical R & D also involves the research base and 
development work of novel diagnostics or screening 
compounds in the defi nition and management of 
discreet disease entities. Here too, early marketing 
involvement is commonplace and the medical prac-
titioner or medical scientist is likely to be involved in 
the design, management and execution of diagnostic 
studies as he or she would be in similar activities for 
a novel therapeutic. One of the earliest elements in a 
promotional campaign is a public relations pro-
gramme. Often this is foreign territory for the medical 
marketeer, and certainly for the medic joining the 
industry this will be altogether unknown. This is a 
skilled process and very often involves close integra-
tion between the marketing department of the 
company, senior management and in - house special-
ists. The alternative for smaller companies is to bring 
in specialist promotional personnel with an interest 
in pharmaceutical or diagnostic products. Once a 
product is under clinical development this can be 
announced to the fi nancial press and fi nancial ana-
lysts at a time that is appropriate to the benefi t and 
shareholder value of the company. Companies clearly 
have obligations to their shareholders and to the 
fi nancial markets to disclose information that may 
have an effect on the share price and hence return to 
the shareholders. Such analysts ’  briefi ngs, therefore, 
have a dual role of informing the fi nancial commu-
nity about drugs or drug opportunities under devel-
opment but also raising their profi le to a wider 
audience often beyond the ordinary reach of such 
a company. Novelty is something that all pharma-
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by an increasing number of specialists as being wholly 
company - focused and product - based rather than as 
independent messengers of the safety and effi cacy of 
their product. This is perhaps a further refl ection of 
the cynicism affecting much of today ’ s society in the 
search for increasing safety, widening therapeutic effi -
cacy and absence of adverse affects for the preferred 
prescription at a cheaper price. Additionally, it should 
be recognised that e - messaging, texts and other forms 
of selective electronic communication can provide 
quite sophisticated mechanisms for product informa-
tion. Thus, using forms of tablet - based information 
may provide ready access, not only to the prescribing 
characteristics of the particular therapy, but also the 
background information, relevant references, key 
opinion leader or focus group outcomes for any par-
ticular therapy. Electronic or digital approaches are 
becoming increasingly common and this not only in 
the sophisticated Western markets, but also in the 
emerging markets, particularly Brazil, Russia, India 
and China.  

Medical information

 A key element to consider when discussing the 
increasing awareness of a product is the use of the 
company medical information department. It is quite 
clear that this is not and must not become a promo-
tional element in the marketing sense, but rather the 
provision of accurate and up - to - date scientifi c data 
about the company ’ s products for an interested 
observer or potential prescriber. This can be valuable 
in establishing and maintaining not only the com-
pany ’ s image, but its integrity and honesty in provid-
ing a sensible and practical return to an interested 
request for information. There is little doubt that if a 
company is known by prescribers as providing an 
excellent and responsive scientifi c service then its 
image and reputation amongst the prescribing frater-
nity, let alone the interested patient, will be enhanced. 
A strong positive company image can only be of 
assistance to the company ’ s representatives when 
dealing with customers face - to - face, more particu-
larly in the light of increasing competition in any one 
therapeutic area. Thus, medical information depart-
ments, particularly amongst the larger companies, 
have a clear and defi ned responsibility in ensuring 
that the information supplied to their sales repre-
sentatives on indications, contraindications, mode 
of action and safety profi les of the products that 
they are detailing, is accurate and up - to - date. It 

who could be subject to a similar code of conduct 
regulating their personal, emotional and/or fi nancial 
involvement in any such promotional material. 

 The launch date of the product is a critical time 
for the individual company and plans need to be in 
place for journal advertising and detailing of the 
product to doctors by sales representatives. This 
simply emphasises that the customer base of pharma-
ceuticals and diagnostics is complex and the needs of 
individual customers, whether prescriber or patient, 
clearly differ. For many GPs and specialists, informa-
tion about the product will be via advertising, repre-
sentative detailing and mailings, whereas for NHS 
staff, such as those working in health authorities or 
primary health care organisations s, the information 
will need to be more focused on cost and effectiveness 
as well as improved service provision. Disease aware-
ness programmes may be developed where appropri-
ate in illustrating the value of the new product to that 
disease entity. 

 In the UK, however, the main customer remains 
the physician. Hospital specialists in the UK will 
readily start to prescribe a new product if they are 
convinced of its safety and effi cacy, provided it is for 
use in their own specialty. It is clear also they are 
much less ready to try a new compound if it is outside 
their area of expertise. Many examples exist today 
whereby individual specialists in cardiology, gastro-
enterology and rheumatology develop their own 
focus for preferred prescriptions in their own thera-
peutic areas. Those physicians become powerful 
infl uences on their GP colleagues, and also the local 
pharmacist and prescribing nurse practitioner. 

 Another important and increasingly infl uential 
part of prescribing practice in the UK is the local 
pharmacist, who may be subject to calls, prescribing 
information and marketing materials provided by 
pharmaceutical companies. Thus, where customers, 
or in this case patients, ask for advice, the pharmacist 
may be infl uenced by the most recent visit of the 
district representative of a particular company or 
even by additional attractive elements that the phar-
maceutical company may provide as part of their 
pharmacy - based services. 

 GPs, by the variety and very nature of their job, 
may initiate new drug therapies in many therapeutic 
areas. In the past, detailing by company representa-
tives has been a signifi cant factor in infl uencing pre-
scribing behaviour and the information delivered by 
the representatives is seen to be valuable by both hos-
pital specialists and GPs. This is changing, however, 
and the training of these representatives may be seen 
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 ‘ brand ’ . Like other marketing segments, the creation 
of a strong brand image is fundamental to advertising 
and this is as true for pharmaceuticals as it is for other 
sectors in the marketplace. Marketing is concerned 
with perception and a successful brand will be per-
ceived by the consumer as having not only unique 
benefi ts that meet their needs but specifi c advantages 
that address the issues for which they have concern. 
In this instance, perception is reality and the brand 
image aims to create a reality relevant to the indi-
vidual and his or her needs. 

 The brand image starts at the launch of the product 
and continues to patent expiry. The marketeer aims 
to maximise brand loyalty, devising indications for 
expansion of that brand, considering fi xed dose com-
binations of the product and the possible future 
investment in generics as part of the overall company 
strategy. The regulatory and legal strategy of brand 
management is critical to brand continuation and 
this, together with pricing strategy and a possible 
switch to OTC marketing, may enable the continua-
tion of the brand not only in the parent home market 
but in markets abroad. A number of companies have 
investigated the concept of divestiture which involves 
a clear - cut company decision based on cutting pro-
motional and research expense, then selling the 
product or licensing its manufacture elsewhere once 
the brand faces direct competition from generics. 
Thus, brand profi ling is a key component for the 
future of the product, for which the marketeer has 
responsibility, and is retained through the life of the 
product to patent expiry or divestiture. 

 Prescribers form opinions and beliefs about drugs 
or devices in the same way as they do about consumer 
products. Shaping their perceptions and the creation 
of a strong positive brand image is key to differentiat-
ing the product from the competition and to fi nancial 
success in the marketplace. In pharmaceuticals, not 
only is the message of suitability and effi cacy a key 
feature of branding, but the overriding element of 
safety is central to new product introduction. In the 
product ’ s life cycle, new indications and formulations 
will be developed and introduced to strengthen brand 
image, to further differentiate the product and to 
expand the marketplace whereby cash sales mark 
success and hence promotion of the company and its 
products.  

Patients 

 One of the features of prescription medicines in the 
UK and the European Community is that companies 

should be presented in a sensible, meaningful and 
understandable way in an e - marketing format readily 
available to the sales representatives and easily acces-
sible by their target audience, whether it be hospital 
specialist, GP, nurse prescriber or pharmacist. Clearly, 
these are areas that will grow and for which respon-
sibility for both accuracy and presentation rests with 
the medical information department. 

 Most companies, especially larger ones, have devel-
oped a worldwide computerised system to ensure that 
the information given out in response to enquiries is 
both comprehensive and as up - to - date as possible. 
The data that support the individual statements in the 
Summary of Product Characteristics (SPC) are col-
lated and fully referenced and are used to respond to 
enquiries from prescribers and pharmacists. Such a 
search often requires considerable expertise and one 
of the major advantages of pharmaceutical databases 
is that once validated, usually by headquarters staff, 
the search  –  both the question and the answer  –  are 
made available to other subsidiaries throughout 
the world. This avoids duplication of effort, ensures 
consistency of response across the globe and high-
lights the need for sharing of information across the 
company as a whole. Linking medical information 
departments around the world and sharing such 
information with all parties ensures that the company 
delivers a consistent message, which limits the oppor-
tunities for tailoring messages and responses to indi-
vidual markets. This process has been facilitated by the 
increasing links and fl exible bonds that exist between 
European and USA markets. In particular, the Euro-
pean regulatory system, the MHRA and the FDA may 
exchange data sets for particular indications for par-
ticular drugs, making them available from one party to 
another so the commonality of uses of the product can 
be established globally as opposed to nationally. This 
is a further attribute to both safety and conformity of 
product across all areas of disease management.  

Brands 

 Pharmaceutical drug marketing is in many ways 
similar to the marketing and branding of other prod-
ucts such as in the automobile industry, the cosmetics 
industry and in a wide range of consumer products. 
Thus, when a new drug comes to the market it will 
have a series of properties outlined in the SPC includ-
ing indications, dosage form, precautions, frequency 
of dosing, contraindications and side effect profi le. 
All these features establish the product in the market-
place (i.e. its position) and form the basis of the 
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where  ‘ the doctor knows best ’  is changing. The gov-
ernment is encouraging patients not only to have a 
more active role in their disease management, but, 
where appropriate, to initiate a physician contact and 
active intervention based on increasing patient 
knowledge and awareness. Such encouragement 
towards increased patient awareness may be facili-
tated in the years ahead through the increasing use of 
electronic communication with updated reliable and 
secure medication usage provided via the GP to indi-
vidual patients with the target disease. 

 The concept of the  ‘ expert patient ’  and hence the 
development of patient focus groups is evolving so 
companies need to be aware of these changes and the 
challenges as well as the opportunities that they pose. 
Patients may demand the best, not being satisfi ed 
with second best, as for instance in postcode prescrib-
ing, and this can only be a valuable asset to companies 
introducing innovative new therapies.  

Franchises 

 The pharmaceutical market is not one specifi c market 
but is composed of a number of highly diverse seg-
ments. Some companies dominate specifi c fi elds and 
the ability to build and defend their franchise within 
a market segment seems to be one of the more impor-
tant features that singles out successful companies. 
Companies thus develop established relationships 
with their customers, whether they be hospital spe-
cialists, GPs, primary health care organisations or 
even patient focus groups, and through these rela-
tionships build a powerful marketing platform. Such 
relationships also lead to a group of infl uential local 
or international opinion leaders, usually physicians 
or surgeons who are recognised as pre - eminent in 
their fi eld (i.e. the key opinion leaders). Such indi-
viduals will work on the early development trials for 
a new product and will act as experts at the time of 
regulatory approval, publish papers on the product 
and discuss its use and its place in management of the 
disease in question at global conferences and infl uen-
tial technical and board meetings. 

 The long - term relationships that form the basis of 
a franchise activity mean that physicians in a particu-
lar fi eld tend to work with a selected group of com-
panies that they both know and trust. Competition 
in these areas is fi erce and small companies often have 
diffi culty in establishing their product. However, 
to the benefi t of smaller companies, large pharmaceu-
tical companies with an established franchise and 

are not allowed to communicate directly with 
patients. However, in the USA and New Zealand DTC 
advertising of prescription medicines by indication is 
allowed. In the UK, the ABPI Code of Practice has 
been relaxed a little in this area in recent years and 
companies can now communicate in a very limited 
fashion with the general public. Clause 22.1 of the 
current Code of Practice (ABPI 2011)  [2]  still prohib-
its the advertising of prescription only medicines to 
the public. This prohibition does not apply to vacci-
nation campaigns carried out by companies and 
approved by the health minister. However, the pro-
motion of medicines to the public for self - medication 
purposes is covered by the consumer code of the 
Proprietary Association of Great Britain. In addition, 
methods of sale of medicines through pharmacies 
are also covered by the code of ethics for pharmacists 
and pharmacy technicians of the Royal Pharmaceuti-
cal Society of Great Britain. These limitations are 
strictly applied although companies may comment 
on rival medicines in comparative studies, subject 
to regulatory review, in the medical, nursing and 
allied press, 

 Over the past few years, there have been a number 
of quite novel initiatives by companies in the UK to 
carry out disease awareness programmes whereby 
patients or potential patients are advised about the 
need to recognise symptoms and/or signs in them-
selves as an early index of potential disease. Prescrip-
tion medicines are explicitly not mentioned in that 
context. 

 More recently, there has been a debate at a Euro-
pean level over relaxing DTC advertising in a limited 
number of therapeutic areas. Although discussion 
continues at present, there are no specifi c plans to 
allow even limited DTC within the EU. However, one 
of the areas in which a number of changes have taken 
place relates to OTC prescriptions of reduced doses 
of patent expired products as part of requested self -
 medication overseen by a pharmacist. This may be of 
cash benefi t to the company when market returns are 
diminishing. There may also be some benefi t to the 
health care system in the next few years as part of 
the cost curtailment involving government - funded 
services. 

 In an earlier government White Paper (Saving 
Lives: Our Healthier Nation), published in July 1999 
 [5] , plans were set out for an Expert Patients pro-
gramme. The concept being that patients, especially 
those with a chronic illness such as diabetes, chronic 
obstructive lung disease or hypertension, might be 
best placed to cope with their disease. The emphasis 
here is that the former doctor – patient relationship 
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entry and penetration of the market can be very swift, 
particularly for those medicines developed substan-
tially more cheaply in India or elsewhere. In other 
European countries there tends to be much more 
brand loyalty and the penetration of the market by 
generic competitors is on the whole much slower.  

Demonstrating the  benefi ts 
of medicine

 The clinical trial programme of a new compound 
through phases I, II and III is well documented and 
highly regulated and is concerned with the collection 
of suffi cient data to pass the regulatory hurdles 
regarding both safety and effi cacy. In the present 
climate, however, the possession of a product licence 
demonstrating effi cacy may not be enough to satisfy 
the market in terms of clinical effectiveness. In many 
markets, including the UK by way of NICE, and other 
similar bodies such as the SMC and in Wales through 
the AWMSG, safety and clinical effectiveness must be 
demonstrated. Such effectiveness must then be bal-
anced against associated costs and net patient bene-
fi ts. The UK, as part of its current and ongoing NHS 
reform, has emphasised not only the safety and cost 
effectiveness of medicines to be used within the pre-
scribing practice of the NHS, but also the need to 
contain costs of prescribed medicines. It is under-
standable therefore that the growth of OTC products, 
and in the USA DTC products, are increasing sub-
stantially and the evidence suggests very clearly that 
this trend is likely to continue in the years ahead. 

 There is little doubt that publications in a variety 
of journals and papers demonstrating clinical effi cacy 
as well as safety are important to keep the product in 
the physician ’ s mind. In some therapeutic areas, such 
as cardiovascular disease and cancer therapy, it may 
be possible to add some cost and quality of life ques-
tions on to the phase III programme without making 
the study too complex. However, phase III pro-
grammes are extensive in terms of numbers of 
patients exposed to novel therapy and expensive in 
terms of numbers of patients required by many regu-
latory agencies. In other therapeutic areas such an 
approach in phase III may not be feasible. This is 
particularly true for conditions where the endpoint 
in phase III is a surrogate for the endpoint of interest 
to physicians and payers as for example in hypercho-
lesterolaemia, diabetes or HIV infection. 

 Very often, outcome studies looking for a hard 
clinical endpoint, such as death, myocardial infarction 

facing patent expiry may wish to licence particular 
compounds in its fi eld of expertise to maintain its 
market position. This has benefi ts for both parties. 

 In contrast to this, as one of the ways in which 
building and maintaining a franchise in any particu-
lar market, such as GlaxoSmithKline (GSK) and the 
asthma market, this may largely be achieved by the 
introduction of new compounds to market at regular 
intervals. It may also be associated with improved 
delivery technology. GSK were particularly adept in 
developing asthma prescriptions for drugs delivered 
to the lung via inhaler devices. Thus, investment in 
delivery technology meant that GSK maintained its 
market dominance long after the patents on certain 
products had expired. Device innovation is similarly 
not easy although shorter in terms of development 
pathway. The introduction of a new device delivery 
system requires all the skills of the marketing depart-
ment as well as the technical expertise which enables 
physicians and patients to become familiar and com-
fortable with the new system introducing the new 
therapy. Such a mix of product and delivery device 
has created signifi cant barriers to new entrants into 
the inhaler market. Similar examples can be identifi ed 
in the device and diagnostic fi elds in other areas of 
pharmaceutical medicine.  

Patent  expiry and generics

 The key feature for medical marketing is that all 
members of the team have a very early understanding 
of the limited life cycle of the pharmaceutical product 
under development and that, once the patent expires, 
generic competitors rapidly enter the market. There 
are a number of strategies that companies can adopt 
to try to extend patent life and these include such 
well - known phenomena as line extensions, reformu-
lations, combination products or switching to OTC 
sales. At present, in the USA and more recently in the 
European Union, a 6 - month extension of exclusivity 
may be granted if studies are performed demonstrat-
ing safety and effi cacy in a paediatric population. In 
the European Union the problem of off - label use in 
paediatrics has been well recognised by the Commis-
sion and has resulted in the introduction of new leg-
islation in 2006  [6] . 

 There are some instances where it is not possible 
to reformulate or develop combination products and 
the response in the marketplace to the loss of a patent 
can be dramatic. In the UK particularly and also to 
an increasing extent in the USA, generic competitor 
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reverse has proven to be the case. NICE is sometimes 
referred to as the fourth hurdle to a successful market 
launch of any new therapy. The NICE website 
( www.nice.org.uk ), where guidance on the elements 
and the timing of technology appraisal lies in the 
public domain, has opened companies to general and 
competitor scrutiny. There are few changes in the 
four main elements of a technology appraisal. A 
summary of these subsections is as follows.
1.     Introduction: 

(a)     epidemiology;  
(b)     development of the technology;  
(c)     problem defi nition.    

2.     Clinical effectiveness: 
(a)     inclusion and exclusion criteria for studies 
used in the submission;  
(b)     comparisons;  
(c)     clinical data.    

3.     Cost effectiveness: 
(a)     resource use and costs;  
(b)     discounting;  
(c)     dealing with uncertainty.    

4.     Wider implications of the technology for the NHS: 
(a)     budget impact;  
(b)     service impact;  
(c)     consideration of equity.      

 A large proportion of the technology appraisals so far 
performed by NICE on pharmaceuticals have been on 
products recently introduced into the marketplace 
and this has created diffi culties for manufacturers 
trying to answer the questions posed by the appraisal. 
For most compounds, as one would expect, at the 
time of launch it is very unlikely that outcome studies 
will have been completed to allow accurate cost -
 effectiveness calculations to be performed. The clear 
emphasis in phase III studies is on clinical effi cacy 
and safety to satisfy the regulatory requirements of 
the authorities. The only alternative that is reasonably 
open to manufacturers faced with a technology 
appraisal soon after launch is to base their cost -
 effectiveness argument on computer modelling or 
simulation. This is really not satisfactory and does not 
represent best clinical practice but under the circum-
stances is probably all that can be reasonably done at 
present. 

 More recent criticism of NICE in relation particu-
larly to outcome studies has resulted in more sophis-
ticated computer modelling techniques looking at 
end stage disease on the basis of effi cacy models on 
the particular medication against a known target 
disease. This is still not entirely satisfactory and part 
of the answer has been to look at broadly based phase 

or gastrointestinal bleed, are long, very large and very 
expensive to perform. Such trials in the Western world 
may dominate the R & D budget over a number of 
years until the trial is concluded and the results ana-
lysed. Currently, the R & D budget expenditure in the 
UK alone is approaching  £ 4 billion per annum. More 
recently, the advent of China, India and Eastern block 
countries, among others, to the range of clinical trial 
centres with adequate patient numbers at a much 
reduced cost have proved attractive to Western - based 
pharmaceutical companies. Where the result of the 
trial, carefully controlled, well monitored and well 
documented, is positive they can transform a prod-
uct ’ s performance very signifi cantly in the market-
place. Such studies require a thorough understanding 
of the background pharmacology of the product, a 
relevant and close appraisal of its toxicology as well as 
a reasoned appraisal of its short as well as medium 
and long - term benefi ts in the management of disease 
for a patient population of suffi ciently sizable propor-
tions. Thus, in modern terms, effective single drug or 
drug combination therapy in the reduction of raised 
levels of blood pressure in 20% of the adult popula-
tion in the Western world is a continuing magnet for 
drug companies seeking innovative approaches for 
the control of blood pressure both in adults and chil-
dren. Likewise, the explosion in diabetes mellitus, 
both type 1 and particularly type 2, illustrating a 
Western lifestyle which seems geared to excess, has 
stimulated substantial endeavour in the pharmaceuti-
cal industry towards medication that not only reduces 
appetite and hence weight, but also leads to improved 
glycaemic control in those patients.  

National Institute for Health and 
Clinical Excellence 

 NICE as a special health authority was introduced by 
the government in 1999. Its objectives were to encour-
age the faster uptake of effective new medicines, to 
promote more equitable access to treatments and to 
improve the use of NHS resources. This seemed a 
sensible and straightforward initiative by government 
and, in one sense, industry welcomed the introduc-
tion of NICE. It was well recognised that the UK had 
one of the slowest uptakes of innovative therapies 
across Europe despite having one of the highest rates 
of cancer and heart disease and the social irritant of 
 ‘ postcode ’  prescribing. It is quite clear, however, that 
in practice, far from encouraging faster uptake of 
medicines as the government had suggested, the 
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advisory role within the medical marketing sphere. It 
is always useful to write a review of the proven and 
potential benefi ts of the new product not only for the 
education of internal staff and possibly for publica-
tion, but also for the enlightenment of more senior 
staff who may be further from the grass roots. 

 In addition, it is useful for those involved to make 
a list of the likely questions, which include aspects of 
phase I and II activities of the drug in question, more 
particularly mechanism of action, safety profi le and 
its use in paediatric and elderly populations, and its 
benefi ts or otherwise in pregnancy. Standard answers 
to these questions (and these are the ones that are 
frequently asked of physicians in the medical market-
ing team) will also cover those same questions asked 
by pharmacists, government agency physicians and 
research workers. This will represent the best cur-
rently available scientifi c and medical opinion which 
for the company will provide a response that is con-
sistent throughout the world. Similarly, an approach 
to a novel diagnostic attracts the same kind of atten-
tion to detail from both the medical and scientifi c 
advisor in the marketing team. Comparison with 
 ‘ best in fi eld ’  or accepted best practice is important 
and studies that relate to diagnostic or screening or 
prognostic values of the product are essential, 
whereby not only the design and execution of rele-
vant studies from a particular population are carried 
out, but these studies are agreed by the experts in that 
disease area. 

 It is important that the messages given to all sec-
tions of the company are clear, consistent and at an 
appropriate level to satisfy their particular needs, 
whether at the board room, at research symposia or 
at the grass roots in making an impact on the cus-
tomer base of the company. Patient information 
sheets relating to the essential information which 
the patient will want to know is the forerunner to the 
patient information leafl et. Here it is vital that the 
information is consistent with the product licence, 
obtains legal approval of the proposed literature from 
the corporate legal department in writing and is rel-
evant to the prescribing perspective of the patient 
under treatment. 

 In many ways this is the most diffi cult of areas for 
the medical marketeer to oversee in that if there is any 
possibility for misinterpretation of any promotional 
statement then the piece requires further review. Such 
examples include a safety assessment or defi nition of 
net benefi t by the relevant internal consultant. Sub-
stantial pressure may be put upon such an individual 

III and IV studies commonly in China, India and 
parts of the former Soviet Union. In such countries 
where large numbers of patients with the relevant 
target disease may not have been fully evaluated or 
indeed treated for their condition they are therefore 
available to benefi t from a novel therapy with out-
comes at least confi rmed by proof of concept studies 
in phase II. 

 Having said that, NICE as a UK (strictly English) 
institution has provided a model whereby many 
countries already have or are establishing similar 
bodies which are designed to evaluate the clinical 
effectiveness of new compounds. The comments 
applicable to the UK on the need for outcome studies 
as part of phase III programmes extend both the cash 
spend and the timing of such programmes beyond 
anything currently in practice. 

 Once an appraisal of a compound has been 
announced and the timetable for the appraisal made 
public by NICE, the SMC in Scotland or the AWMSG 
in Wales, there is a clear tendency for prescribers and 
NHS bodies to adopt a  ‘ wait and see ’  approach to the 
prescribing of the new medicine, regardless of its 
apparent effi cacy. This process, which may take any-
thing up to 2 years on average, depending on country, 
is a substantial hurdle to the initiation and use of the 
product until such time as the appraisal process and 
its recommendations are considered. It is equally 
clear that even though NICE, or indeed any other of 
the equivalent bodies in Scotland or in Wales, may 
have approved the use of the product in a particular 
disease area, there is no guarantee that local pharma-
cies, formulary boards or hospital consultants or 
others may choose to use the product despite its 
approved profi le from an independent body. This is 
extraordinarily frustrating not only for companies as 
a whole, but marketing executives and their teams in 
particular.  

Conclusions

 For many physicians and non - clinical scientists 
working in the pharmaceutical industry, especially in 
early clinical development, their involvement with 
marketing and marketing - related activities will be 
peripheral to their roles in the company. Nonetheless, 
for those in medical advisory roles, particularly those 
involved in strategic planning and medical market-
ing, this knowledge base will be central. There are a 
number of key areas that are useful to those in an 
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conduct of the medical advisor and his or her under-
standing of the Hypocratic Oath.  
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to release the documentation but when in doubt he 
or she should prepare adequate supporting docu-
mentation and make a formal response, with copies 
to appropriate colleagues including legal counsel. 

 The publication of any promotional material that 
is not in accordance with the marketing authorisation 
is inconsistent with labelling approved by the regula-
tory authority and/or is misleading, whether deliber-
ate or otherwise, is a criminal offence under the 
Medicines Act (1968). This carries fi nancial penalties, 
which may be substantial, and the potential for a 
custodial sentence. This is already part of case law. 
Conviction of such an offence usually leads to erasure 
from the Medical Register by the General Medical 
Council and an end to that individual ’ s place within 
medical practice. 

 Thus, it is readily seen that medical marketing is a 
balancing act between the commercial aspects of the 
company and its cash fl ow and the responsibility of 
the individual doctor as the voice of practical ethics 
for the company. However, in the fi nal analysis, it is 
the responsibility of the medical advisor to the 
company to ensure that the interests of and benefi t to 
the health of the patient take precedence over all 
other considerations. This will ensure the proper 
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34   Information and  p romotion  
Charles De Wet 
  Boehringer Ingelheim Ltd, Bracknell, UK       

       Knowledge is of two kinds. We know a subject 
ourselves, or we know where we can fi nd infor-
mation upon it. 

 Samuel Johnson (1709 – 1784)    

Introduction 

 The demand for relevant, quality information has 
increased in line with rapidly changing technology 
and the internet has become the most referenced 
source of health information. Health care communi-
cations have also been expeditiously changing, with 
the removal of barriers to channels, disciplines and 
marketing, often under the proactive guidance from 
regulators and authorities. At the same time, there has 
been much debate about the promotional practice of 
the pharmaceutical industry, culminating in the UK 
in the publication in 2005 of the Health Committee 
report on the  ‘ Infl uence of the Pharmaceutical Indus-
try ’   [1] , urging greater restraint in the promotion of 
medicines, a sentiment refl ected by calls for greater 
state and federal regulation of statements made by 
pharmaceutical manufacturers in the USA  [2] . The 
2011 revision of the Code of Practice for the Pharma-
ceutical Industry of the Prescription Medicines Code 
of Practice Authority  [3]  incorporate a number of 
changes to address these concerns: however, the rela-
tionship of industry with its different stakeholders 
and the way it conducts its business remain a key 
discussion point on the pharmaco - political agenda. 

 These developments have contributed to issues of 
information and promotion becoming a key focus for 
the pharmaceutical physician. On the one hand, there 

is an obligation to provide accurate, factual, up - to -
 date data to enable the appropriate use of medicines; 
on the other hand, the obligation is to consult and 
interpret the databases to guide brand teams to 
develop promotional strategies and materials that 
will maximise the competitive position in the mar-
ketplace, while ensuring that the materials are appro-
priate, factual, fair and capable of substantiation. 
Publication of misleading promotional material is a 
criminal offence and the Health Select Committee 
has recommended punishment befi tting such a 
status. 

 Communication by pharmaceutical companies to 
physicians, and the provision of information on and 
promotion of their medicinal products, devices and 
diagnostic agents, have a unique status in both legal 
and business terms. Over and above the general leg-
islation and controls on advertising applying to other 
industries, claims made by pharmaceutical compa-
nies about their products are subjected to additional 
legislation. Because medicines have the potential for 
harmful as well as benefi cial effects and can cause 
serious problems if not used safely, they cannot be 
regarded as ordinary general commodities. To ensure 
high standards, responsibility and the safe use of 
medicines, there are specifi c regulations that strictly 
control the advertising and promotion of medicinal 
products in the UK. Central to this is that the regula-
tions prohibit advertising of prescription only medi-
cines (POM) to the public. 

 The control of medicines advertising in the UK is 
based on a long established system of self - regulation 
supported by the statutory role of the Medicines and 
Healthcare products Regulatory Agency (MHRA) 
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 ‘ advertisement ’ . Most provisions, however, have been 
superseded by subsequent legislation, and recently it 
has been announced that the Medicines Act 1968 will 
be reviewed in full over the next few years.     

The Medicines Regulations

 Existing controls on advertising under the Medicines 
Act 1968  [4]  have been reinforced by the Advertising 
and Monitoring Regulations  [5,6] , which came into 
force on 9 August 1994 implementing Title VIII of the 
European Codifi ed Directive  [11] . Together with 
their subsequent amendments, these two Medicines 
Regulations constitute the most relevant UK legisla-
tion relating to the advertising of medicines. The 
Medicines (Advertising) Regulations 1994  [5]  set out 
the provisions for advertising, including homeo-
pathic medicines and advertising directed at the 
public and at health professionals. The Advertising 
Regulations also make provisions for breaches that 
constitute a criminal offence and specify the penalties 
for such breaches. The Medicines (Monitoring of 
Advertising) Regulations 1994  [6]  specify procedures 
whereby advertisements considered to be inconsist-
ent with the Advertising Regulations can be acted 
upon, either by reference to an administrative body 
established for that purpose or by civil proceedings. 

 The provisions of Advertising Regulations  [5]  
apply to  ‘ advertisements ’  for  ‘ relevant medicinal 
products ’ . However, not all provisions apply to all 
advertisements or all relevant medicinal products. 
Separate sections apply, for example, to advertise-
ments to health professionals, the public and regis-
tered homeopathic medicines. 

 Regulation 2 (2) of the Advertising Regulations  [5] , 
referencing Section 92 of the Medicines Act  [4]  and 
underpinned by the defi nition of  ‘ advertising of 
medicinal products ’  of Article 86 of the Codifi ed 
Directive  [11] , defi nes  ‘ advertisement ’  as activities 
 ‘ designed to promote the prescription, supply, sale or 
consumption of medicinal products ’ . The defi nition 
applied to medicines is not limited to specifi c media. 
It covers both written and spoken words intended to 
encourage prescription or supply of medicines by 
health professionals and use by the general public, in 
published journals, magazines and newspapers, pho-
tographs, fi lm, broadcast material, video, electronic 
transmissions and on the internet. The Regulations 
do not include all materials, and reference material, 
factual informative statements or announcements, 
trade catalogues and price lists are excluded provided 

acting on behalf of government health ministers. The 
Medicines Act 1968  [4]  and its detailed regulations 
 [5,6]  comprehensively control the manufacture, 
packaging, labelling, distribution and promotion of 
medicines for both human and animal use, setting 
out standards of conduct to which pharmaceutical 
companies should abide. These standards are detailed 
in the British Code of Advertising Practice  [7] , the 
Code of Practice for Advertising Over - the - Counter 
(OTC) Medicines, incorporating the Proprietary 
Association of Great Britain (PAGB) Consumer Code 
and the PAGB Professional Code  [8] , the Independ-
ent Television Commission Code of Advertising 
Standards and Practice  [9] , the Radio Authority Code 
of Advertising Standards and Practice and Pro-
gramme  [10]  and the Association of the British Phar-
maceutical Industry (ABPI) Code of Practice for the 
Pharmaceutical Industry  [3] . The ABPI Code of Prac-
tice refl ects and extends beyond the relevant UK law 
and aims to ensure that the promotion of medicines 
to health professionals and to administrative staff is 
carried out within a robust framework to support 
high quality patient care.  

Legislation,  controls and  codes and 
their enforcement 

Legal controls 
 Advertising of medicines in the UK is controlled by 
both statutory measures (with both criminal and civil 
sanctions) enforced by the MHRA, and self - regulatory 
measures (through Codes of Practice for the pharma-
ceutical industry) administered by trade associations. 
A combination of specifi c European and national leg-
islation underpins the advertising of medicines 
alongside the general legislation on advertising which 
includes medicines. 

European  legislation
 Title VIII of European Directive 2001/83/EC ( ‘ the 
Codifi ed Directive ’ )  [11]  as amended by Directive 
2004/27/EC  [12]  contains the relevant European leg-
islation on advertising.  

UK legislation
The Medicines Act 1968   The Medicines Act 1968  [4]  
came into effect on 1 September 1971 and introduced 
provision to control all matters and activities relating 
to medicinal products. Part VI of the Act (Promotion 
of Sales of Medicinal Products) deals specifi cally with 
the advertising of medicines; Section 92 defi nes 
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tion of this legislation. Guidance and specifi c infor-
mation on the advertising of medicinal products to 
health professionals and the general public is pub-
lished in the MHRA Guidance Note 23  ‘ The Blue 
Guide ’   [20] . The ABPI and PAGB Codes of Practice 
 [3]  also address the advertising of medicinal prod-
ucts, with provision for areas not included in the 
Regulations. 

Advertising,  control and  enforcement 
 The advertising of medicines is controlled partly by 
statutory measures enforced by the MHRA. The key 
function of the MHRA is to protect public health by 
promoting the safe use of medicines and ensuring 
that they are promoted honestly as to their benefi ts, 
uses and effects, and in compliance with current leg-
islation. As a licensing authority, the MHRA has a 
statutory duty on behalf of government ministers to 
consider all breaches of the Medicines Act and Regu-
lations. To ensure compliance with the legislation, the 
MHRA conducts a number of activities:
    •      checking compliance with the law prior to publica-
tion (vetting) in defi ned circumstances;  
   •      monitoring of published advertising materials;  
   •      handling complaints about advertising; and  
   •      enforcement in relation to materials not compliant 
with the Regulations.       

Vetting 

 The MHRA has statutory powers under the Monitor-
ing Regulations to require companies to submit 
advertising material before use for vetting. In imple-
menting recommendations by the Health Select 
Committee ’ s Report  [1] , the MHRA has committed 
to vet newly licensed products subject to intensive 
monitoring and all new active substances. Vetting 
may also be required with product reclassifi cation, 
such as from POM to P (i.e. from being available on 
prescription only to being available in a pharmacy 
without prescription, under the pharmacist ’ s supervi-
sion) or where previous advertising for a product has 
breached the Regulations. Normally, the vetting 
period is no longer than 6 months.  

Monitoring of published
advertising material

 The MHRA ’ s Advertising Standards Unit routinely 
scrutinises medical journals, magazines and other 

that they do not make a product claim. The product 
labelling and package leafl et, which complies fully 
with the requirements of Statutory Instrument (SI) 
1994/3144  [13]  and Title V of European Directive 
2001/83/EC  [11] , would also fall outside of the defi ni-
tion of  ‘ advertisement ’ . 

 Regulation 2 (1) of the Advertising Regulations  [5]  
defi nes a  ‘ relevant medicinal product ’  broadly as a 
substance that either claims to or has the actual func-
tion of, treating or preventing disease in human 
beings or animals. The vast majority of medicines are 
included and, since October 2005, also traditional 
herbal medicinal products with a  ‘ traditional herbal 
registration ’  under the traditional herbal medicinal 
Registration Scheme  [14] . Unlicensed herbal medi-
cines and homeopathic medicines covered by prod -
uct licences of right usually fall outside of the 
defi nition. 

 The Regulations require an advertisement to 
comply with the particulars listed in the Summary of 
Product Characteristics (SPC); encourage rational 
use by presenting the medicine objectively and 
without exaggerating its qualities; and not to be mis-
leading  [5] . They prohibit the advertising of unli-
censed medicines (except provision of relevant 
factual information on novel medicines or methods 
of administration to health authorities, trust hospital 
budget holders and public advisory bodies)  [5] . 
Advertising materials for traditional herbal medicinal 
products have to include the statement  ‘ Traditional 
herbal medicinal product for use in    . . .    exclusively 
based upon long - standing use as a traditional remedy ’ . 
Moreover, in advertising registered homeopathic 
medicines, information on the product labelling 
only may be used with no mention of a specifi c indi-
cation  [15] .  

Other relevant legislation

 Consumer advertising generally (excluding medi-
cines) is regulated by the Trade Descriptions Act 1968 
and supporting Regulations  [16] , in particular the 
Control of Misleading Advertisements 1988 (SI 
1988/915)  [17] . The Offi ce of Fair Trading and the 
Advertising Standards Authority (ASA) administer 
this legislation on behalf of the Department of Trade 
and Industry. Broadcast advertising (including medi-
cines) is regulated by the Broadcasting Acts of 1990 
and 1996  [18]  and the more recent Communications 
Act 2003  [19] . The ASA on behalf of the Offi ce of 
Communications is responsible for the administra-
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keting authorisation holder. It is also entitled to take 
an injunction in the courts either as part of its inves-
tigation of a complaint or of its own volition. Com-
panies may make written representations to the 
non - statutory Independent Review Body in defence 
against a proposed determination of breach. The 
Independent Review Body ’ s view has to be taken into 
consideration by the MHRA in their assessment. The 
MHRA ’ s fi nal decision closes the case, subject only to 
any judicial review of the decision before the courts 
or any criminal prosecution. 

 Importantly, any breach of the provisions of the 
Advertising Regulations, Regulation 23, is a criminal 
offence that could result in a fi ne and/or imprison-
ment for generally up to 2 years. Similarly, failure to 
comply with any requirement enforced by a notice 
served under the Monitoring Regulations is a crimi-
nal offence with a similar penalty. Civil sanctions, 
such as requiring publication of a corrective state-
ment, can also be applied. 

Self-regulation
 Promotion or advertising for prescription and con-
sumer medicines remains principally controlled 
through the self - regulatory codes established and 
operated by the pharmaceutical industry. Specifi cally, 
these are the ABPI Code of Practice for the Pharma-
ceutical Industry  [3]  and the Code of Practice for 
Advertising OTC Medicines, incorporating the PAGB 
Consumer and Professional Codes  [8] . 

 The ABPI Code of Practice  [3]  has strong support 
from the industry with all companies employing con-
siderable resources to ensure compliance of their 
activities. A condition of ABPI membership is to 
abide by the Code in both the spirit and letter. Addi-
tional to over 75 ABPI member companies that are 
responsible for the supply of more than 80% of medi-
cines to the National Health Service (NHS), over 60 
non - member companies have also given formal 
agreement to accept the jurisdiction of the Prescrip-
tions Medicines Code of Practice Authority (PMCPA). 
Complaints made against companies under the Code 
are regarded as serious both by the companies and 
the industry as a whole. Sanctions are applied against 
companies ruled in breach of the Code. 

ABPI Code of Practice 
 The fi rst Code of Practice, the  ‘ Code for the Sales 
Promotion Practice for Medical Specialities ’  was pub-
lished in October 1958 by the ABPI. Despite this fi rst 
Code being only two pages long (compared to 63 
pages of the edition published in 2011), it took just 

types of media, including the internet, for non -
 compliance with the Advertising Regulations. Mar-
keting authorisation holders are contacted for 
clarifi cation where there is doubt or the complaints 
procedure is initiated where there is cause for concern.  

Handling of complaints

 Promotion or advertising of medicines in both POM 
and OTC health care sectors is controlled principally 
through the pharmaceutical industry ’ s self - regulatory 
codes. However, the MHRA is required to investigate 
the complaint where a complaint has not been dealt 
with in a satisfactory manner within a reasonable 
time - frame by the designated self - regulatory body, or 
where a complaint has been made to the MHRA 
directly. The MHRA generally investigates all com-
plaints received but may refer to a self - regulatory 
body where an initial investigation has found no 
breach of the legislation but a potential breach of an 
ABPI Code of Practice  [3] . At its discretion, and with 
the agreement of the complainant, other cases may 
also be referred. 

 Where a complaint about a broadcast advertise-
ment is received by both the MHRA and the ASA, or 
by the ASA alone, it is the responsibility of the ASA 
to investigate the complaint. Accelerated action is 
taken where there is a serious risk to public health. 
Generally, the MHRA endeavours to complete an 
investigation within 30 days. The decision is com-
municated to the complainant and the advertiser, and 
the outcome is published on the MHRA ’ s website. 
The MHRA occasionally issues a statement about a 
specifi c case to highlight concerns and provide guid-
ance on good practice; it may also request or compel 
the issue of a corrective statement by the advertiser.  

Enforcement 

 The Monitoring Regulations  [6]  set out the statutory 
powers available to the MHRA. The MHRA can and 
will resort to formal procedures, such as issuing 
notices during case investigation, enforcement action 
or prosecution, if it considers there to be a public 
health justifi cation. However, in most cases, it is 
expected that companies will collaborate with the 
MHRA to resolve potential breaches. The MHRA can 
serve a  ‘ minded to ’  notice upon any person responsi-
ble for the issue or publication of an advertisement, 
although such action is usually taken against the mar-
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Public disclosure of fees paid to consultants for serv-
ices rendered, except for research and development 
work, including clinical trial work, is required for all 
payments made in 2012 and every calendar year 
thereafter. Contracts or agreements entered into with 
consultants from the 1 May 2011 onwards need to 
refl ect this requirement. Similarly, the fi nancial details 
of sponsorship of UK health professionals and appro-
priate administrative staff to attend meetings organ-
ised by third parties in 2012 and each calendar year 
thereafter need to be made available publicly. 

 Joint working between the pharmaceutical indus-
try and the NHS is also defi ned in more detail in the 
2011 Code and all joint working projects starting on 
or after 1 May 2011 or ongoing on that date need to 
have an executive summary of the joint working 
agreement made public. All materials relating to joint 
working requires certifi cation. 

 While the 2008 Code encouraged the summary 
details and results of non - interventional studies of 
marketed medicines to be published, this has become 
a compulsory requirement in the 2011 Code. 

 Changes to the 2011 Code defi ning the relationship 
between industry and patient organisations more 
clearly as well as the obligations of industry with 
regard to the transparency of these relationships, 
tightening the supply of samples and the control 
thereof, as well as amendments to the constitution of 
the PMCPA to allow incorporation of changes man-
dated by the EFPIA Code, will be refl ected in the 2012 
Code of Practice. 

 While the industry has a legitimate right to promote 
medicines to health professionals, the ABPI Code of 
Practice aims to ensure that it is done within a robust 
framework to support high quality patient care, in a 
responsible, effi cient and professional manner. 
Indeed, standards for the conduct and training of 
company staff are defi ned by the Code. The Code 
applies to the promotion of medicines to members of 
the UK health professions and to appropriate admin-
istrative staff. Promotion of an OTC medicine to 
health professionals (if designed to encourage doctors 
to prescribe the medicine) and advertisements to 
pharmacists for medicines other than OTC medicines 
also come within the scope of the Code. Code compli-
ance is not limited to the UK but also applies to pro-
motion at meetings for UK health professionals and 
administrative staff held outside the UK, and when 
such individuals attend international meetings 
outside the UK. Promotional material distributed at 
an international meeting outside the UK also needs to 

12 days for the fi rst complaint to be received. The 
Code has since been reviewed and updated 
regularly. 

 The three most recent updates deserve special 
mention. The revised Code of January 2006  [21]  rec-
ommended a radical overhaul of how the industry 
regulated its own marketing and promotion to 
address some of the concerns of the Health Select 
Committee report  [1] . The July 2008 Code  [22]  con-
fi rmed the process of ongoing review and improve-
ment in establishing a system of self - regulation that 
could be seen as robust and effective by the public. It 
also incorporated the latest revision of the European 
Federation of Pharmaceutical Industries and Associa-
tions (EFPIA) Code of Practice on the Promotion of 
Medicine (2004)  [23] , which became effective from 
January 2000, as well as the EFPIA Code of Practice 
on Relationships between the Pharmaceutical Indus-
try and Patient Organisations  [24] . Further impor-
tant changes were introduced in the 2011 Code with 
regard to certifi cation, items for patients and promo-
tional aids, declaration of sponsorship and fees to 
health professionals, disclosure of support to patient 
organisations, Joint Working, Outcome Agreements 
and Patient Access Schemes, as well as non -
 interventional studies. 

 The change in certifi cation requirements allows 
UK registered pharmacists from 2011 onwards to 
certify promotional material in lieu of a medical 
practitioner. Items provided to health care profes-
sionals for forwarding to patients are also required to 
be part of a formal patient support programme and 
need to be certifi ed in advance. The 2011 Code also 
brought an end to the traditional forms of promo-
tional aid, such as coffee mugs, stationary and calen-
dars and also prohibits the supply of items such as 
tongue depressors, surgical gloves and the like to be 
distributed for use in the clinic. The only items that 
the 2011 Code allow to be provided to health care 
professionals are notebooks, pens and pencils, with a 
total cost per individual not exceeding  £ 6.00 (exclud-
ing VAT) at bona fi de meetings only, provided that 
these do not bear the name of a medicine or any 
information about the medicine, and are not distrib-
uted by representatives when calling upon health 
professionals. 

 The 2011 Code also requires the monetary value of 
support ( £ 250 per project or more) provided to 
patient organisations to be publicly disclosed and that 
written agreements in respect of all signifi cant activi-
ties or ongoing relationships need to be in place. 
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Enforcement of the  ABPI Code of Practice 
 The Code requires each company to appoint a senior 
employee responsible for ensuring that the company 
is adherent to its provisions. Names of signatories 
have to be submitted to the MHRA and to the 
PMCPA. Unless other formal arrangements are made, 
this person is assumed to be the company ’ s managing 
director or chief executive or equivalent. Signatories 
take personal responsibility for the material they 
authorise and, under the law, may be held accounta-
ble. One of the two signatories must be a registered 
medical practitioner (or, where a product is for dental 
use only, a registered medical practitioner or dentist) 
or a UK registered pharmacist, and the other an 
appropriately qualifi ed person or senior offi cial of the 
company. 

 All promotional material (including arrangements 
for meetings outside the UK) must be examined. 
None can be issued until the fi nal form, to which no 
subsequent amendments can be made, has been 
accepted by two signatories. By certifying the mate-
rial, these signatories confi rm that the material is 
compliant with the requirements of the Code and 
relevant advertising regulations, is consistent with the 
marketing authorisation and the SPC, and is a fair 
and honest presentation of the facts about the medi-
cine. Materials still in use must be recertifi ed at inter-
vals of no more than 2 years to ensure continued 
adherence, and copies of certifi cates and the fi nal 
form of the material should be preserved for not less 
than 3 years after their fi nal use. 

 Similar to the pharmaceutical industry ’ s global 
agreements to disclose certain clinical trial data, oper-
ation of the Code is seen as a demonstration of the 
industry ’ s commitment to transparency. In 1993, the 
PMCPA was established to operate the Code for the 
pharmaceutical industry independent of the ABPI. 
Comprising a director, a secretary and a deputy sec-
retary, it is responsible for the provision of advice, 
guidance, conciliation and training on the Code, as 
well as for the complaints procedure. It is also respon-
sible for scrutinising journal advertising and moni-
toring meetings on a regular basis. 

 Complaints submitted under the rulings of the 
Code are considered fi rst by the Code of Practice 
Panel (CPP), which consists of the members of the 
PMCPA, acting with the assistance of independent 
expert advisors. Rulings are made on the basis that a 
complainant has to prove their complaint on the 
balance of probabilities. Both the complainant and 
the respondent company may appeal to the Code of 

comply with the local requirements of the regulatory 
body of the host country. 

 The Code defi nition of promotion is broad and 
encompasses any activity by a pharmaceutical 
company (or with the company ’ s authority) that pro-
motes the prescription, supply, sale or administration 
of its medicines. The Code also applies to some areas 
not related to promotion, including declaration of 
sponsorship, non - interventional studies, provision of 
medicines and samples, grants and fees for services, 
use of consultants and relations with patient organi-
sations. Moreover, joint working with health authori-
ties and trusts and the like, as well as activities 
designed to enlarge the market in defi ned therapeutic 
areas, such as disease awareness campaigns, need to 
be conducted in ways compatible with the Code. 

 The Code does not apply to the promotion of OTC 
medicines to health professionals when the object of 
the promotion is to encourage their purchase by 
members of the public. It also excludes replies made 
in response to individual enquiries or specifi c com-
munications from health professionals or appropriate 
administrative staff. Factual, accurate, informative 
announcements and references concerning licensed 
medicines are also excluded, provided they contain 
no product claims. Such information supplied to 
national public organisations, like the National Insti-
tute for Health and Clinical Excellence (NICE), the 
Scottish Medicines Consortium (SMC) or the All 
Wales Medicines Strategy Group (AWMSG), is also 
exempt. The SPC, European and UK public assess-
ment reports, labelling on medicines, and accompa-
nying package leafl ets are also excluded. 

 In summary, the principal requirements of the 
Code are that all promotion is in accordance with the 
product licence and the SPC. It must be accurate, 
balanced, fair, unambiguous and objective, and based 
on an up - to - date evaluation of all the evidence. It 
must not mislead either directly or by implication. All 
information, claims and complaints must be capable 
of substantiation, with such substantiation provided 
promptly on request. Promotion must never be dis-
guised. It must recognise the special value of medi-
cines, the professional standing of the recipients and 
the principles of good taste. Certain obligatory infor-
mation  –  the prescribing information  –  must be 
included in all promotions, with exemptions for 
abbreviated advertisements and some promotional 
aids. Requirements are discussed in more detail in 
 ‘ Marketing, advertising and promotion of prescrip-
tion medicines ’  (see later).  
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cases in the courts. Charges are based on the number 
of matters ruled in a case, which is determined by the 
PMCPA Director. Charges are fi xed at two levels, 
dependent on whether the fi nal case ruling is made 
by the CPP or, on appeal, by the CPAB. Charges are 
paid by either the company ruled in breach of the 
Code or the complainant (where the complainant is 
a pharmaceutical company) where there is a rule of 
no breach of the Code. Complainants from outside 
the industry are not required to pay any charge, 
regardless of outcome. 

 Perhaps unsurprisingly, the two largest sources of 
complaints are health professionals (mainly doctors 
and pharmacists) and the pharmaceutical companies 
themselves. However, criticisms of pharmaceutical 
advertising and/or promotional activities in the 
public domain, such as in the medical, pharmaceuti-
cal or lay press, or on radio or television, are also 
routinely taken up and dealt with as complaints under 
the Code. Additionally, the CPP and the CPAB can 
investigate possible breaches of the Code in promo-
tional material that has been brought before the CPP 
or CPAB but not raised by the complainant in the case. 

 Companies are encouraged to attempt to settle 
inter - company disputes over advertising material 
without recourse to the formal complaints procedure. 
Generally, before progressing a formal complaint, the 
PMCPA would like evidence of inter - company dia-
logue. Guidelines on proceeding with inter - company 
dialogue are available on the PMCPA website. Com-
panies may also seek the assistance of a conciliator to 
reach an agreement on inter - company differences 
about promotion and can contact the PCMPA Direc-
tor in regard of this. The PMCPA is also willing and 
able to provide informal guidance and advice on the 
requirements of the Code and, where appropriate, 
may seek the views of the CPAB.  

Complaints under the  ABPI Code of Practice 
and their management
 Even for the experienced pharmaceutical physician, it 
is diffi cult to anticipate how promotional material 
will be perceived by its recipients. What may be 
entirely clear to the  ‘ informed ’  approver of the mate-
rial may be entirely unclear to the  ‘ uninformed ’  or 
even  ‘ informed ’  recipient. If the recipient is misled, 
there is no defence against the material not being 
misleading. Therefore, it is essential for those who 
develop, review and approve promotional materials 
to stand back and think objectively about how a 
recipient could perceive what is said, written or 
visualised. 

Practice Appeal Board (CPAB) against the rulings 
made by the CPP. The CPAB is chaired by an inde-
pendent, legally qualifi ed chairman and includes rep-
resentatives of the pharmaceutical industry within 
the UK and independent members from outside the 
Industry. Details appear in the PMCPA ’ s  ‘ Constitu-
tion and Procedure ’ , which are published with the 
Code  [3] . 

 The CPAB has a dual role, acting over the activities 
of the CPP and the PMCPA, as an appeal body and 
as a supervisory body. All complaints received by the 
PMCPA and all rulings by the CPP are reported to 
the CPAB, thus ensuring independent scrutiny from 
outside the pharmaceutical industry of both the 
PMCPA ’ s and the CPP ’ s activities by the independent 
chairman and independent members of the CPAB. 
Where promotional material or activities are ruled in 
breach of the Code, the company concerned must 
cease to use the material or cease the activity in ques-
tion forthwith and provide a written undertaking to 
that effect. Reports on all cases under the Code are 
published, naming companies ruled in breach of the 
Code. These reports receive wide coverage, particu-
larly in the pharmaceutical press and occasionally 
reaching the lay press. 

 The CPAB may also require a company ruled in 
breach of the regulations to take steps to recover 
items distributed in connection with the promotion 
of a medicine. A variety of additional sanctions are 
available to the APBI Board of Management follow-
ing receipt of a report from the CPAB. The APBI 
Board of Management can reprimand a company and 
publish details of that reprimand. It can order the 
PMCPA to audit company procedures in relation to 
the Code and, following that audit, impose a require-
ment on a company to improve its procedures in 
relation to the Code. The ABPI Board of Management 
can also require a company to publish a corrective 
statement and, in extreme cases, suspend or expel 
members from the ABPI. With regard to a non -
 member company, the board can remove that 
company from the list of non - members that have 
agreed to comply with the Code, and then advise the 
MHRA that responsibility for that company will no 
longer be accepted under the Code. 

 In addition to the ABPI subscription, all members 
of the ABPI are required to pay an annual Code of 
Practice levy to assist in funding the PMCPA. Certain 
administrative charges, payable by both members and 
non - members of the ABPI, may also be levied by the 
PMCPA in relation to complaints under the Code. 
These charges are akin to the costs awarded in civil 
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ance Centre. The Consumer Code presents standards 
for the advertising of OTC medicines to the general 
public and the Professional Code controls advertising 
directed at persons qualifi ed to prescribe or supply 
medicines. The PAGB provides training programmes 
on its Advertising Codes, and its Complaints Com-
mittee will consider complaints, which can be referred 
to its Appeal Board. However, the PAGB does not 
vet advertising directed at professional or trade 
audiences. 

 The ASA is responsible for ensuring that all adver-
tising is honest and respectful. It administers the 
British Code of Advertising, Sales Promotion and 
Direct Marketing (the Committee of Advertising 
Practice Code)  [7] . Since November 2004, the ASA 
also assumed responsibility for radio and television 
advertisements in a co - regulatory partnership with 
Offi ce of Communications. The Health Food Manu-
facturers Association, a trade association operating 
on behalf of the industry, administers a Code of 
Advertising Practice covering the advertising of spe-
cialist health products to the public and to health care 
professionals  [25] . The British Dental Trade Associa-
tion, the body that represents manufacturers, whole-
salers and distributors of products and services to the 
dental profession, has a Code of Practice to ensure the 
highest quality of dental service  [26] . Additionally, a 
Code governing the promotion of medicines for use 
in animals is administered by the National Offi ce of 
Animal Health  [27] . 

 There are also a number of international codes, 
with which local codes usually have to be in line and 
incorporate their provisions. A list for reference only 
is provided below; the interested reader is referred to 
the full publications.
    •      International Federation of Pharmaceutical Manu-
facturers and Associations ’  Code of Pharmaceutical 
Marketing Practices  [28] .  
   •      EFPIA Code on the Promotion of Prescription -
 Only Medicines to, and Interactions with, Health 
Professionals  [23] .  
   •      EFPIA Code of Practice on Relationships between 
the Pharmaceutical Industry and Patient Organisa-
tions  [24] .  
   •      World Health Organization ’ s Ethical Criteria for 
Medicinal Drug Promotion  [29] .  
   •      International Pharmaceutical Congress Advisory 
Association ’ s Code of Conduct  [30] .    

 The detailed provisions provided in the available 
codes are to ensure that pharmaceutical companies 
operate in a responsible, ethical and professional 
manner. Measures should be taken by pharmaceutical 

 Typically, about half of complaints to the PMCPA 
relate to Code Clause 7:  ‘ Information, Claims and 
Comparisons ’  (Clauses 7.2 – 7.4, 7.10)  [3] , which 
addresses accuracy, balance, fairness, objectivity, lack 
of ambiguity and full representation of the total and 
up - to - date evidence. Comparisons must be carefully 
and appropriately presented, and information, claims 
and comparisons must be capable of substantiation. 

 The majority of the remaining complaints received 
by the PMCPA and the CPAB relate to hospitality, 
travel and meetings, to the promotion of unlicensed 
indications (i.e. not specifi ed in the product licence), 
the conduct of medical representatives and to not 
maintaining high standards. The highest judgement 
is on those involved with meetings and hospitality. A 
complaint in this regard could constitute a breach of 
Code Clause 2, bringing  ‘ Discredit to, and Reduction 
of Confi dence in, the Industry ’ . Sponsors and recipi-
ents can be guided by asking themselves  ‘ Would you 
and your company be willing to have these arrange-
ments generally known? ’  and  ‘ Does the educational 
content of the meeting outweigh the hospitality 
offered? ’  Prejudicing patient safety and/or public 
health, excessive hospitality, inducements to pre-
scribe, inadequate action leading to a breach of 
understanding, promotion prior to the grant of a 
marketing authorisation, conduct of company 
employees or agents that falls short of competent 
care, and multiple or cumulative breaches of a similar 
and serious nature in the same therapeutic area 
within a short period of time, are all likely to be in 
breach of Clause 2. Particular censure is reserved for 
a breach of Clause 2, including public reprimanding, 
suspension or expulsion from the ABPI, and publish-
ing of brief case details in the medical, pharmaceuti-
cal and nursing press.  

Other codes
 The system of self - regulation in the UK is under-
pinned by the statutory powers of the MHRA and 
supported by a number of regulatory bodies, the 
majority of which operate their own Codes of Prac-
tice. Second to the ABPI Code of Practice  [3] , the 
pharmaceutical physician will most commonly have 
to refer to the Code of Practice for Advertising OTC 
Medicines  [8] . The PAGB is the largest trade associa-
tion and self - regulatory body for the OTC medicines 
industry. The two PAGB Codes (Consumer Code and 
Professional Code) are drawn up in consultation with 
the MHRA, ASA, Committee of Advertising Practice, 
Offi ce of Communications, Broadcast Advertising 
Clearance Centre and the Radio Advertising Clear-
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motional terms and especially so when review of the 
data allows strong support of claims or advantages for 
a particular product. Marketing colleagues are best 
advised to consult the relevant medical adviser early 
in the process. When both meet with blank paper and 
a few ideas, discussions usually lead to good promo-
tional material that is ethically acceptable and non -
 contentious. The task is likely to be more arduous 
when the product manager prepares a draft, which 
the medical adviser is then expected to edit to meet 
the ABPI Code of Practice  [3] . 

 The creation of ethical promotional material is a 
team exercise, the key players being the product 
manager, the product physician, the scientifi c advisor 
and a colleague from the regulatory affairs depart-
ment. A competent review of the data relevant to the 
claims being made for the product, together with a 
reading for compliance with the product licence and 
the Code of Practice  [3] , are the minimum needs in 
the generation of material intended for promotional 
use. The fi nal document then has to be approved by 
the company ’ s senior executives, usually the medical 
director or senior medical colleagues and possibly the 
marketing director. The managing director is also 
involved since any breach of the Code of Practice 
 [3]  and/or Medicines Act 1968  [4]  and its Regula -
tions  [5,6]  will be notifi ed to the senior company 
executive. 

Methods of promotion 
Verbal  promotion 
 Verbal promotion is carried out by company sales 
representatives, who visit prescribing doctors at their 
surgeries or institutions and present information 
about the company ’ s medicinal products. Represent-
atives must take care to ensure that all aspects of their 
calls, such as frequency and duration, do not cause 
the doctor inconvenience, and that certainly no fee 
should be paid or offered for the interview. Usually 
with aid of printed or prepared material (see  ‘ Written, 
printed and documentary promotion ’ ), the repre-
sentative engages in a dialogue with the doctor 
regarding the attributes of the product, presenting 
any advantages and comparative data. The represent-
ative will also try to ascertain whether the doctor has 
patients for whom the medicine might be indicated, 
such as for those whose disease may be inadequately 
controlled by their current prescribed medication. In 
this case, if the physician can be persuaded to try the 
promoted medicine, and the treatment is at least as 
successful as the current prescription, then the physi-
cian may consider using the product the next time a 

companies to ensure that they comply with all appli-
cable codes, laws and regulations. This includes the 
national code of the host country where activities are 
planned or carried out outside the UK.    

Marketing,  advertising and 
promotion of  prescription  medicines

 Physicians working for, or under contract to, phar-
maceutical companies selling medicinal products 
including medicines, vaccines, medical or surgical 
devices and diagnostic agents, will fi nd themselves in 
an environment very different from their undergrad-
uate teaching, subsequent postgraduate training, and 
clinical or non - clinical practice. With reforms within 
the NHS, general practitioners and doctors in private 
practice are mindful of the importance of a business-
like or commercial approach to their practices. This 
aspect of pharmaceutical medicine may be diffi cult to 
comprehend on joining the industry as a medical 
adviser. Therefore, it is essential that the more expe-
rienced company physicians, such as the medical 
director or medically qualifi ed department heads, 
provide support, advice and training about these 
matters to physicians who are new to the medical 
department. 

 Sales and marketing departments within a company 
require service and support from the whole medical 
department as well as from individual physicians who 
are usually assigned to provide medical advice on 
specifi c products that are currently being promoted. 
The demand for that service is usually directly related 
to the need for the commercial success of that product 
or products in the medical market place. As trained 
professional advisers, pharmaceutical physicians can 
encourage and guide the methods used by marketing 
departments in bringing medicinal products to the 
attention of the prescribing physician. In providing a 
professional service, they may assist sales and market-
ing colleagues in maximising the benefi ts of the 
product when prescribed by clinicians for disease 
management. Once the subtlety of this medico -
 marketing interface is understood, pharmaceutical 
physicians come to realise that their ethical or profes-
sional instincts are not compromised. 

 Open dialogue is essential between medical and 
marketing departments so that areas of potential con-
tention or disagreement are discussed before actions 
are taken, costs are incurred and complaints are 
received. Indeed, marketing colleagues usually appre-
ciate good ideas that are medically acceptable in pro-
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representatives with comprehensive information 
regarding the company ’ s ethical medicinal products.  

Written,  printed and documentary promotion 
 Pharmaceutical companies typically employ the help 
of advertising and marketing, public relations and 
other specialist agencies to produce company promo-
tional literature, as well as their own marketing pro-
fessionals. All written, documentary and published 
promotional items are usually reviewed by the 
company medical advisers for conformity with the 
known data, the Code of Practice and relevant adver-
tising regulations. Written and published promo-
tional material must not be made available to 
prescribing doctors unless it has been certifi ed by two 
appropriate persons on behalf of the company, one 
of whom must be a pharmaceutical physician or a UK 
registered pharmacist. As the company and responsi-
ble medical signatory could be prosecuted for breach 
of the regulations, the importance of  ‘ getting it right ’  
cannot be underestimated. 

 Additionally, part of the pharmaceutical physi-
cian ’ s role is to ensure that the literary content is 
appropriate for the promotional purpose. This may 
be both time consuming and complex, and compa-
nies usually have standard operating procedures 
(SOPs) that cover the generation and approval of all 
ethical promotional material. These SOPs should be 
written by experienced colleagues who know the rel-
evant parts of the Medicines Act and the Code of 
Practice, in conjunction with those whose actions are 
governed by these rules to ensure that they  ‘ work ’ . 
They should then be approved by those who hold 
relevant positions of authority within the company, 
including the medical director. Such SOPs should also 
have the approval of the marketing and managing 
directors because procedures and performance are 
evaluated by the MHRA and the PMCPA. 

 In terms of promotional materials, written and 
published items constitute the majority of the phar-
maceutical physician ’ s workload because these are 
generally left with prescribing doctors as sources of 
information and reminders about the product. Such 
items vary from lengthy detail aids (presenting the 
product profi le), to abbreviated advertisements, 
simple  ‘ mailers ’  (promotional letters) and small items 
that can be used in day - to - day practice, such as 
dosing charts and pocket references to large adver-
tisements that appear in the medical press, or web 
pages on internet sites. For all items, there are both 
general and specifi c rules. For example, generally, 
prescribing information must form part of all 

patient with the same disease presents. A well - trained 
and well - informed representative can also discreetly 
and tactfully educate the doctor, because few doctors 
know about all medications or are able to read all the 
scientifi c literature. Equally, should the representative 
learn any information in relation to the product ’ s 
safety they must report it back to the company. 

 The pharmaceutical physician has an important 
role in the training of representatives, who are 
required to have full knowledge of the products they 
promote and maintain a high standard of ethical 
conduct in the manner in which they promote them. 
The ABPI requires of member companies that all 
medical representatives are professionally trained 
under their Code of Practice. In - house training on 
the Code is carried out by companies and by the 
PMCPA. Representatives must take the appropriate 
ABPI examination within their fi rst year of joining 
the company, and are required to pass within 2 years 
if they wish to continue in that employment. The 
pharmaceutical physician will generally be required 
to teach representatives suffi cient understanding of 
the diseases and their treatment, relevant to the com-
pany ’ s products. Additionally, their knowledge of 
product clinical data, and published and unpublished 
reports and articles, can be applied to teaching repre-
sentatives about the issues surrounding the product 
characteristics, which may arise in discussions with 
prescribing doctors. Importantly, representatives 
must learn the details of the product licence to avoid 
being in breach of the Medicines Act, its Regulations 
or the Code of Practice. In particular, they must be 
aware that claims or comparisons that are outside the 
terms of a product ’ s marketing authorisation or 
inconsistent with the SPC are unacceptable. 

 While the personal attributes and knowledge of 
medical representatives are fundamental in promot-
ing a product successfully, pharmaceutical physicians 
have an important role in informing, guiding and 
advising them so that their verbal promotion is 
appropriate. Content usually varies according to 
whether the recipient is a general practitioner or a 
hospital consultant or specialist. General practition-
ers tend to prefer clear messages about the possible 
advantages and disadvantages of particular products 
in conditions that are commonly treated in general 
practice. Hospital physicians or specialists who are 
familiar with the literature regarding key medicines 
in their speciality are likely to want a more sophisti-
cated discussion. Both increasingly wish to know the 
likely medication costs in relation to the benefi ts. 
Pharmaceutical physicians should therefore provide 



680 Chapter 34 

tice rules that information, claims and comparisons 
are accurate, balanced, fair, objective and unambigu-
ous, and refl ect the current data clearly. Moreover, 
they must be capable of substantiation, and such evi-
dence must be provided within 10 days of a request. 
The Code provides specifi c guidelines on the stand-
ards, presentation and wording of information, 
claims and comparisons, which may not be immedi-
ately realised by those producing the copy. In the 
event of materials found to be in breach of the Code, 
companies must ensure that they are quickly and 
entirely withdrawn from use. 

 Promotional material may only be distributed to 
health professionals and others with a need of or 
interest in such information. Additionally, there are 
restrictions on the volume of material distributed and 
the frequency with which it is sent. No more than 
eight mailings may be sent to a health professional in 
a year, although there is no limit to those reporting 
safety issues and price changes only.  

Audio-visual promotion 
 Audio - cassette, video recording, fi lm, digital video 
disc (DVD) and CD - ROM, as well as electronic and 
web - based materials, all provide means of promo-
tion. Clinicians, seeing it as a form of teaching, can 
be interviewed, and actors can be hired for the quality 
of their voices for introductions, link - pieces, voiceo-
vers and even the actual promotion. Audiovisual 
items are treated the same as more conventional 
forms of promotional material. Pharmaceutical phy-
sicians should review the complete script and then 
listen to the audio - tape, watch the fi lm or review the 
web pages to ensure that products have been pro-
moted in a balanced way, that rules have not been 
inadvertently breached and that the item has not been 
inappropriately edited or taken out of the context 
intended by the speaker. Invited clinical or scientifi c 
speakers should review and approve the use of their 
own text, and the fi nished item should then be certi-
fi ed according to company procedure. 

 Scientifi c congresses often attract television, radio 
or newspaper journalists interested in new medical 
discoveries or the fi nancial performance of compa-
nies. Pharmaceutical physicians must be cautious 
when being interviewed because what they say may 
be construed as promotion by a third party. Those 
likely to fi nd themselves in this position should be 
media trained to minimise the risk inherent in on -
 the - spot interviews. Companies may fi nd these mate-
rials useful from a promotional point of view but they 
should be assessed and formally approved before use. 

promotional material (excludes abbreviated adver-
tisements and promotional aids meeting specifi c 
requirements); more specifi cally, abbreviated adver-
tisements are largely restricted to journals and other 
professional publications intended for health profes-
sionals, and must be no larger than 420   cm 2  in size. It 
is therefore essential that pharmaceutical physicians 
understand and can apply these rules to avoid 
breaches of the Medicines Act or the Code of Practice. 
The PMCPA will readily provide training and guid-
ance with respect to promotional material. 

 Many pharmaceutical companies also publish 
newsletters on the proceedings of conferences, con-
gresses and their satellite symposia. These may provide 
information and commentary on clinical trials and 
other product data, using academic or clinical opinion, 
or interviews relevant to particular therapeutic areas. 
Such printed materials must also be reviewed for 
format, content and style according to SOPs governing 
the approval of ethical promotional material. Quota-
tions from the literature or personal communication 
must be reproduced exactly, although modifi cation is 
permitted to comply with the Code. Care is warranted 
that they represent the current views of the author or 
speaker and permissions must be gained. 

 Published data and company  ‘ data on fi le ’  provide 
the main references for printed promotional material. 
Pharmaceutical physicians must be able to under-
stand and interpret these data and then to advise on 
how those data may be incorporated into promo-
tional copy without loss of context or being open to 
misunderstanding or misleading. A claim or high-
lighted item may be perfectly clear to the writer but 
may be interpreted quite differently by the reader. 
There are practising physicians and pharmacists who 
take a particular interest in the way that pharmaceuti-
cal companies promote their products and in ensur-
ing that they obeys the rules  [31] . However, most 
physicians are fair - minded about promotion, and 
complaints are generally made by doctors who feel 
that companies are overstating their case or are taking 
unfair advantage. Pharmaceutical physicians must 
have an eye for these possibilities before distribution 
of the printed material. 

 Marketing and medical staff from competitor 
companies are also highly sensitive to promotional 
material from a competitor in an area where they may 
have a similar product. Complaints about printed or 
web - based promotional material and promotional 
behaviour are not infrequent between companies. 
Again, these are mainly with respect to  ‘ breaking the 
rules ’  or taking unfair advantage. The Code of Prac-
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sible and informative. Companies appear to have 
understood that the provision of information about 
medical conditions, medicinal treatments and the 
medicines themselves, to patients, relatives and carers, 
as well as health professionals, is necessary. It is also 
clear that the MHRA supports the supply of balanced 
informative material.  

Meetings and conferences 
 Many scientifi c meetings and congresses are fi nanced 
substantially by the pharmaceutical industry. The 
large international and national medical societies 
could not afford to hold their annual meetings 
without such company sponsorship. In return for this 
investment, promotional stands and exhibits are 
commonplace at conferences. Clinicians are expected 
and encouraged to visit a sponsor ’ s stand or exhibit, 
and companies make use of the opportunities pre-
sented for promotion of their medicinal products. 
Companies also sponsor individual attendance at 
such meetings, which provide a level of medical edu-
cation, debate and information that cannot readily 
occur elsewhere. Pharmaceutical physicians provide 
valuable support to marketing colleagues by being 
available to discuss product information and data. 
However, product licences may differ between coun-
tries and some products may not have marketing 
authorisation in all countries. Promotion of medi-
cines that do not have a valid marketing authorisa-
tion, and indications not covered by the marketing 
authorisation, are prohibited. Materials relating to 
products that do not hold UK marketing authorisa-
tions are permitted provided that a signifi cant 
number of attendees are from countries where the 
product is licensed. Accordingly, the regulatory status 
of a particular product should be made clear to clini-
cians at international congresses. To avoid being mis-
leading, promotional materials for a medication or 
indication that does not have marketing authorisa-
tion in the host country must be clearly labelled to 
that effect.  

Promotional  gifts and prizes
 Gifts to prescribers are not permitted. Competitions 
and quizzes, and the giving of prizes are unacceptable 
means of product promotion.  

Promotional  hospitality
 Hospitality provided for the health professions is 
open to misinterpretation. Complaints arise when 
hospitality is clearly inappropriate. Companies may 
provide hospitality to health professionals only in 

 Electronic data communications, including the tel-
ephone, text messages, e - mail, telemessages, facsimile 
and automated calling systems must not be used for 
promotional purposes, except with the prior permis-
sion of the recipient.  

The internet
 The internet represents one of the best methods of 
disseminating information, providing opportunities 
for commerce, advertising and promotion. Unsur-
prisingly, the pharmaceutical industry has taken 
advantage of these opportunities for its medicinal 
products. Regulatory authorities have also adjusted 
to include promotional materials available trans -
 nationally on the internet. The situation is not simple 
because of differing legislation between countries. 
Direct - to - customer advertising is not permitted in 
the European Union and many other countries, 
whereas it is permitted in the USA. The Food and 
Drug Administration is able to inspect and enforce 
for material that originates in the USA. Likewise, the 
UK authorities and codes of marketing practice have 
accommodated information on the internet by apply-
ing the same principles as with other materials. 

 The Medicines Act and Code of Practice prohibit 
the advertising of prescription medicines to the 
public (i.e. patients). To avoid public access to pro-
motional materials about POMs, the ABPI and 
MHRA recommend a company sponsored website be 
either access - limited or provide information for the 
public as well as promotion to health professionals, 
with the sections for each target audience clearly 
separated and the intended audience identifi ed. Addi-
tionally, each page should include a statement iden-
tifying the intended audience. The majority of 
pharmaceutical company websites contain SPCs, 
patient information leafl ets (PILs) and public assess-
ment reports (UK and European) and as their sources 
of information for their POM products. All informa-
tion must be presented in such a way as not to be 
promotional. It is hoped that adequate non -
 promotional information to the public discourages 
and dispels the need to access materials intended for 
health professionals. It is also intended that users 
avoid the need to access non - UK websites to obtain 
basic information. However, it should be clear to the 
user when they are leaving the company sponsored 
site, as sites linked via company sites are not neces-
sarily covered by the Code. 

 Reassuringly, while continuing to target their pro-
motion to health professionals, company promotion 
to patients and/or their relatives appears to be respon-
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personal research. Most companies have a budget for 
such sponsorship. Pharmaceutical industry manag-
ers, including the medical director, have to regard all 
sponsorship as a form of investment, which is there-
fore promotional whether it is of the company ’ s name 
or products. 

 As with other forms of promotion, sponsorship is 
regulated. Pharmaceutical companies may accede 
to sponsorship but they must ensure that their 
involvement is made clear from the outset. This 
includes company - sponsored meetings, and materi-
als relating to medicines and their uses. Interaction 
with patient or other user organisations requires a 
written agreement setting out what exactly has been 
agreed and all arrangements must comply with the 
Code of Practice. Clearly, companies should not 
infl uence text of an organisation ’ s materials to its 
benefi t or use their logo without permissions. 
Schemes, charities or activities are acceptable as long 
as there is no associated element of promotion of an 
individual product. 

 Details of grants and donations need to be made 
publicly available.  

Provision of  medicines and samples
 Companies frequently wish to assist prescribing 
health professionals in gaining familiarity with a 
medicinal product by making samples available. A 
sample must be marked  ‘ free medical sample  –  not 
for resale ’ , no larger than the smallest presentation on 
the UK market, and must not be a medicine that has 
been on the market for more than 10 years. Titration 
packs, free goods and bonus stock provided to phar-
macists and to others are not samples. Neither are 
 ‘ starter packs ’ , which are small packs provided to 
allow a doctor to initiate treatment in an emergency 
situation. While providing an opportunity for pro-
motion, samples must not be provided as an induce-
ment to prescribe and supply, nor for the sole purpose 
of treating patients. The Code of Practice lays down 
strict rules as to how and on what scale samples may 
be provided. In particular, samples may only be sup-
plied in response to a written request from a health 
professional, who must sign and date any request 
card. No more than four samples of a particular 
product may be given to a particular recipient in the 
course of a year (for medicines launched on the UK 
market prior to 1 January 2012, 10 samples per year 
may be provided until the 31 December 2013, in line 
with the 2011 Code of Practice). Samples may also 
not be provided for more than 2 years after the origi-
nal request for supply was fi rst received. Adequate 

association with meetings with an educational 
content. These range from small lunchtime presenta-
tions in a group practice through to large interna-
tional conferences. The medical or scientifi c purpose 
of a meeting where hospitality is offered or arranged 
should always be more important than the hospitality 
itself, which should always be secondary to the 
purpose. For example, meetings should not be mainly 
social or sporting occasions. Moreover, there is no 
obligation to provide hospitality or a benefi t in lieu 
of it. In determining whether hospitality is accepta-
ble, it is useful to consider if you or the company 
would be willing to have the arrangements generally 
known. In particular, the value of the hospitality 
should not exceed the value of the purpose of 
meeting. Thus, inappropriate costs of refreshments, 
accommodation and travel, inappropriate venues, 
and the presence of spouses when the company is 
paying constitute breaches of the Code of Practice. 
However, guests are often key opinion leaders and 
inappropriate hospitality towards poor quality would 
not be appreciated. 

 The fi nancial details of sponsorship of UK health 
professionals and appropriate administrative staff to 
attend meetings organised by third parties must be 
made publicly available. 

 Meetings and their associated hospitality organised 
by pharmaceutical companies at venues outside the 
UK are allowed but there must be logistical sense for 
doing so. For example, a venue abroad would be 
appropriate if most of the invitees are from other 
countries or the resources and/or expertise that is the 
meeting focus are located outside the UK. Such meet-
ings are bound by the rules governing those held 
within the UK. 

 Companies must have a written document setting 
out their policy on meetings and hospitality and the 
associated allowable expenditure and must ensure 
that all meetings are reviewed for compliance with 
the requirements of the Code.  

Sponsorship 
 Companies, through the marketing department, 
medical grants committees or the medical depart-
ment, are regularly approached for the provision of 
fi nancial and non - fi nancial support or sponsorship. 
Requests come from a range of sources, including 
charitable organisations, learned societies and indi-
viduals. They vary widely from fi nancial support for 
schemes and activities, travel to meetings, or a salary 
or research post, to non - fi nancial support such as 
supplies of drugs and other company products for 
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on its purpose, how it is supplied and how the public 
are made aware of the information. Thus, proactive 
information is supplied to the public with a direct 
request (e.g. booklets on diseases and/or medicines); 
reference information is intended to provide a current 
resource available on a website or by other means, 
and reactive information is supplied in response to 
and restricted to a specifi c request.  

Market  research 
 Market research is not exempt from following certain 
guidelines  [34]  and, like all promotional activities, 
may not be disguised promotion. However, unlike 
other materials, market research material need not 
reveal the name of the company but must state that 
it is sponsored by a pharmaceutical company.    

Information

 It is mandatory that pharmaceutical companies have 
a scientifi c service responsible for compiling and col-
lating all information about the medicines and prod-
ucts that they market. The ABPI Code of Practice  [3]  
states this clearly and, appreciating the need for high 
standards in the provision of information, the Phar-
maceutical Information Pharmacovigilance Associa-
tion has also published guidelines  [35] . Prescribers 
and qualifi ed suppliers of medicines must have access 
to neutral and objective information about the avail-
able products, and companies respect that an infor-
mation service department (more usually termed 
medical information department) is a necessary and 
responsible facility. These are usually staffed and 
managed by qualifi ed pharmacists, information sci-
entists, others with a life science degree and nurses. 
In general, they form part of the company ’ s medical 
department so that impartial advice is provided. Such 
a service can only be maintained if its staff are trained 
in information database searching and other aspects 
of information provision, and have access to the com-
pany ’ s product database and major external scientifi c 
literature databases. 

 The medical information department may also 
administer the company ’ s product safety database, 
handling spontaneously reported adverse events, 
which may or may not be related to the company ’ s 
product. It may also have access to the MHRA ’ s ano-
nymised database of reported adverse events and 
reactions. Usually, the medical information depart-
ment receives adverse drug reaction reports as part of 
general enquiries from health professionals or the 

company systems of control and accountability must 
be in place. 

 Like trials in phases I – III, phase IV (post -
 marketing) trials must be genuine investigations that 
are properly conducted and the data analysed. Guide-
lines for Company Sponsored Safety Assessment of 
Marketed Medicines state that such studies should 
not be undertaken for the purposes of promotion 
 [32] . Free drug must be made available for phase IV 
trials approved by the ethics committees. However, 
free drug may not be given to doctors solely for them 
to use as they think fi t.  

Services to doctors and  patients
 Provision of medical and educational goods and serv-
ices to doctors that will enhance patient care or 
benefi t the NHS is acceptable provided it is not con-
nected with promotion. For example, a DVD on the 
correct operating procedures for a nebuliser can be 
made available to patients through the doctor or 
asthma nurse by the manufacturers of a nebuliser 
solution. Similarly, funding practice nurses to be 
trained in the clinic management of hyperlipidaemia 
facilitates referral of the patient by the trained nurse 
to the doctor for treatment. 

 While such activities are provided by companies 
wishing to promote use of their products, provision 
of goods and services should neither be linked to the 
promotion of company products nor be dependent 
on their use. The General Medical Council  [33]  
advises doctors to act in the interest of their patients 
and not to accept anything that may affect or be seen 
to affect patient management. There are specifi c rules 
regarding the role of company medical and/or generic 
representatives and the provision of goods and serv-
ices  [3] . Depending on the nature of the goods and 
services provided and method of provision, compa-
nies should consider using other staff or appropri-
ately qualifi ed persons such as a sponsored registered 
nurse. Importantly, confi dential data must not be 
known to third parties. Thus, patient contact, either 
directly or by identifi cation from patient records, is 
not permitted by representatives. Only an appropri-
ately qualifi ed person may undertake activities relat-
ing to patient contact or identifi cation. 

 The Medicines Act and Code of Practice prohibit 
the advertising of prescription medicines to patients 
and their relatives or carers. Non - promotional infor-
mation may be disseminated if it is factual, balanced 
and does not encourage patients to ask health provid-
ers to prescribe a specifi c medication. Information to 
the public falls into one of three categories depending 
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It is often included in relevant published compendia, 
such as the eMC, or used as the source document for 
entries into other information sources, such as the 
BNF . Representatives must provide, or have available 
on request, a copy of the SPC for each medicine 
which they are to promote. 

 In October 2001, the European Commission pub-
lished its proposals to amend the body of legislation 
covering the EU medicines regulatory regime, includ-
ing the Council Directive 2001/83/EC  [11]  on the 
Community code relating to medicinal products for 
human use that details the required information for 
the SPC  [36] . The agreed texts were adopted by the 
Council and the European Parliament in March 2004 
as Council Directive 2004/27/EC (amending Direc-
tive 2001/83/EC on human medicines)  [12] . 

 The sequence of particulars on the SPC is listed in 
Box  34.1 , and is detailed further in Article 11 of 
Council Directive 2001/83/EC as amended  [12] . The 
European Commission ’ s guideline on the SPC  [37]  
provides advice on the presentation of information. 
Reference should also be made to Volume 3 of  The
Rules Governing Medicinal Products in the European 
Union   [38]  where there are further SPC guidelines 
on specifi c therapeutic areas and pharmacological 
groups.    

Patient  information leafl ets and  labelling
 While information on how a medicine should be used 
is provided to doctors and pharmacists in the SPC, 
information to patients or consumers is provided on 
the label and, unless all the necessary information can 
be included on the label, by PILs. Provision of good 
quality patient information is intended to supple-
ment but not replace advice given to patients by 
health professionals. Every patient should receive a 
PIL with each medicine regardless of whether these 
are purchased OTC, supplied on prescription or 
administered by a health professional. The PIL must 
be non - promotional and consistent with the SPC. 

 Council Directive 92/27/EEC  [39]  concerning the 
labelling of medicinal products for human use and 
package leafl ets came into force in March 1992. The 
Directive dealt fi rst with the particulars required 
either on the outer packaging or, if none, on the 
immediate packaging of the product and, secondly, 
with the contents of the PIL. Mock - ups of the packag-
ing and the draft PIL had to be submitted by the 
pharmaceutical company for approval by the regula-
tory authority when the marketing authorisation 
application was submitted or, if the product was 
already authorised, when advised by the regulatory 

public, or from the company ’ s medical representa-
tives. These are generally then passed on to the 
company drug safety or pharmacovigilance depart-
ment which more usually manages the company ’ s 
product safety database and the entry of spontane-
ously reported adverse events on to the MHRAs 
database. 

 Information regarding medicinal products is avail-
able to health professionals from a variety of external 
and independent sources, including the following:
    •       The Drug and Therapeutics Bulletin (DTB);
   •       The British National Formulary (BNF);
   •       The Electronic Medicines Compendium (eMC);
   •       The Monthly Index of Medical Specialities (MIMS);
   •       The Medicines Resource Centre (MeReC);
   •       The Medicines Information Service (MIS);
   •       The Medicines and Healthcare products Regulatory 
Agency (MHRA);
   •       The European Medicines Evaluation Agency (EMEA);
   •       The European Public Assessment Report (EPAR);  and  
   •       Bandolier .    

 The scale and scope of medicinal product informa-
tion generated and provided either mandatorily or on 
demand by pharmaceutical companies is as follows. 

Summary of product  characteristics 
 The SPC is one of the key documents that must be 
submitted in draft by pharmaceutical companies to 
the competent authority(ies), such as the MHRA, or 
the EMEA upon application for a marketing authori-
sation. The regulatory authority, i.e. competent 
authority(ies) or the EMEA, to which the SPC is sub-
mitted, is dependent on the regulatory procedure 
being followed. Once approved, it is the defi nitive 
statement between the competent authority(ies)/
EMEA and the company on the medicinal product 
and forms part of the marketing authorisation. The 
content can only be changed with the approval of the 
relevant competent authority(ies)/EMEA. 

 Additional to forming part of the marketing 
authorisation, the approved SPC is the basis of infor-
mation for health professionals on how to use the 
medicinal product safely and effectively. It is not in 
the SPC ’ s remit to give general advice on the treat-
ment of particular medical conditions but it should 
mention specifi c aspects of the treatment related to 
use of the medicinal product or its effects. 

 The SPC also sets the boundaries for promotion of 
the product; forms the basis of the prescribing infor-
mation and essential information that must appear 
on almost all promotional material; and is the source 
document for labelling, PILs and professional leafl ets. 
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 The requirements for labelling and PILs are now 
are set out in Title V of Council Directive 2001/83/
EC as amended by Council Directive 2004/27/EC 
 [11,12] . Pharmaceutical companies are required to 
submit labels and PILs, along with mock - ups, for 
assessment and approval by the relevant competent 
authority when the marketing authorisation applica-
tion is submitted. As for SPCs, changes to labels and 
PILs also require authority approval, although there 
are a few exemptions  [41] . This Directive also speci-
fi es that  ‘ The package leafl et shall refl ect the results of 
consultations with target patient groups ’ , often 
referred to as  ‘ user testing ’ . Additionally, the European 
guideline concerned with excipients used in the 
medicinal product formulation should be consulted 
when preparing labels and leafl ets  [42] . 

 Further guidance on how to produce good quality 
information for provision with medicines to meet 
patients ’  needs has been produced by the MHRA 
 [43] . The MHRA guidance and appendices are essen-
tial reading for those required to write PILs, who are 
generally members of the medical department. The 
guideline represents a determined effort to ensure 
that patients can understand the medical content of 
the information given. The sequence of particulars on 
the PIL is listed in Box  34.2 .   

 In addition to providing good quality PILs, clear 
labelling is crucial for the safe use of all medicines. 
The primary purpose of labelling is for the clear and 
unambiguous identifi cation of the product and con-
ditions for safe use. The MHRA has published guid-
ance for those involved in the design and layout of 
labelling to help improve the way in which informa-
tion is presented to health professionals and patients 
 [44] . The guidance helps to ensure that the critical 

authority. Statutory Instrument 1994/3144  [13]  
adopted the Council Directive 92/27/EEC  [39]  
into UK legislation from January 1995, providing 
comprehensive regulations regarding medicines for 
human use. 

 From January 1999, labelling and package leafl et 
information was also assessed according to the Euro-
pean Commission guideline on the readability of the 
label and package leafl et of medicinal products for 
human use  [40] . This conferred standards to the 
requirements of eligible, comprehensible and indeli-
ble information regarding content and format, and 
represents a determined effort to ensure that patients 
can understand the medical content of the informa-
tion given. 

BOX 34.1    The  s equence of  p articulars on the 

Summary of Product Characteristics ( SPC ) 

1     Name of the medicinal product  

2     Qualitative and quantitative composition  

3     Pharmaceutical form  

4     Clinical particulars 

4.1     Therapeutic indications  

4.2     Posology and method of administration  

4.3     Contraindications  

4.4     Special warnings and precautions for use  

4.5     Interaction with other medicinal products and 

other forms of interaction  

4.6     Pregnancy and lactation  

4.7     Effects on ability to drive and use machines  

4.8     Undesirable effects  

4.9     Overdose    

5     Pharmacological properties 

5.1     Pharmacodynamic properties  

5.2     Pharmacokinetic properties  

5.3     Preclinical safety data    

6     Pharmaceutical particulars 

6.1     List of excipients  

6.2     Incompatibilities  

6.3     Shelf life  

6.4     Special precautions for storage  

6.5     Nature and contents of container  

6.6     Special precautions for disposal    

7     Marketing authorisation holder  

8     Marketing authorisation number(s)  

9     Date of fi rst authorisation/renewal of the 

authorisation  

10     Date of revision of the text  

11     Dosimetry for radiopharmaceuticals (if applicable)  

12     Instructions for preparation of 

radiopharmaceuticals (if applicable)     

BOX 34.2    The  s equence of  p articulars on the  p atient 

 i nformation  l eafl et ( PIL ) 

1.     Identifi cation of the medicinal product  

2.     Therapeutic indications  

3.     List of information which is necessary before taking 

the medicinal product  

4.     Necessary and usual instructions for proper use  

5.     Description of the adverse reactions  

6.     Reference to the expiry date indicated on the label, 

with storage conditions and further information on 

product composition, presentation, marketing 

authorisation holder, manufacturer  

7.     Where the medicinal product is authorised (if 

applicable)

8.     Date of last revision of the PIL     
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Community. Specifi c guidance is given by the MHRA 
on labelling homeopathic medicines  [45] . In particu-
lar, the clear mention of the words  ‘ homeopathic 
medicinal product ’  is required, and both labelling and 
the PIL for the product are also required to state 
 ‘ Homoeopathic medicinal product without approved 
therapeutic indications ’ . The supply of a PIL with a 
registered homeopathic product is optional although, 
if supplied, it must contain all of the specifi c particu-
lars defi ned in the MHRA guidance and no other 
information. 

 While English is the only MHRA - approved lan-
guage, other language versions may be used upon 
certifi cation of identical content.  

Medical information department
 In general, the provision of product information is 
the responsibility of the medical information depart-
ment in so far as the information sought and pro-
vided is non - promotional in nature. Companies vary 
in how this department is integrated within the 
Medical Division but the principles underlying the 
provision of the service are relatively consistent. 
The qualifi cations of those who provide medical 
product information are based on medicine, phar-
macy, nursing, information science or a life science. 
The company physicians, pharmacists and informa-
tion scientists are best placed to inform and discuss 
the company ’ s medicinal products and will have the 
product development database readily available 
to them. 

 Information science is a specialist discipline. It 
arose with the increasing complexity of searching 
for specifi c information using specifi c command 
languages within rapidly expanding medical and sci-
entifi c databases. Information scientists will either 
have a scientifi c qualifi cation from a college or uni-
versity and then learn information science as post-
graduate training or, increasingly, will have taken a 
specifi c undergraduate course in information science 
at a recognised institution. With the advances in com-
puters and reduced use of specifi c command lan-
guages, information searches have become easier for 
health professionals and the public to perform. 
However, the information scientist is still required to 
perform more specialised searches and, indeed, to 
interpret the fi ndings. These professionals must 
receive training appropriate to their level of respon-
sibilities. The Institute of Information Technology 
and the Pharmaceutical Information Pharmacovigi-
lance Association provide support to information 
scientists in the industry. 

information necessary for the safe use of the medi-
cine is legible, easily accessible and that users are 
assisted in assimilating the information so that confu-
sion and error are minimised. Those involved in the 
design of labelling and packaging components should 
ensure adherence to the guidance before submission 
to the MHRA. The MHRA considers the guidance 
when assessing the labelling provided with mutual 
recognition and national licence applications; full 
justifi cation for any deviation should be provided 
with the application. Once approved, amended com-
ponents will be expected to be introduced ideally 
within 3 months but within 6 months at most. The 
guidance applies primarily to POMs but the princi-
ples also apply those available OTC. 

 The particulars listed in Box  34.3  should be on the 
outer packaging of medicinal products or, where 
there is no outer packaging, on the immediate 
packaging.   

 Homeopathic medicinal products are subject to 
the requirements of Council Directive 2001/83/EC as 
amended by 2004/27/EC  [11,12] . Specifi c provisions 
for registration, authorisation and labelling are appli-
cable to homeopathic medicinal products manufac-
tured and placed on the market within the European 

BOX 34.3   Particulars on the  p ackaging 

1.     Name of the medicinal product a,b

2.     Active substances  

3.     Pharmaceutical form and contents b

4.     List of excipients known to have a recognized 

action or effect or all excipients (for injectable, 

topical or eye preparation)  

5.     Method and, if necessary, route of administration b

6.     Special warning to store out of the reach and sight 

of children  

7.     Special warning (if applicable for the product)  

8.     Expiry date a,b

9.     Storage precautions  

10.     Disposal precautions  

11.     Name and address of the holder of the 

authorisation a

12.     Marketing authorization number  

13.     Manufacturer ’ s batch number a,b

14.     Instructions on product use (in the case of 

non - prescription products)     

     Particulars that should, at least, appear on:  a    immediate 

packagings which take the form of blister packs and 

are placed in an outer packaging;  b    small immediate 

packaging units on which other particulars cannot be 

displayed.   
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management and liability or high risk prescribing), 
information scientists will normally seek the support 
or advice of the company physician or pharmacist 
and even the legal department, in providing a 
response. The company physician or pharmacist 
should be prepared to respond personally to the 
health professional who is making the enquiry, espe-
cially at the request of a non - medical colleague. 

Information on the unlicensed use of medicines
 Medicines licensed for one (or more) indication(s) 
are often used for indications for which they do not 
have a product licence. This may be either because 
data exist showing the medicine to be benefi cial or 
because of ongoing clinical trials in new indications. 
The medicines legislation and the Code clearly state 
that no medicine may be promoted for an indication 
for which a product licence has not been obtained. 
However, the medicines legislation accepts that 
doctors may prescribe any agent that they believe may 
be of benefi t to their patients while remaining profes-
sionally responsible. 

 The industry, while endeavouring to behave in an 
ethical fashion, has also made available unlicensed 
experimental drugs for patients whose condition is 
not responding to currently available medication. 
Experimental drugs may be supplied for compassion-
ate use in, for example, cases of HIV or cancer, when 
a real need has been demonstrated. A product unli-
censed in the UK but available in another country 
may be available through an international wholesaler, 
such as IDIS; this will then be available for  ‘ named 
patients ’  and will involve import of the product under 
SI 2005/2789  [46] . 

 Generally, doctors are not encouraged to prescribe 
medicines unlicensed in a particular indication. Man-
agement of prescribing has become more practical 
with the advent of evidence - based medicine and the 
concept of systematic review, for example, the 
Cochrane Library. However, there is an obligation 
upon companies to provide published information 
regarding the investigation of their medicinal prod-
ucts in unlicensed or experimental indications and to 
be able to provide medical advice on how to use such 
agents and under what circumstances. Information 
pharmacists and product physicians can invariably 
provide such information as is at their disposal 
without being promotional.  

Formulary  packs and product  monographs 
 Unfortunately, editors of peer - reviewed journals do 
not have the space to publish all pharmaceutical 

 Medical information departments usually provide 
medical product information to external enquirers 
and scientifi c information within the company to 
those planning and designing clinical trials and devel-
oping product strategies and promotional material. 
The department must have a minimum set of up - to -
 date information resources to enable them to provide 
comprehensive information on all products for which 
they are responsible. Logically, the company library 
will be managed by the medical information depart-
ment, as will the archives of published and unpub-
lished reports relating to the company ’ s medical 
products. However, with data and medical and scien-
tifi c journals readily accessible through the internet 
as well as storage restrictions, increasingly the trend 
is towards a  ‘ virtual ’  library. The medical information 
department, in collaboration with a drug safety or 
pharmacovigilance department, may also manage 
spontaneous reports of adverse events or reactions 
associated with the use of the company ’ s medicinal 
products. 

 Medical information together with  ‘ medical affairs ’ , 
usually two departments of the Medical Division, 
provide medical product information to those seeking 
information. All companies are familiar with day - to -
 day contact by telephone and letter directly from phar-
macists and prescribing physicians, or through the 
company sales representatives. In the UK, a moderate 
sized pharmaceutical company can expect to receive 
several thousand telephone calls per annum. Standard 
procedures should be in place for handling telephone 
calls, including speed of response, enquiry details and 
cover. Questions posed may relate to the chemistry or 
pharmaceutics of the product, or its use in conjunc-
tion with other medicines, in patients with severe 
organ dysfunction or in ways that are not covered by 
the SPC. A doctor or pharmacist using a medicine may 
want to know about the risk of side effects in particular 
circumstances. Conversely, upon encountering a par-
ticular side effect or adverse event, they may wish to 
know whether the event has been recorded previously. 
Product physicians, pharmacists and information sci-
entists become adept at responding profi ciently to 
such questions and acquire a substantial knowledge of 
their products as a result. As patients become increas-
ingly aware and involved in their care, they may also 
contact companies and such enquiries from the public 
must be handled with care and judgement and accord-
ing to the Code of Practice. 

 Finally, because some of the questions posed to 
medical information departments are of medico -
 legal importance (e.g. adverse event reporting and/or 
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promotional in nature as well as permitting the inter-
change of unbiased scientifi c information. Such 
meetings would not occur if pharmaceutical compa-
nies did not provide substantial sponsorship, and 
learned societies cannot expect to have meetings 
funded without allowing companies to promote their 
products and provide non - promotional information. 
Additionally, it is recognised by the European Union 
Advertising Directives that without industry spon-
sorship of scientifi c meetings and attendance by 
doctors at such meetings, the medical community 
would be less well informed. The quality of data 
presented at such meetings is generally excellent as 
companies would not knowingly report poorly con-
ducted studies so publicly at major international 
congresses. 

 Pharmaceutical physicians must be alert to the fact 
that information becomes promotional when pub-
lished by virtue of industry sponsorship. Both written 
and verbal materials to be disseminated as informa-
tion or  ‘ a service to medicine ’  should therefore be 
reviewed and the relevant rules observed (see  ‘ Proce-
dural aspects relating to information and promo-
tion ’ ). Companies have been found in breach of the 
Code of Practice when so - called  ‘ independent ’  speak-
ers of known opinion have been used too frequently 
in support of a product.   

Promotional  information
 The term  ‘ promotion ’  means any activity undertaken 
by a pharmaceutical company (or with its authority) 
that promotes the prescription, supply, sale or admin-
istration of its medicines. According to the ABPI 
Code of Practice, promotional information includes 
journal and direct mail advertising, detail aids and 
other printed materials used by representatives, par-
ticipation at exhibitions, audio - visual media and data 
systems. Naturally, all information supplied through 
a pharmaceutical company ’ s marketing department 
will be regarded as promotional in nature, even if not 
in a promotional format. Reasonably, the informa-
tion would not be disseminated unless it was designed 
to increase use of the medicinal products. Depending 
on its nature and purpose, information supplied 
through the medical department is more likely to be 
accepted as unbiased by prescribers. It is therefore 
prudent to make known that all information is pro-
duced and used with the support of the medical 
department. 

 To clarify, information is regarded as non -
 promotional if it forms a reply made in response to 
individual unsolicited enquiries or communications 

company data collected for obtaining product 
licences. Additionally, reviewers are becoming more 
stringent in their acceptance of manuscripts. Con-
versely, editors and others are demanding the publi-
cation of negative trials and refusing to publish trials 
unless they are managed independently of the spon-
sors by academic physicians and scientists. Equally, 
companies are criticised for subscribing to journal 
supplements or for paying to have clinical data 
reported in journals that operate for that purpose. 
Thus, when a new product is launched commercially 
much of the company ’ s database is not published in 
medical journals that are read by the majority of pre-
scribing physicians. However, the MHRA and the 
Committee on Safety of Medicines do review the 
entire company product database before reaching a 
decision as to whether a product should be licensed 
and made available for prescription. 

 Acknowledging problems of data publication, 
most companies are willing to make  ‘ data on fi le ’  
available to physicians or pharmacists on request, and 
may quote such data in their product information. 
Typically, medical staff write reviews, summaries and 
monographs about the company products. These 
documents form part of the impartial and unbiased 
database that companies are willing to make available 
on a non - promotional basis and are increasingly 
expected to provide. 

 However, the ultimate hurdle for pharmaceutical 
companies is not registration of a medicinal prod -
uct but acceptance by formulary committees and 
inclusion in a hospital or general practice drug for-
mulary. While not required for regulatory purposes, 
comparative effi cacy and safety of medicines have 
become part of development programmes, and cost –
 benefi t and cost - effectiveness data are increasingly 
expected and available. There is now need to provide 
clinical and cost - effectiveness data to NICE, SMC and 
AWMSG, which will then report independently. The 
views of such bodies are highly infl uential to the 
success of a product, particularly if it is one of a kind 
or expensive to prescribe. Indeed, it is prudent for 
companies to have a department of professional staff 
specifi cally trained in health economics and out-
comes research. Company professional staff will write 
review articles that are factual but also aimed at per-
suading a formulary committee to agree to include 
that product or product range.  

Meetings and conferences 
 Meetings and conferences at both national and inter-
national level perform a dual purpose, being both 
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say is valuable in avoiding mistakes. A balance is 
usually found between that expected and that accept-
able  –  the marketing department expects the medical 
department to interpret the data to permit the 
maximum exploitation permissible, while the medical 
department opposes claims or statements that the 
data do not support. It is essential that all of these 
individuals consider the material carefully, agree the 
contents and are in accord that it can be recom-
mended to the offi cial signatories for certifi cation. 

 The product physician, medical advisor, scientifi c 
advisor and the regulatory affairs professional should 
treat the reading of promotional material and its ref-
erences a priority. They should not be pressured into 
agreeing with material without due time for consid-
eration. Up to 48 hours each would seem a minimum 
to read and consider the promotional material and 
the accompanying reference documents. When the 
regulator is involved, the PMCPA allows 5 working 
days for comment. All of those involved in the crea-
tion of promotional material must be alert to possible 
misinterpretations or over - interpretations of claims 
and statements by the company, and that the material 
must not mislead. Protection is conferred by having 
several persons review and comment on what is being 
written, and this can be documented if the process of 
creating material follows a routine procedure. 

 Promotional material must not be issued unless 
the fi nal form has been certifi ed by two persons, one 
of whom must be a registered medical practitioner or 
a registered pharmacist. The second person certifying 
on behalf of the company must be an appropriately 
qualifi ed person (either of the company or whose 
services are retained for that purpose) or senior offi -
cial of the company, such as the marketing director. 
These signatories examine the materials for accord-
ance with the Code of Practice and relevant advertis-
ing regulations, for consistency with the marketing 
authorisation and SPC, and for fair presentation of 
the facts about the medicine. 

 A SOP or set of guidelines regarding the dissemi-
nation of promotional and non - promotional infor-
mation is also likely to exist within companies. All 
information sent out by the company may be subject 
to the Code of Practice. Additionally, all information 
received from a pharmaceutical company may be 
considered to be promotional. Thus, if companies 
wish to have a trustworthy reputation they should 
ensure that any non - promotional information is 
truly non - promotional and factual. Promotional 
material should only be sent to people who are likely 
to have a need or interest in such information. 

from health professionals, including letters published 
in professional journals, but only if they relate solely 
to the subject matter. It also includes informative 
announcements and reference material concerning 
licensed medicines, for example, pack changes, 
adverse event warnings and price changes. Informa-
tion supplied to national public organisations (such 
as NICE, AWMSG and SMC, the SPC), public assess-
ment reports, labelling on medicines and associated 
package inserts, and information relating to human 
health or diseases without reference to specifi c medi-
cines are also considered non - promotional. Clearly, 
such information must be scientifi c, accurate and 
factual, and neither misleading nor promotional in 
nature.   

Procedural  aspects relating to 
information and promotion 

 To ensure conformity to the regulations relating to 
information and promotion, pharmaceutical compa-
nies act by SOPs for the preparation and approval of 
ethical promotional material. These written proce-
dures cover the multiple steps in the preparation 
and approval of promotional copy and in so doing 
minimise the risk of mistakes and subsequent 
complaints. 

 There are two stages inherent in developing pro-
motional material: generation and approval. Typi-
cally, the company brand team give a detailed brief to 
a specialist medical communications agency. The 
materials generated are then circulated as  ‘ hard ’  copy 
or electronically, together with the references used to 
substantiate the data and claims. It is prudent to insist 
that evidence in the references is highlighted, as this 
saves the reviewers ’  time from fi nding the relevant 
text. Materials are fi rstly circulated to the product 
manager, product physician, scientifi c advisor and 
regulatory affairs professional, who collate their com-
ments and request the agency to action any necessary 
changes. These individuals have key roles in material 
development: the product manager coordinates the 
exercise; the product physician reviews the relevant 
clinical data and ensures conformity with the ABPI 
Code of Practice; the scientifi c advisor focuses on the 
scientifi c content; and the regulatory affairs profes-
sional ensures the material conforms to the product 
licence. 

 All necessary prior discussion between product 
managers and their medical and scientifi c counter-
parts as to what the marketing department wishes to 
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Mailing lists must be current and exclude any persons 
who have requested not to receive such literature. 

 It is up to individual companies via their manag-
ing, marketing and medical directors, as to how for-
mally they wish to proceed with respect to promotional 
material and the dissemination of information. The 
remit of all medical directors includes avoidance of 
complaints regarding the promotion of medicinal 
products. SOPs and appropriate guidelines in the 
management of promotion and information are not 
only very helpful to medical and marketing, but may 
be key elements in the successful sales of medicinal 
products.  

Editorial note

 The International Federation of Pharmaceutical 
Manufactures and Associations have announced July 
2012, an expansion of its code of practice designed to 
 ‘ provide a framework for the industry to act with 
ingenuity and build trust ’ .  
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Introduction 

 Economics is about the allocation of resources to pro-
duction and the distribution of the outputs that 
result. Economics exists as a discipline because the 
resources available globally, nationally, regionally or 
to any government, industry, organisation or indi-
vidual are fi nite. One needs only to consider the 
fi nancial crisis that is affecting the global economies 
to realise how economics affects our daily lives. At the 
same time, it would appear that no amount of output 
could ever satisfy all human wants and desires. Taken 
together, this means that choices about the level of 
resources to allocate to various sectors of the economy 
or to the production of specifi c outputs within those 
sectors are unavoidable. Equally, choices about distri-
bution cannot be escaped. Thus, economics is the 
science of making choices. 

 Health economics is the application of the disci-
pline of economics to the topic of health, and 
pharmaco - economics is the specifi c application of 
the discipline as related to the evaluation of pharma-
ceutical products. For the purposes of this discussion, 
the terms are used synonymously. When viewed in 
this light, health economics becomes fi rst and fore-
most a way of thinking based on the principles of 
scarcity and the need for choice. Although the tech-
niques of economic appraisal (discussed below) are 
the principal ways in which the discipline is applied, 
they are merely the  ‘ toolkit ’ . The use of these tools 
without a proper understanding of the principles 
upon which they are based can be both ineffective 
and misleading  [1] .  

Economics of the National
Health Service

Key  principles of health economics: 
output,  cost and effi ciency 
Output of health care 
 Health care services are not normally provided for 
their own sake. Few people receive any direct satisfac-
tion (utility) from consuming health care. Generally, 
these services are demanded because of an expecta-
tion that they will have a positive impact on present 
or future health. Consequently, the principal output 
of health care is  ‘ health ’ . If health is viewed in the 
broadest sense of well - being then, if effective, inter-
ventions will make people better off than they would 
have been in the absence of the interventions. In 
other words, effective interventions will normally 
increase the length or improve the quality of life, or 
achieve some combination of the two. 

 The practical diffi culties of viewing output in 
terms of health achieved is that health is notoriously 
diffi cult to defi ne, measure and value. Broad defi ni-
tions of health, such as a  ‘ state of complete physical, 
mental and social well - being ’  given by the World 
Health Organization, are unhelpful when trying to 
compare the effectiveness of alternative therapies or 
to compare the health gain from either of these with 
that of some wholly unrelated area of health care. 

 Consequently, in practice, intermediate measures 
of output are often used as surrogate markers for fi nal 
(health) outputs. This is generally considered to be 
acceptable, provided there is an established link 
between the surrogate marker and health. Thus, the 
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to have the only  –  or even necessarily the best  –  
answer for all choices that need to be made, at least 
economic criteria are explicit and hence open for 
criticism and debate. 

 The main criterion used in economic thinking is 
effi ciency, which is about maximising the benefi ts 
from available resources. It concerns the relationship 
between inputs and outputs (i.e. the most benefi t for 
the least cost). Being effi cient means getting as much 
health as possible from the available resources; being 
ineffi cient means getting less. Viewed in this light, 
there is clearly an ethical justifi cation for the pursuit 
of effi ciency.  

Acceptance of scarcity 
 A prerequisite to the use of health economics is an 
acceptance that no health care system can possibly do 
all things for all people. This means recognising 
explicitly that some form of prioritising is necessary 
and unavoidable. Such recognition emerged in some 
countries in the late 1980s to early 1990s and has 
slowly spread over the past two decades.. 

 In the UK, annual expenditure on the National 
Health Service (NHS) is largely determined by gov-
ernment during public expenditure negotiations. 
Until recently, there has tended to be an implicit 
belief that this money (or the resources that this 
money could command) should be used to meet all 
health needs. Words such as rationing were avoided 
at all costs in offi cial documents. 

 Whereas many in the UK would accept the need 
for rationing in the NHS, most would also wish to see 
additional resources made available. However, it is 
increasingly being recognised that although extra 
funding will ease the problem it cannot eliminate it. 
If need is believed to be the  ‘ capacity to benefi t 
from treatment ’ , then clearly each new technological 
advance will increase need. Premature babies, born 
with low birthweights that were previously incompat-
ible with life, only became  ‘ in need ’  when the technol-
ogy of neonatal intensive care allowed them to be 
saved.  ‘ Need ’  is consequently a dynamic concept. As 
the pace of technological advance is unlikely to 
decrease, the gap between the need met (what is being 
achieved) and the total need (what could be achieved 
given infi nite resources) will widen. Constantly 
increasing funding is therefore needed just to keep 
the gap from widening further, and as long as society 
has other needs (e.g. for education, defence, law and 
order, as well as private consumption needs) closing 
the health needs gap completely will not be 
possible.  

evidence that a reduction in the number of exacerba-
tions requiring hospitalisation is a strong indication 
of improved health in asthma patients means that 
 ‘ number of exacerbations requiring hospitalisation ’  is 
an acceptable output measure. The less well estab-
lished the link between the surrogate marker and 
health, the less useful the marker.  

Cost of producing  health
 By defi nition, resources are those things that contrib-
ute to the production of output. In terms of health 
services, the output  ‘ health ’  is produced using 
resources, such as doctors, nurses, hospital beds, 
operating theatres, equipment and drugs. Money is 
needed in order to acquire these resources, but, 
according to the above defi nition, money is not itself 
a resource as it only becomes productive if used to 
hire doctors, buy drugs, etc. Similarly, according to 
the above defi nition, resources can include the time 
of volunteers, informal caretakers or anything else 
that does not involve money payment but which, nev-
ertheless, contributes to the production of health  [1] . 

 A focus on resource use rather than money leads 
to a fundamental difference in how  ‘ cost ’  is viewed in 
economics. Because resources are scarce, their com-
mitment to any one use means sacrifi cing the benefi ts 
that could have been achieved if they had been used 
in an alternative way. In economics, cost is therefore 
equated to  ‘ sacrifi ce ’ , and the term  ‘ opportunity cost ’  
is used to emphasise the idea of an opportunity 
forgone. Money cost and opportunity cost may coin-
cide  –  or they may not.  

Basis on which resource  allocation choices
should be made – effi ciency 
 Scarcity of resources means that it is not possible to 
do everything that we would like to do. Regardless of 
the level of resources currently being devoted to 
health care, it will always be possible to do more. This 
is partly because of the rapid development of new 
technologies, including pharmaceuticals, which 
allows more and more to be done each year, but also 
that resources devoted to health care incur opportu-
nity costs elsewhere. The huge variety of human 
wants means that better health is not the only good 
thing that a society desires, and there are limits to 
how many other potential benefi ts society is willing 
to forego in the pursuit of better health. 

 Scarcity means that resource allocation decisions 
cannot be avoided. If this is accepted, then it is clear 
that the basis on which these decisions are made 
should be explicit. Although economists do not claim 
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accepted by NICE, local decision - makers have to 
decide, given their fi nite resources, which  ‘ old ’  prod-
ucts and procedures to eradicate and which effi cient 
products and services to provide. Local choices will 
inevitably vary, and as a consequence one form of 
postcode rationing will simply replace another  [2] .   

Health service costs
 The earliest developments in health economics con-
centrated on measuring the cost of health care. The 
work of Abel - Smith and Titmus  [3]  for the Guille-
baud Committee in 1953 showed that rather than the 
NHS becoming too expensive, in reality the share that 
the NHS was taking up had fallen at a time when the 
population had grown. Since then the share of 
national income spent on the NHS has risen, but 
international comparisons (Table  35.1 ) show that the 
UK remains a relatively low spender on health care 
services. This is partly explained by the strong posi-
tive correlation between total national income and 
the amount spent on health care (Figure  35.1 ). 
Clearly, richer countries can afford to spend more on 
health care services. However, as Figure  35.1  demon-
strates, even on this basis the UK falls below countries 
with comparable incomes. The NHS in the UK, if 
nothing else, is relatively low cost.       

Measuring the value

 The increasing use of pharmaco - economic analyses 
as tools in health policy decision - making has high-
lighted the fact that the  ‘ value ’  of a drug (or service) 
should not be assessed solely on the basis of its acqui-
sition cost. Rather, a drug ’ s value should be consid-
ered relative to other therapies (or services) that are 

Prioritisation in operation 
 As a result of this growing acceptance of scarcity, 
explicit prioritisation is becoming an increasingly 
common feature of the UK NHS. In the past decade, 
we have increasingly seen health authorities make 
clear choices about the kind of interventions that they 
will provide for their inhabitants. Many have gone so 
far as to remove certain procedures (e.g. tattoo 
removal, gender reorientation and fertility treat-
ments) from the list of services that they will provide. 

 By the late 1990s, the issue of  ‘ postcode prescribing ’  
(patients being able to receive a particular treatment 
in one health authority but not if they resided in a 
neighbouring one) was a contributing factor in the 
election in Britain of the Labour government in 1997. 
The Labour Party in their election manifesto prom-
ised to put an end to postcode prescribing, and since 
coming to power have endeavoured to establish 
measures to achieve this aim. One of these was the 
National Institute for Clinical Excellence (NICE; see 
 ‘ The UK ’  later). NICE was created to rationalise the 
system of care rationing in the NHS by using the 
evidence base on the clinical and cost - effectiveness of 
new products to determine whether the NHS would 
reimburse them. The government believed that this 
 ‘ fourth hurdle ’  would control costs and eradicate 
postcode prescribing. In the event they were wrong 
about both these issues. 

 First, NICE ’ s recommendations are as likely to 
increase expenditure as to reduce it. The purpose of 
their evaluations has been clearly stated as being to 
identify  ‘ value for money ’ , not whether the NHS 
could afford the intervention. Secondly, postcode 
rationing exists because the exercise of clinical discre-
tion locally results in treatments being available in 
one place and not in another. As new products are 

Table 35.1    Total health expenditure as a percentage of gross domestic product 

        1975     1985     1995     1998     2002     2006     2009  

  Australia    7.0    7.5    8.2    8.6    9.1    8.8    8.7  

  Canada    7.1    8.3    9.3    9.3    9.6    10.0    11.4  

  France    6.8    8.3    9.6    9.4    9.7    11.1    11.8  

  Germany    8.8    9.3    10.2    10.3    10.9    10.6    11.6  

  Italy    6.2    7.0    7.9    8.2    8.5    9.0    9.5  

  Japan    5.6    6.7    7.2    7.4    7.8    8.2    8.5  

  Spain    4.7    5.4    7.0    7.0    7.6    8.4    9.5  

  UK    5.5    5.9    6.9    6.8    7.8    8.4    9.8  

  USA    7.8    10.0    13.2    12.9    14.6    15.3    17.4  

    Source:   OECD Health Database.    
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     Figure 35.1     Relationship between total health spending per capita and gross domestic product per capita, 2006. 

 Source:   OECD Health Data 2008.   
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analytic techniques. A brief description of each of 
these techniques follows. 

  Cost –  c onsequence  a nalysis 
 The CCA is the most disaggregated of all the eco-
nomic analyses and places the greatest interpretive 
burden on decision - makers. The incremental costs 
and clinical consequences of the drugs being com-
pared are simply listed, with no indication of the rela-
tive importance of any of their components (e.g. a 
CCA involving drugs used in stroke prevention would 
include drug costs, hospital costs, and other costs, 
such as those associated with any special monitoring 
necessary, number of strokes observed, the number 
of deaths observed and the rate of clinically meaning-
ful side effects). CCAs are often presented alongside 
other analytical techniques, such as CEAs.  

  Cost -  e ffectiveness  a nalysis 
 In CEA, costs associated with two or more treatment 
pathways are summed for each pathway, then the 
increment (difference) is calculated. Similarly, the 
health outcomes (benefi ts/harms), measured in terms 
of an effi cacy parameter, associated with each treat-
ment pathway being assessed are summed, and the 
increment is calculated. The incremental costs are 
then compared (in a ratio) with incremental out-
comes (as measured in physical or natural units). 
Physical and natural units can include both interme-
diate (surrogate) clinical endpoints (e.g. millimetres 

used for the same condition, and should include the 
costs and clinical consequences, both positive and 
negative, associated with the treatment pathway of 
each comparator drug. Simply put, a pharmaco -
 economic analysis should assess the increment (dif-
ference) in total costs and total clinical outcomes that 
result from the use of at least two treatment compara-
tors. An important thing to remember when reading 
the following section is that all references to  ‘ cost ’  
refer to the total (all) costs associated with a treat-
ment pathway, and not solely the acquisition cost of 
the drug. 

  Types of  a nalysis 
 The underlying premise of pharmaco - economic 
analyses is that fi scal resources are scarce and that 
there is a need to make decisions based on the relative 
value of different interventions in creating better 
health and/or longer life. There are fi ve main analyti-
cal techniques used to evaluate the incremental value 
of products  [4] :
   1.     Cost – consequence analysis (CCA);  
  2.     Cost - effectiveness analysis (CEA);  
  3.     Cost – benefi t analysis (CBA);  
  4.     Cost - minimisation analysis; and  
  5.     Cost – utility analysis (CUA).    
 Although the identifi cation and valuation of the cost 
component (numerator) of these analyses are similar, 
it is the identifi cation and valuation of the conse-
quences (denominator) that truly differentiate these 
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was less costly than hospital treatment with standard 
heparin  [8] . 

 Over the last few years there has been an increasing 
trend in the use of the non - inferiority study design 
to evaluate the comparative effi cacy of new drugs. 
While this study design may be justifi ed based on 
regulatory requirements and the overall cost to run 
the clinical trial, unless these studies are appropriately 
designed and powered, the results may not be sensi-
tive enough to detect differences in health outcomes 
and may force the use of the most basic economic 
analysis, the cost - minimisation analysis.  

Cost–utility analysis
 The CUA is a form of CEA in which the health out-
comes are measured in terms of quality - adjusted life -
 years (QALYs) gained. The QALY is a measure that 
associates quantity of life (e.g. survival data and life 
expectancy) with quality of life, by amalgamating 
them into a single index. One QALY is equal to 1 year 
with full quality of life. Because of its universal 
denominator which allows comparisons across diver-
gent areas, CUA is a tool that can (in theory) be used 
by policy - makers to determine the best way to spend 
their limited resources. For example, assuming that 
there is only enough money to fund one policy initia-
tive, policy - makers could assess the costs and health 
consequences associated with the implementation of 
legislation requiring all occupants of a car to wear 
seat belts relative to the costs and consequences asso-
ciated with the funding of mass immunisation for a 
new strain of infl uenza. 

 In an attempt to assess the value of introducing a 
rehabilitation programme to the standard care of 
patients with chronic respiratory disease, Griffi ths 
et al.  [9]  assessed the incremental cost utility of the 
rehabilitation programme versus standard care. The 
results of the analysis indicated that the incremental 
cost of adding rehabilitation to standard care was 
 £ 152 and the incremental utility was 0.03 QALYs per 
patient. The study authors concluded that the pulmo-
nary rehabilitation programme produced cost per 
QALY ratios within the bounds considered to be cost -
 effective and would probably result in fi nancial ben-
efi ts to the health service. 

 In summary, there are fi ve types of analysis that can 
be used to assess the incremental cost - effectiveness of 
a drug or service. The type performed is generally 
predicated by the therapeutic area being evaluated, 
the research question being addressed and the clinical 
data available. For example, whereas a CBA (which 
converts clinical effect into monetary terms) may not 

of mercury blood pressure reduction, changes in 
FEV 1 ) or fi nal endpoints (e.g. deaths averted or life -
 years gained). In a study that assessed the cost per 
deaths from pulmonary embolism averted, Hull et al. 
 [5]  reported that subcutaneous administration of 
low - dose heparin starting 2 hours before surgery was 
a cost - effective approach to prophylaxis compared 
with the four alternative regimens. It should be noted 
that although this study is somewhat dated, it was 
included because a critical assessment of this chapter 
can be found in Drummond et al.  [6] .  

Cost–benefi t  analysis
 In CBA, monetary values are assigned to the health 
consequences so that the overall ratio is expressed 
completely in fi nancial terms (e.g. pounds, dollars, 
euros). In principle, CBA allows policy - makers and 
decision - makers to make allocative comparisons and 
decisions across divergent sectors (e.g. health care 
and transportation). Notwithstanding this advan -
tage, the valuation of health outcomes can be prob-
lematic (e.g. what monetary value do you assign to a 
life - year gained?) and therefore CBAs tend to be per-
formed less frequently than other analytic types. 
Trollfors  [7]  examined the cost – benefi t of infant vac-
cination with a conjugated  Haemophilus infl uenzae
type b (HIB) vaccine versus no vaccination (i.e. the 
 ‘ do nothing ’  option). After taking into account the 
value of lives lost, the study author concluded that 
the widespread vaccination of infants for HIB was 
cost - effective and that it saved lives and reduced 
human suffering.  

Cost-minimisation analysis
 Cost - minimisation analyses are performed when the 
clinical outcomes (e.g. effi cacy and safety) of the 
comparator groups are virtually identical and for all 
practical purposes can be considered to be equal. 
Because no decision can be made based on differ-
ences in the clinical endpoints, decisions are based on 
the incremental costs of the treatment pathways. Such 
was the case in a study that assessed the cost -
 effectiveness of treating proximal deep vein thrombo-
ses at home with low molecular weight heparin versus 
standard heparin therapy in hospital. A cost -
 minimisation approach was chosen for this analysis 
because the results from a comparative clinical trial 
confi rmed that there were no statistically signifi cant 
differences in safety or effi cacy between the two treat-
ment groups. The study authors concluded that for 
patients with acute proximal deep vein thromboses, 
treatment at home with low molecular weight heparin 



Economics of health care 697

tifi ed, measured (e.g. number of physician visits, 
treatment of side effects, number and duration of 
hospital visits) and are determined to be representa-
tive of local treatment patterns, local costs/prices can 
be applied to those resources to determine the overall 
cost of that intervention. The scope of the resources 
(and costs) included in an analysis is determined by 
the perspective (or intended audience) of the study. 

 Perspectives can be very broad (i.e. societal) or 
extremely narrow (e.g. the accident and emergency 
department in a particular hospital), depending on 
the analytical question posed (e.g. is drug  ‘ W ’  a cost -
 effective option to drug  ‘ X ’ , in the treatment of disease 
 ‘ Y ’ , in hospital  ‘ Z ’ ?). It should be noted that an eco-
nomic analysis may be performed using several dif-
ferent perspectives, and that a drug may be considered 
cost - effective from one perspective and not when 
assessed from a different perspective. For example, 
drugs or services that affect or infl uence a patient ’ s 
ability to work may be cost - effective from a societal 
perspective owing to a reduction in productivity 
losses; however, these drugs may or may not be con-
sidered cost - effective from the perspective of a health 
care system. 

 When assessing a drug from the societal perspec-
tive, the following resource items should be included. 
This list is provided as an example only, and should 
not be considered exhaustive:
    •      health system items (e.g. drugs, physicians and 
other health care workers, hospitalisations, labora-
tory tests, surgeries);  
   •      social services items (e.g. home help);  
   •      spillover costs on other sectors (e.g. additional edu-
cational costs related to the proportion of children 
who survive neonatal intensive care units with learn-
ing disabilities); and  
   •      costs that fall on the patient and family (e.g. loss of 
wages, transportation).    
 Analyses from the health care system perspective (e.g. 
ministry or department of health) would include 
only those costs that are paid by that system. 

 Resource items can be identifi ed and measured 
using several different techniques, each having both 
positive and negative attributes. These techniques 
include (but are not limited to) direct measurement 
in clinical trials  [10,11] , direct measurement in 
activity - based costing exercises  [12] , retrospective 
database assessment, direct measurement in disease 
registries and physician/health care professional esti-
mation. The amount of economic data collected as 
part of clinical trials has increased substantially 
over the last few years, with a survey reporting the 

be considered (for ethical reasons) to be the best 
choice for oncology or HIV - related evaluations, 
a CUA (which takes into account both quality of 
life and survival duration) may be considered 
appropriate.   

Measuring the benefi ts 
 When used in an economic milieu, the term  ‘ benefi t ’  
can mean different things to different groups, even 
when referring to the same drug or service. For a 
person with migraine the benefi t of a new effective 
rapid - onset antimigraine therapy is that he or she 
may be able to alleviate the headaches more rapidly 
than with their current medication. Employers may 
benefi t because their staff remain productive, acci-
dent and emergency departments may benefi t 
because migraineurs do not come to their waiting 
rooms seeking treatment, and the government may 
benefi t because they have established new policy rela-
tive to lowering accident and emergency department 
wait times. 

 The assessment of the clinical benefi t of medicines 
is generally understood by clinicians, regulatory 
authorities and reimbursement authorities alike. 
Everyone instinctively understands the clinical benefi t 
of decreasing a hypertensive patient ’ s blood pressure 
to 120/80   mmHg or the benefi t in reducing the 
number of strokes. However, in an era of increasing 
health care costs and funding decisions, there is a 
need not only to illustrate the clinical benefi t of a 
drug, but to translate that clinical outcome into an 
economic benefi t. 

 The actual acquisition cost of a drug or service 
should not be used in isolation to determine the value 
of a drug. Value should be assessed in an analysis that 
takes into account all consequences (both positive 
and negative) that result from use of the therapy. For 
example, if a therapy eliminates the need for surgery, 
the cost of the surgery would be eliminated from the 
overall treatment pathway. However, if the same 
therapy results in an adverse event that requires spe-
cifi c laboratory monitoring, the cost of the laboratory 
tests would be added into the treatment pathway. The 
accurate identifi cation and valuation of resource 
items that result from the use of that therapy are 
extremely important components of economic 
analysis. 

 Cost identifi cation often involves the development 
of a probability or decision tree of the therapeutic 
pathway that describes all relevant downstream 
events related to use of that therapy and its 
comparator(s). Once the relevant resources are iden-
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analysis performed (e.g. CEA, CBA) corresponds 
with the analytical technique purported to be used in 
the study. Zarnke et al.  [16]  sampled the published 
literature to assess whether evaluations labelled as 
CBAs met the contemporary defi nition using CBA 
methodology. They reported that 53% of the 95 
studies assessed were reclassifi ed as cost comparisons 
because health outcomes were not appraised. Several 
authors have developed checklists that are useful 
when evaluating the overall quality of an economic 
analysis  [6,17] . One of the best - known checklists is 
given in Box  35.1 .   

 These checklists are useful tools that prompt the 
reader systematically to pose simple questions which 
aid in the critical assessment of the study. The fi rst 
question prompts the reader to consider the overall 
validity of the research question. Did the investigators 
explain the problem and why it has not been ade-
quately addressed? Are both the costs and the conse-
quences of the drug under investigation included? Is 
the analysis incremental? Is the viewpoint (or per-
spective) of the analysis stated, and is it valid? The 
research question is well defi ned if it states the per-
spective and alternatives and makes it clear that both 
costs and consequences were to be compared. 

 The second question addresses the issue of relevant 
treatment comparators and the justifi cation for those 

inclusion of pharmco - economics in up to 71% of 
both phase III and IV studies  [13] . It should be rec-
ognised that prior to regulatory authority approval, 
in most cases the only product - specifi c utilisation 
data available for inclusion in economic analyses are 
collected during the phase II and III clinical trials. 
Because of forced treatment compliance, protocol -
 driven physician visits and tests, and many clinical 
trials being conducted in multinational settings 
(many with quite diverse health care systems) such 
data may not necessarily refl ect real - world resource 
utilisation patterns and real - world clinical benefi t. 

 In summary, there is more to demonstrating the 
benefi t of a drug than proving its clinical effi cacy 
or looking at its acquisition cost. Such a demonstra-
tion involves translating both positive and negative 
clinical consequences into resource and/or fi scal 
consequences and then comparing these with other 
drugs or therapies commonly used for that indica-
tion. The identifi cation, measurement and valuation 
of resource items associated with drug therapy are 
extremely important components of economic analy-
sis, and attention should be paid to these areas when 
evaluating such studies. Economic analyses should be 
reported in such a manner that the reader can deter-
mine whether the treatment patterns and costs 
described are relevant to those in his or her country 
or area.  

Evaluating economic analyses
 Over the last 15 – 20 years there has been a dramatic 
increase in the number of studies published in the 
scientifi c literature that purport to be economic anal-
yses. As with all areas of research, the quality of 
studies varies and care should be taken when review-
ing published (and unpublished) economic analyses. 
Studies have shown that although improving over 
time, the general quality of many published economic 
analyses is still poor  [14,15] . 

 As when evaluating the published medical litera-
ture, results from economic analyses should not be 
taken at face value. Claims of cost - effectiveness must 
be supported by assessments against appropriate 
comparators. Analyses comparing with placebo 
should be viewed with caution unless the drug or 
therapy in question is the very fi rst treatment avail-
able for that disease or in the case of add - on therapy, 
if the placebo arm in the study actually represents 
current levels of usual care. Reports should be 
detailed, clear and transparent. It is crucial that 
readers are able to follow exactly what was carried out 
(with justifi cation) throughout the analysis. Care 
should also be taken to determine that the type of 

BOX 35.1    Ten  q uestions to  a sk of  a ny  p ublished 

 s tudy 

1.     Was a well - defi ned question posed in answerable 

form?  

2.     Was a comprehensive description of the 

competing alternatives given (i.e. can you tell who 

did what, to whom, where and how often)?  

3.     Was the effectiveness of the programme of services 

established?

4.     Were all the important and relevant costs and 

consequences for each alternative identifi ed?  

5.     Were costs and consequences measured accurately 

in appropriate physical units (e.g. hours of nursing 

time, number of physician visits, lost workdays, 

gained life - years)?  

6.     Were costs and consequences valued credibly?  

7.     Were costs and consequences adjusted for 

differential timing?  

8.     Was an incremental analysis of costs and 

consequences of alternatives performed?  

9.     Was allowance made for the uncertainty in the 

estimates of costs and consequences?  

10.     Did the presentation and discussion of study 

results include all issues of concern to users?    

  After Drummond et al.  [6] .   
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cell counts). Because of differing treatment regimens 
across regions or countries, it is extremely important 
that there is full disclosure of each resource identifi ed, 
along with the frequency of use. Such  ‘ resource dic-
tionaries ’  allow the person critically evaluating the 
analysis to determine whether the treatment patterns 
in the analysis accurately refl ect treatment patterns in 
their area. In addition, the unit cost/price for each 
resource should be provided, along with the source 
of each value. The provision of unit prices/costs 
allows the reader to determine whether the relative 
costs shown in the analysis are similar to those found 
in his or her area. 

 Economic analyses may evaluate the effect of drugs 
or therapies over several years, and because economic 
analyses operate in the present, the costs and conse-
quences that occur in the future have to be adjusted 
to refl ect their present - day values. This process is 
called discounting  –  discounting basically assumes 
that one unit of monetary (or health outcome) value 
is worth more today than it will be worth in the 
future; therefore, future units have to be reduced to 
refl ect this expected decrease in value. 

 Question 7 addresses the issue of differential 
timing and whether discounting of future costs and 
consequences has occurred. As a rule of thumb, eco-
nomic analyses that are less than or equal to 1 year in 
duration are not discounted, as it is assumed that the 
relative value of items would not change within a 
year. It should also be noted that discount rates used 
in analyses vary from country to country. Justifi cation 
should be provided for the rate used in the analysis. 

 Question 8 addresses another extremely important 
area in economic analysis  –  whether the analysis is 
incremental. For an analysis to be a truly meaningful 
comparison it is necessary to examine the additional 
costs that one drug or therapy imposes over another, 
compared with the additional effects or benefi ts it 
delivers. As with the issue of choice of the comparator 
drug, most economic guidelines worldwide stipulate 
that an economic analysis must be incremental. 

 Economic analyses (models) are only as good as 
their ability to represent reality at the level needed to 
draw useful conclusions. Because all economic evalu-
ations contain some degree of imprecision, there is 
value in varying the parameters or estimates that have 
the greatest degree of uncertainty (i.e. perform a sen-
sitivity analysis). Sensitivity analyses should be per-
formed on the estimates that have the greatest degree 
of imprecision in order to see if the overall results are 
dependent on that parameter. 

 The fi nal question asks about the  ‘ validity ’  of the 
conclusions drawn by the study authors. Were the 

comparators. When discussing the issue of compara-
tors, pharmaco - economic guidelines worldwide state 
that (at a minimum) the drug in question must be 
compared with the standard treatment or usual 
regimen. It should be noted that, unlike regulatory 
authorities, most decision - makers do not consider 
placebo to be a relevant comparator. When assessing 
the comprehensiveness of the description, the reader 
must decide whether the relevant alternatives have 
been compared. In order to do this, the reader must 
fi rst identify the primary objective of the drug or 
service targeted for the evaluation. 

 An economic analysis does not measure the clinical 
effectiveness of a drug or its comparator; rather, it 
reports the fi scal consequences associated with their 
use. Question 3 serves as a reminder to the reader that 
the clinical data included in the economic analysis 
should be based on appropriately conducted clinical 
studies (considering both methodological rigour and 
generalisability), and that the study report should 
establish the clinical effectiveness of the treatments 
under investigation. 

 Question 4 addresses one of the most important 
issues in the critical assessment of economic analyses 
 –  the issue of identifi cation and inclusion or exclu-
sion of resources. The actual scope of the resources 
included should match the (stated) perspective of the 
analysis. It is important to note that it is not always 
possible to measure and value all the costs and con-
sequences of the alternatives; however, a comprehen-
sive list of the most important and relevant ones 
should be provided, along with justifi cation for any 
major omissions. For example, a new drug has several 
side effects with similar rates of occurrence. One side 
effect results in a transient cough, another results in 
a gastrointestinal bleed. Given the scope of the total 
costs and/or resources involved, an economic analysis 
of this drug could probably justify non - inclusion of 
the treatment costs associated with the cough because 
such a cost would represent a very small percentage 
of overall costs and its exclusion would not change 
the overall conclusion of the analysis. However, 
because of the signifi cant impact of even one hospi-
talisation, the costs associated with the gastrointesti-
nal bleed must be included. 

 Questions 5 and 6 address the actual identifi cation, 
quantifi cation and valuation of resources and costs. 
Resources previously identifi ed as being relevant to 
the analysis have to be collected, measured and 
reported in appropriate units. For example, if blood 
tests are determined to be a resource that is important 
to the analysis, the actual number of each specifi c test 
performed must be recorded (e.g. fi ve complete blood 
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lished literature) are performed in a setting that is 
different from that of the reader emphasises the need 
for transparency in reporting. Readers need to be able 
to assess whether the treatment patterns, the resources 
identifi ed and the unit costs associated with those 
resources are applicable to their setting. Figure  35.2  
provides a simple  ‘ rule of thumb ’  reference as to 
whether a drug could potentially be considered to be 
a cost - effective option in therapy.   

 Drugs that are more (or equally) effective than the 
comparator drug (or service) and which have total 
costs that are either equal to or less than those of the 
comparator drug are generally considered to be a 
cost - effective option. It should be noted that if a drug 
is both more effective and has lower overall costs than 
the comparator, it is said to dominate the alternative. 
Readers should be aware that in cases of dominance 
some study authors will not provide the costeffective-
ness ratio; rather, they will simply state that the com-
parator drug was dominated. 

 This somewhat simplistic explanation becomes 
more complex when we consider drugs that are both 
more effective and more expensive, as is the case with 
many (most?) new therapies. Above or below what 
fi scal threshold are drugs considered cost - effective? 
There is no simple answer to this question because 
funding decisions are often made in response to fi scal 
(budgetary) realities at that point in time, even when 
considering drugs that are deemed to be cost - 
effective. 

conclusions based on some overall index or ratio of 
costs to consequences, and was the index interpreted 
intelligently? Did the study authors provide bench-
marks to aid in the interpretation of the study, and 
was the robustness of the conclusions discussed in 
light of results of the sensitivity and/or statistical 
analyses? Was subgroup analysis undertaken where 
relevant? Were the results compared with those of 
others who have investigated the same question? Were 
the limitations of the study and the generalisability 
of the results discussed? Were other relevant factors 
in the decision to adopt the intervention discussed 
(e.g. distribution, ethics)? And, fi nally, did the authors 
discuss implementation issues? 

 In summary, in a critical assessment of an eco-
nomic analysis, careful attention should be paid to 
the choice of analytical technique, the relevance of 
the comparator and the identifi cation, measurement 
and valuation of resources, ensuring that the latter 
components are relevant to the stated viewpoint of 
the analysis. Published checklists are useful tools that 
aid in the assessment of these analyses.  

Interpreting  cost-effectiveness ratios
 Once the  ‘ validity ’  of an analysis has been deter-
mined, it is up to the reader to decide whether or not 
the drug or service is a cost - effective treatment option 
in their setting. The fact that the majority of eco-
nomic analyses (especially those found in the pub-

Figure 35.2     Assessment of the incremental cost - effectiveness of treatment options.  After  [6]  Drummond M, O ’ Brien B, Stoddart 

G, et al. Methods for the economic evaluation of health care programmes. 3rd edn. Oxford: Oxford Medical Press; 2005.   
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with varying degrees of success. These countries 
include Australia, Canada, the Netherlands and the 
UK. For the purposes of this chapter we have chosen 
to focus on the approaches of the home countries of 
the two authors  –  Canada and the UK. 

Canada
 Formalised guidelines for the conduct and reporting 
of economic analyses have been in place in Canada 
since 1994 when the province of Ontario and the 
Canadian Agency for Drugs and Technologies in 
Health (formerly known as the Canadian Coordinat-
ing Offi ce of Health Technology Assessment) both 
issued guidelines regarding pharmaco - economic 
analyses  [20,21] . As is the case with clinical treatment 
guidelines, these economic guidelines continue to 
evolve over time and have undergone several revi-
sions since their initial issuance. Initially used as guid-
ance for research, their role has expanded to a point 
where all provinces mandate that pharmaceutical 
manufacturers include economic evaluations based 
on the principles set out in these guidelines in their 
drug formulary submissions  [22] . 

 Although economic analyses are not required 
to obtain regulatory approval for pharmaceutical 

 Notwithstanding these issues, attempts have been 
made to identify and quantify acceptability thresh-
olds  [18,19] . Laupacis et al.  [18]  proposed that new 
therapies be classifi ed into one of fi ve grades of rec-
ommendation based on the magnitude of their incre-
mental benefi ts (Table  35.2 ).   

 In summary, the assessment of whether or not a 
drug or therapy is cost - effective is often somewhat 
subjective, depending on the fi nancial burden that 
the decision - maker is willing to assume. These deci-
sions cannot and should not be made in isolation; 
rather, the costs and consequences of the therapy 
under investigation must be considered relative to 
existing usual or gold standard practices.   

Compulsory economic evaluation: 
the ultimate measure 

 The most extreme way of ensuring that economic 
evaluations are undertaken and that the results affect 
service delivery is to make economic appraisal a com-
pulsory part of the process of getting the intervention 
approved for practice/reimbursement. Several coun-
tries have made attempts to achieve this objective, 

Table 35.2    Proposed acceptability threshold 

   Grade     Description of incremental cost - effectiveness ratio     Recommendations  

  A    The new therapy is either equally or more effective and less 

costly than existing therapies (i.e. is dominant)  

  There is compelling evidence for adoption and 

appropriate utilisation of the new therapy  

  Ba    The new therapy is more effective than the existing one and 

costs less than $20,000 per QALY gained  

  There is strong evidence for adoption and 

appropriate utilisation of the new therapy  

  Bb    The new therapy is less effective than the existing one but its 

introduction would save more than $100,000 per QALY gained  

  Ca    The new therapy is more effective than the existing one and 

costs $20,000 – 100,000 per QALY gained  

  There is moderate evidence for adoption and 

appropriate utilisation of the new therapy  

  Cb    The new therapy is less effective than existing one, but its 

introduction would save $20,000 – 100,000 per QALY gained  

  Da    The new therapy is more effective than the existing one and 

costs more than $100,000 per QALY gained  

  There is weak evidence for adoption and 

appropriate utilisation of the new therapy  

  Db    The new therapy is less effective than existing one, but its 

introduction would save less than $20,000 per QALY gained  

  E    The new therapy is less effective than or is as effective as the 

existing therapy and is more costly  

  Compelling evidence for rejection  

   QALY, quality - adjusted life - year.  

  After  [18]  Laupacis A, et al. CMAJ. 1992;146:473 – 81.   
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a clinical advantage over existing products? Is it cost -
 effective? Will it benefi t certain patient groups? 

 Each province sought to answer these questions 
individually, using local expert formulary review 
committees that reviewed the clinical and cost -
 effectiveness evidence and made province - specifi c 
listing recommendations. In an attempt to reduce this 
duplication of effort, federal, provincial and territo-
rial ministers of health (with the exception of the 
province of Quebec) formed an alliance that was 
tasked with solving this issue. The fi nal recommenda-
tion of this alliance was the creation of a single entity 
that would perform these reviews  –  the Common 
Drug Review (CDR) directorate. While the CDR is 
responsible for the review of most new drugs in 
Canada, its mandate does not include oncology prod-
ucts. In 2006, Canada ’ s provincial and territorial 
Premiers directed that work commence on the devel-
opment of a common, streamlined, evidence - based 
oncology drug review process. 

 The CDR was established in March 2002 and for-
mally started accepting drug reimbursement submis-
sions in September 2003. It operates under the 
umbrella of Canada ’ s health technology assessment 
organisation  –  the Canadian Agency for Drugs and 
Technologies in Health. Under the current CDR sub-
mission guidelines, pharmaceutical companies 
wishing to apply for reimbursement by federal, pro-
vincial and territorial drug formularies must submit 
a reimbursement dossier to the CDR. With the excep-
tion of oncology drugs, this mandatory submission 
applies to all new chemical entities (drugs), new com-
bination products and (most recently) to drugs with 
new indications. The submission is evaluated in an 
approximately 6 - month - long process by pharmacists, 
physicians and health economists. Results of these 
evaluations are then reviewed by the (recently 
renamed) Canadian Drug Expert Committee. Based 
on this review, the committee provides a public rec-
ommendation regarding their listing recommenda-
tion for the drug under review. In addition to the  ‘ list 
or do not list recommendation ’ , the committee will 
make recommendations regarding reimbursement 
criteria and/or restrictions. These recommendations 
are then forwarded to each participating drug plan. It 
should be noted that a positive recommendation for 
listing from the CDR does not guarantee formulary 
listing as each province will then make a listing deci-
sion based on their plan ’ s mandate, priorities and 
resources  –  the incremental cost impact on the 
drug formulary is an important component of this 
decision. The health ministers associated with each 

products in Canada, they are required by all of the 
federal and provincial drug formularies and many 
private drug plan insurers as part of their formulary 
decision - making process. The importance of inclu-
sion in a formulary (especially the federal and pro-
vincial drug formularies) to the uptake and utilisation 
of new and existing drugs cannot be overstated. There 
is one basic  ‘ truism ’  that exists in countries such as 
Canada, which is that unless your drug is a so - called 
 ‘ lifestyle ’  drug (i.e. one for which patients are willing 
to pay out of pocket), inclusion on the provincial 
drug formularies (and recently, private insurer drug 
formularies) are essential for its overall (commercial) 
success. This is because most physicians (especially 
general and family practitioners) will not prescribe a 
drug until it is included in their local province ’ s 
formulary. 

 Although the requirement for economic analyses 
may be seen by many to be  ‘ another hurdle ’  used to 
reduce access to new medicines, it should also be 
viewed as a means to demonstrate the value of the 
new medicine. Prior to the requirement for economic 
analyses, the value of a drug was often solely deter-
mined by its potential impact on the decision - maker ’ s 
drug budget. The net result of this method of 
decision - making was the non - reimbursement of 
many highly effective (albeit) expensive drugs. Since 
the introduction of economic requirements, it has 
become harder for formulary decision - makers to 
reject a drug solely because of its acquisition cost and 
potential budgetary impact. 

 Over the last few years, there has been an increasing 
trend for Canadian payers to request economic analy-
ses that examine the cost - effectiveness of new drugs 
in specifi c subgroups of patients. The stated rationale 
for these requests is to limit the reimbursement of 
drugs to specifi c subgroups within a patient popula-
tion in which the drug is considered to be most cost -
 effective. Performing such analyses can be problematic 
if the source of the comparative clinical data was not 
designed with such comparisons in mind (i.e. is not 
powered appropriately). 

Common drug review and pan-Canadian oncology
drug review
 The publicly funded federal, provincial and territorial 
drug formularies in Canada subsidise the cost of pre-
scription drugs for individuals who are eligible for 
coverage under these programmes. With new drugs 
constantly emerging on the market, health policy -
 makers and drug plan managers need clear answers 
to the following questions. Does a new drug provide 
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dures, the NICE website is a useful source of material 
( www.nice.org.uk/ ). Since 2005, when NICE was 
accused of taking too long to appraise products, there 
have been two forms of technology appraisal: single 
technology appraisals and multiple technology 
appraisals. Single technology appraisalswere princi-
pally designed for new products to market, the aim 
being that an assessment of the product would be in 
the public domain within 6 – 13 weeks of licence, thus 
avoiding the  ‘ NICE blight ’  phenomenon that was 
occurring with the multiple technology appraisals. 
The multiple technology appraisals have a much 
longer process and were appearing in public on 
average 18 – 24 months post - launch  [23] . These now 
tend to be reserved for older products, where there 
are more than one treatment available for a condition 
and/or there are concerns over uptake. 

 The scope for the technology appraisals was set out 
in the Department of Health discussion paper  Faster 
Access to Modern Treatment: How NICE Appraisal will 
Work . This document clearly states that it would be 
 ‘ desirable to cover all kinds of clinical intervention on 
an equal basis ’ , and in particular all medicines and 
medical devices; all therapeutic interventions and 
programmes of care; products and processes to diag-
nose and prevent disease and population screening 
programmes. In the discussion paper it is openly 
acknowledged that the principles of technology 
appraisal will be easier to implement in some areas 
than others and the example of the medical devices 
industry, where the evidence base in terms of ran-
domised clinical trials may be more limited, is cited. 
However, this does not fully explain why the vast 
majority of technology appraisals carried out to date 
have been on pharmaceuticals. Ease of undertaking 
an appraisal should not be a requirement for an 
assessment to take place. 

 The selection of a technology for appraisal is 
undertaken by the Department of Health and the 
National Assembly of Wales. This selection is based 
upon one or more of the following criteria  [24] .
1.     Is the technology likely to result in a signifi cant 
health benefi t, taken across the NHS as a whole, if 
given to all patients for whom it is indicated?  
2.     Is the technology likely to result in a signifi cant 
impact on other health - related government policies 
(e.g. reduction in health inequalities)?  
3.     Is the technology likely to have a signifi cant impact 
on NHS resources (fi nancial or other) if given to all 
patients for whom it is indicated?  
4.     Is the institute likely to be able to add value 
by issuing national guidance? For instance, in the 

participating drug plan have publicly committed that 
they will not reimburse a drug that receives a negative 
review from the CDR  –  in other words,  ‘ no means no, 
yes means maybe ’ . 

 To date, less than 50% of the drugs reviewed by the 
CDR have received positive listing recommendations 
and even less have been included on the drug formu-
laries of participating federal, provincial and territo-
rial drug plans. Although surrogate endpoints are 
accepted by regulatory authorities in many therapeu-
tic areas, they are not always accepted by the Cana-
dian Drug Expert Committee. There has been a trend 
over the last couple of years to reject drugs in certain 
therapeutic areas (e.g. hypertension) that do not 
provide evidence of how those surrogate endpoints 
translate into clinically important outcomes. 

 More information about the CDR, including their 
submission requirements and listing recommenda-
tions can be found at  www.cadth.ca/ . 

 From 2007 to mid - 2011, oncology products were 
reviewed under the interim Joint Oncology Review 
process. In June 2011, it was announced that the pan -
 Canadian Oncology Drug Review structure and 
process was in place and that it would start accepting 
reimbursement submissions of oncology products 
for review in the latter part of 2011. 

 More information about the pan - Canadian Oncol-
ogy Drug Review, including their submission require-
ments and listing recommendations can be found at 
 http://www.pcodr.ca/portal/server.pt/community/
home_page/548 .   

The UK
National Institute of Clinical Excellence
 NICE was established as a Special Health Authority 
in April 1999. In establishing NICE, the Labour gov-
ernment hoped to improve standards of patient care 
and reduce inequalities in access to innovative treat-
ments (i.e. postcode prescribing). 

 NICE was to achieve these aims by providing guid-
ance to the NHS on the effectiveness and cost of 
clinical interventions. This would be performed by 
appraising new and existing technologies, developing 
disease - specifi c clinical guidelines and by supporting 
clinical audit. Perhaps unsurprisingly, it is the work 
of NICE in the technology appraisals arena that has 
dominated its work programme since 1999 and gen-
erated the most controversy both within and outside 
the UK. 

 For the purposes of this chapter the focus will be 
on the technology appraisals. However, for details of 
other aspects of the institute ’ s work and their proce-
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to NHS boards and their area drug and therapeutics 
committees across Scotland about the status of all 
newly licensed medicines, all new formulations of 
existing medicines and any major new indications 
for established products. The SMC process (full 
details of which are available on their website  www.
scottishmedicines.org.uk/ ) requires pharmaceutical 
companies to complete a new product submission 
form. The aim is to make a recommendation soon 
after the launch of the product involved. The time 
scales involved usually require a submission to be 
made ahead of product launch. SMC aims to issue 
advice to NHS Scotland on all newly licensed medi-
cines within 12 weeks of products being made avail-
able (SMC website). However, even a positive 
recommendation from SMC does not mean that the 
product will necessarily go on to formularies if other 
equivalent treatments already exist. 

 In 2008, the SMC made a total of 105 assessments 
(including 18 non - submissions). Excluding non -
 submissions, 27 (31%) were  ‘ accepted for use ’ , 31 
(36%) were  ‘ accepted for restricted use ’  and 29 (33%) 
were  ‘ not recommended for use ’   [25] .  

All Wales Medicines Strategy  Group 
 The remit of the All Wales Medicines Strategy Group 
(AWMSG), which was established in 2002, is similar 
to the SMC in that its function is to provide advice 
to the Minister for Health and Social Services (Wales) 
in  ‘ an effective, effi cient and transparent manner on 
strategic medicines management and prescribing ’  
(AWMSG website). It originally only reviewed newly 
licensed medicines that were not being assessed by 
NICE in a limited number of therapy areas (oncology 
or cardiovascular products) and/or cost over  £ 2000 
per patient per year. However, in 2010 the appraisal 
process was extended to all newly licensed medicines, 
with no cost threshold, provided that an assessment 
is not on the intended work programme for NICE 
within the succeeding 12 months  [26] . Further infor-
mation about the AWMSG process can be found on 
their website ( www.wales.nhs.uk/awmsg/ ).    

Conclusions

 We live in an era in which the value of medicines can 
no longer be assumed and the phrase  ‘ evidence - based ’  
is no longer restricted to the realm of academics. The 
increasing fi nancial burden on our health care 
systems has prompted decision - makers around the 

absence of such guidance is there likely to be signifi -
cant controversy over the interpretation or signifi -
cance of the available evidence on clinical and 
cost - effectiveness?    

 Details of both technology appraisal processes can 
be found on the website but, briefl y, when a technol-
ogy appraisal is referred from the Department of 
Health and the National Assembly of Wales all pos-
sible stakeholders are identifi ed (stakeholders can be 
manufacturers, professional bodies and patient 
groups). They are then consulted on the scope of the 
appraisal. An independent review of the published 
literature is commissioned and submissions (both 
written and oral) are received from the stakeholders. 
The appraisal committee considers all this informa-
tion and consults on its provisional views (appraisal 
consultation document) via the institute ’ s website. 
The appraisal committee reconsiders it in the light of 
the comments and produces a fi nal appraisal deter-
mination, which is again placed on the website. Stake-
holders can appeal against it if they consider that the 
institute and the guidance have not fulfi lled a number 
of criteria (details of the appeal process can be found 
on the website). Guidance is fi nally issued direct to 
the NHS. 

 The institute has set out quite clearly the data it 
wishes to see presented in a submission from a stake-
holder. For each of the three main groups of stake-
holders, patient/carer groups, health care professional 
groups, and manufacturers and sponsors, there is a 
separate set of guidelines. These may be accessed via 
the NICE website and should be essential reading for 
all those involved in the preparation of a submission. 

 Since the advent of NICE, evidence about cost -
 effectiveness is formally required to help determine 
whether new interventions should be made available 
at public expense. Currently, not all products are 
assessed by NICE but it is anticipated that in the 
foreseeable future, NICE ’ s remit will be considerably 
extended (particularly if the government ’ s proposals 
around value - based pricing come into effect in 2014). 
Decisions by NICE have major implications for 
future market access for all pharmaceuticals. Eco-
nomic information available at launch can only 
provide initial guidance about value for money. 
Further evidence on cost - effectiveness in real - world 
use will also be required.  

Scottish Medicines Consortium
 The Scottish Medicines Consortium (SMC) was 
established in 2001 with the remit to provide advice 
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world to demand that the pharmaceutical industry 
provide proof of the value of new drugs being intro-
duced into the market. Decision - makers in certain 
countries (e.g. Australia and Canada) have already 
taken this requirement a step further by linking 
reimbursement approval to the provision of such evi-
dence and countries such as the UK appear to be 
heading in the same direction. Therefore, the provi-
sion of well - performed credible analyses is vital for 
the future of present and future pharmaceutical 
products. 

 Most (if not all) companies within the pharmaceu-
tical industry have recognised that such requirements 
are now a permanent part of doing business, and have 
developed internal health economics expertise, both 
on a global (corporate) and on a country - specifi c 
level. It should be noted that because of the multidis-
ciplinary nature of this area of research, pharmaceuti-
cal company - based health economists cannot operate 
in isolation from the other disciplines within the 
company. It is therefore vital that pharmaceutical 
physicians understand the basic principles and evi-
dentiary needs of health economic evaluations in 
order to work with the health economists in the 
development of high - quality analyses.  
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Introduction 

 In June 1941, William Beveridge was commissioned 
by Arthur Greenwood, Minister for Reconstruction 
in Churchill ’ s War Cabinet, to chair the Inter -  Depart-
mental Committee on Social Insurance and Allied 
Services. The Beveridge Report was published in 
December 1942 and by the end of 1944 had sold 
200,000 copies at 2s.0d ( £ 0.10) each and a summary 
version at 3d a copy was also available. From Bev-
eridge ’ s principle of tackling the  ‘ fi ve giants ’  of want, 
disease, ignorance, squalor and idleness evolved the 
White Paper  A National Health Service  in February 
1944. In March 1946, the newly elected Labour gov-
ernment introduced a new NHS bill and White Paper. 
After a stormy passage the National Health Act was 
duly implemented on 5 July 1948. The Labour Min-
ister of Health, Aneurin Bevan, who had steered the 
bill to fruition, described it in October 1948 as  ‘ the 
biggest single experiment in social service that the 
world has ever seen ’ . The objectives of the National 
Health Service (NHS) was to provide care from the 
cradle to the grave of free treatment for all at the 
point of need  [1] . 

 The originators of the NHS believed that there 
existed in the community a pool of untreated disease 

the treatment of which would incur a one - off cost. In 
fact the picture was very different. Treatment of 
chronic disease such as diabetes mellitus was a life -
 long commitment, and intercurrent disease such as 
infection and complications of the disease could 
mean a continuing and escalating cost. This should 
have been anticipated as should the unreasonable 
demands made by the public because treatment was 
free. The increased life expectancy could have been 
predicted, but the appearance of new diseases several 
decades later was unpredictable. 

 The utopian ideal of free care for all was rapidly 
under threat. Hugh Gaitskell, the Labour Chancellor, 
was forced to introduce charges for dental treatment 
(largely dentures) and for spectacles. In 1952, the 
newly elected Conservative government introduced a 
1s.0d ( £ 0.05) charge for NHS medicine prescription 
irrespective of the number of items on the script. 

 The NHS, set up in 1948, achieved its 60th anni-
versary in 2008. What cost  £ 276 million in its fi rst 
year of operation cost  £ 90 billion in 2008, and its cost 
continues to rise. Since its inception there has been a 
dilemma expressed by Enoch Powell as the impossi-
bility  ‘ to reconcile the combination of unlimited 
demand and limited resources provided free ’ . Powell 
moved much of the funding of the NHS from general 
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is fi nanced primarily out of taxation and is available 
to all permanent residents. Most people are registered 
with a general medical practitioner (under contract 
with the NHS and paid mainly on a capitation basis), 
who provides primary care and is the normal route of 
referral to hospital and specialist services, whether in 
the NHS or the private sector. A small minority of the 
population obtain some or all of their medical treat-
ment privately, mainly through insurance schemes. 

 As part of primary care, general practitioners 
(GPs) are free to prescribe virtually any medicine they 
consider desirable for the patient, with the exception 
of medicines in certain therapeutic categories covered 
by the 1985 and 1992 Selected List restrictions (see 
below). 

 In some, mainly rural, areas the doctor may also 
dispense the medicines prescribed, but more usually 
the patient takes the prescription to a community 
pharmacist, also under contract with the NHS, who 
dispenses the medicines and claims reimbursement at 
predetermined rates. Unless they are exempt, patients 
pay a prescription charge at the time of dispensing. 

 From April 1985, within certain therapeutic cate-
gories, GPs have been restricted in the medicines they 
may prescribe under the NHS to those included in a 
limited list. The excluded medicines are generally 
those that can be purchased directly by the patient 
without a prescription (i.e. minor analgesics), but 
also include some prescription items, such as benzo-
diazepine sedatives and tranquillisers. The principle 
underlying this economy measure is that, in theory, 
for the therapeutic categories concerned, the only 
medicines prescribable at NHS expense should be 
those that meet a real clinical need at the lowest cost. 
The list will remain under review by an expert advi-
sory committee, the Advisory Committee on National 
Health Services Drugs. For medicines no longer avail-
able under the NHS but for which a prescription is 
necessary, it is open to the doctor to prescribe these 
and to the patient to pay for them privately. These 
measures have, for all practical purposes, introduced 
a  ‘ need clause ’  into the UK drug regulations. 

 The prescribing practices of GPs are monitored. 
After dispensing, the prescriptions are sent to one 
central point for authorisation of reimbursement, 
and thus it is possible to analyse each practitioner ’ s 
prescribing habits and costs. A summary is sent to 
each practitioner, together with a note of the area and 
national averages. If a practitioner ’ s costs are signifi -
cantly different from the average this may be dis-
cussed with him or her by a doctor from the Regional 
Medical Service of the Department of Health (DH).  

taxation on to National Insurance contributions 
which were greatly increased. As these contributions 
are levied at a fi xed rate this move cost the lower paid 
a greater proportion of their income. Powell also 
increased the prescription charge to 2s.0d ( £ 0.10) 
per item. 

 Any move to change the principle of a service free 
at the point of need is one of great political sensitivity. 
As Nigel Lawson, a former Conservative Chancellor, 
expressed it, the NHS is  ‘ the nearest thing the English 
have to a religion ’ . Sir Derek Wanless argued in 2001 
 [2]  that continuing to fund the health service through 
general taxation was the most cost - effective and 
fairest system for the future. 

 The medicines bill forms about  £ 10 billion of the 
annual NHS expenditure. However, it is a component 
that, unlike other components of expenditure such as 
salaries and energy costs which escalate regularly, is 
capable of being squeezed. 

 The Medicines Act 1968 provided the grounds for 
assessment of new products applying for marketing 
approval or product licence as quality, safety and effi -
cacy. The Act did not provide any scope for consid-
eration of comparative effi cacy, therapeutic need or 
cost. The European Directives 65/65, 75/318 and 
75/319 similarly set the grounds of assessment for 
marketing approval as quality, safety and effi cacy. 
Griffi n and Diggle  [3]  surveyed all product licences 
granted in the UK for the 10 - year period from the 
implementation of the Medicines Act on 1 September 
1971 to 1 September 1981. There were 4296 product 
licences granted, of which 3665 products were cur-
rently marketed. Of these only 204 new chemical 
entities were involved and of these only 12 could be 
regarded as  ‘ new therapeutic concepts ’ . It was inevita-
ble that debate should centre on whether there was a 
therapeutic need for some of these products and 
whether a  ‘ need clause ’  should be introduced. Griffi n 
 [4]  drew attention to the fact that at the time of 
introduction not all the therapeutic potential of a 
new chemical entity had been revealed. As an extreme 
case, even for thalidomide new indications had been 
cited in the literature (e.g. 1. reactional lepromatous 
leprosy (lepra reactions); 2. Beh ç et ’ s syndrome; 3. 
severe cold agglutination disease; 4. bone marrow 
transplantation; 5. prurigo nodularis). It was consid-
ered that a  ‘ need clause ’  rather than producing savings 
to the NHS drug bill might create monopolies. 

 In the UK, prescriptions are required for all medi-
cines supplied under the NHS and for all prescription 
only medicines. Prescriptions may only be written by 
a doctor or dentist registered in the UK. The UK NHS 
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maceuticals has been hovering at about 10% of the 
total, it has been the target of successive governments 
for savings. This is because health spending is made 
up of 70% fi xed costs, which are diffi cult to change, 
and 30% variable costs. Pharmaceutical expenditure 
has historically been around one - third of the variable 
cost element and as such has been judged to be an 
obvious target for reduction and control. However, 
there has been some increase in the proportion of the 
NHS budget spent on medicines, from 10.5% in 1990 
to some 12% in 1998. Although there has been a 
signifi cant increase in the average net ingredient cost 
of each prescription, the major cause of the rise has 
been an increase in the annual number of prescrip-
tions, from some 500 million to 750 million for the 
UK over the last 10 years ( OHE Compendium of 
Health Statistics 2004 – 2005 , 16th edition). Much of 
this increase has been because of the demands of an 
ageing population. 

 The methods used to control NHS medicines 
expenditure have been on both the supply side, by 
attempting to reduce costs, and the demand side, by 
attempting to restrict volume. The 10 distinct meas-
ures taken by successive UK governments since 1948 
to attempt to do this are reviewed in chronological 
order.  

Prescription  charges for 
NHS medicines

 Prescription charges were fi rst introduced in the UK 
in 1952. Charges are collected by the pharmacist 
when a doctor ’ s prescription is dispensed. The money 
collected is not offset against the cost of the medicines 
prescribed but is allocated to the cost of running the 
pharmaceutical services. (The prescription charges 
levied in 1994 funded only 6% of the cost of phar-
maceutical services.) Prescription charges should 
therefore be regarded as a revenue - raising exercise 
rather than a genuine co - payment for medicines 
dispensed. 

 In 1948, when the NHS was established by the then 
Minister of Health, Aneurin Bevan, during the 
Labour government of Clement Attlee, all prescrip-
tions were supplied free of charge. A charge of 1s 0d 
( £ 0.05) per prescription, irrespective of the number 
of items, was eventually introduced in 1952. Shortly 
after this the charge was changed to 1s 0d ( £ 0.05) per 
item on the prescription  [2,5] . 

 For a short period between 1965 and 1968, 
under the Labour government of Harold Wilson, 

NHS and  Community Care  Act 1990 

 Until 1 April 1991, the key features for the procure-
ment of medicines in the Family Practitioner (GP) 
Service (FPS) were as follows. GPs were independent 
contractors to the Family Practitioner Committees 
(FPCs) with freedom to prescribe without cash con-
straints. The FPCs reported directly to the DH and 
were responsible for paying GPs for the provision of 
primary health services. A small group of Regional 
Medical Services Offi cers reported directly to the DH 
and were responsible for ensuring economical pre-
scribing of medicines by GPs. The non - dispensing 
GP was not involved in the procurement of medi-
cines. The pharmacist bought and dispensed the 
product and was reimbursed by the Prescription 
Pricing Authority (PPA) on behalf of FPCs. The 
Regional Health Authority (RHA) had responsibility 
for the FPS. 

 Under the system introduced by the NHS and 
Community Care Act 1990, the government set an 
overall budget for GP prescribing, putting a cash 
restraint on the FPS medicines bill for the fi rst time. 
The RHAs took over responsibility for the FPCs. Each 
RHA received a share of the overall drug budget and 
was responsible for allocating the budget to the newly 
named Family Health Service Authority (FHSA, for-
merly FPC). The FHSA set indicative amounts for 
medicines for each GP and was responsible for moni-
toring GPs ’  prescribing against that set amount. 

 In these circumstances, the main concern of FHSAs 
was to stay within their budget. They had little incen-
tive to tackle the problem of under - prescribing, 
whereby GPs could give better patient care by spend-
ing more on medicines. Medical audit and FHSA 
visits were likely to be directed at high - spending prac-
tices rather than low - spending ones. After all, it must 
be borne in mind that one of the declared objectives 
of the original White Paper  Working for Patients  was 
to exert  ‘ downward pressure ’  on the NHS medicines 
bill. This Act operated in tandem with the other 
measures that have been taken since the inception 
of the NHS in 1948 to control NHS medicines 
expenditure.  

Problem of the  rising NHS
medicines bill

 The costs of health care are rising in all developed 
countries, and despite the fact that in the UK since 
the inception of the NHS in 1948, the cost of phar-



710 Chapter 36 

government has attempted to use this tax to raise 
revenue and as an unsuccessful deterrent to patients 
demanding a prescription at each visit to their doctor. 
Because about 85% of prescriptions are exempt from 
charge, this latter objective has been deemed to be 
ineffective. This has been largely due to high levels of 
unemployment  –  at times in excess of 3 million  –  
during this period, which has also meant that the 
unemployed and their families have been exempt 
from prescription charges. In addition, unemploy-
ment also contributes to or is associated with ill 
health and demands for health care  [6] . 

 In October 1995, the European Court of Justice in 
Luxembourg ruled on equal treatment for men and 
women regarding the age at which they should be 
exempted from paying an NHS prescription charge. 
Until then the exemption from the prescription 
charge had been linked to the state pensionable age 
of 60 years for women and 65 for men. Men are now 
exempt from the age of 60, at an estimated cost of  £ 30 
million per year in 1995 for lowering the age and  £ 10 
million for refunds for those men between 60 and 65 
years who had paid for a prescription in the preceding 
3 months  [8] . 

 Another criticism of the current level of prescrip-
tion charges is that in 1994 nearly 60% of prescribed 
medicines could either be purchased from a pharma-
cist for less than the prescription charge, or had a net 
ingredient cost less than the prescription charge. 

 Both physicians and economists have called for 
reform of the prescription charge exemptions for 
both social and medical conditions  [9 – 11] . It has 
been pointed out that if the exemptions were reduced 
from 89% to 55%  –  the level that applied when they 
were fi rst introduced  –  and the charge actually 
reduced to  £ 2.50 per item, then  £ 250 million per 
annum extra would have been collected at the 1995 
prescribing level of 500 million items per year  [9] . 
Changes in the current system would not only have 
to be logical but politically acceptable, and there is no 
indication that the political will to introduce changes 
is growing. Rationalisation of the exemptions from 
prescription charges and a variation of the current 
season ticket scheme linked to annual registration 
with a general practice have been proposed  [9,10] . 

Prescription  costs as of 1 March 2013 
     •      The current UK prescription charge per item is 
 £ 7.85 ( £ 15.30 per pair of elastic hosiery).  
   •      A 3 - monthly prescription prepayment certifi cate 
(PPC) is  £ 29.10. This saves you money if four or more 
items are needed in 3 months.  

prescription charges were abolished. In 1968, however, 
charges were reintroduced and the concept of exemp-
tions was introduced. 

 In 1971, when the prescription charge was  £ 0.20, 
the proportion of prescriptions that were exempted 
was 52% of the total; of these, 32% were for the 
elderly (men over 65 and women over 60 years) and 
20% were for non - age - related reasons. In 1995, 89% 
of prescriptions were exempt from charge, 45% on 
grounds of age, which means that 44% of prescrip-
tions were exempt from charge for non - age - related 
reasons. The list of grounds for exemption from a 
prescription charge in the UK is extensive. The social 
grounds are low income, children below the age of 16 
years, people in full - time education up to 19 years of 
age, pregnant women and women in the puerperium 
following either a live or still birth, old age (women 
over 60, men over 65 years, but since October 1995 
men over 60) and war pensioners  [6,7] . In addition, 
for social policy reasons, since July 1975 prescriptions 
for oral contraceptives have also been exempt from 
charges. The medical grounds for exemption from 
prescription charge are diabetes mellitus, diabetes 
insipidus, hypopituitarism, hypothyroidism, hy -
poparathyroidism, hypoadrenalism, myaesthenia 
gravis, epilepsy and permanent fi stula (e.g. colos-
tomy, ileostomy). In addition, police personnel can 
claim back from their employing authority any pre-
scription charge they incur. 

 There are illogicalities in the system, as a patient 
who is exempt from paying a prescription charge gets 
all medicines free, even if the prescription is for the 
treatment of an illness unrelated to the medical con-
dition for which the exemption has been allowed  –  
for example, a millionaire with diabetes mellitus 
would be exempt from a prescription charge for a 
bottle of aspirin, whereas a parent with a chronic 
medical condition not on the exemption list would 
have to pay a charge for medicines prescribed for his 
or her chronic condition, such as rheumatoid arthri-
tis, parkinsonism or hypertension. (This can to some 
extent be mitigated by purchase of an annual pre-
scription season ticket, which for a fl at sum covers the 
cost of all prescription charges for medicines and 
devices for the ensuing 12 months.) 

 In the 34 years from 1979 to 2013, there were 
annual increases in the prescription charge, from 
 £ 0.20 per item to  £ 7.85 per item. (In Wales, the Welsh 
Assembly abolished the prescription charge which 
still continued to be levied in England, Scotland and 
Northern Ireland. However, in 2011 the Scottish Par-
liament also abolished prescription charges.) The 
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PPRS, which is in accordance with the provisions of 
the Health Act 1999 Section 33, leaves no room for 
uncertainty. It changes the status of the PPRS and 
makes it more formulaic  [13] . 

 The scheme applies to all companies supplying 
NHS medicines prescribed by medical or dental prac-
titioners or nurses qualifi ed to prescribe. Generic 
medicines, whose price is determined by the Drug 
Tariff, are excluded, as are the over - the - counter 
(OTC) medicines, and sales of medicines derived 
from private (non - NHS) prescriptions. 

Annual fi nancial  returns
 Each company with sales to the NHS of more than  £ 1 
million per annum has to supply fi nancial informa-
tion and those with sales of between  £ 1 million and 
 £ 25 million have to supply full audited accounts. 
Companies with NHS sales greater than  £ 25 million 
have to submit a full annual fi nancial return (AFR). 
Products with NHS sales of greater than  £ 100,000 
and  £ 500,000 have to be specifi cally identifi ed. These 
annual returns cover the overall sales to the NHS and 
the costs incurred, such as research and development 
expenditure, manufacturing costs, general adminis-
trative costs, promotional expenditure and capital 
employed. (Details of specifi c produce costs or sales 
are not required.)  

Profi tability 
 The reasonableness of the maximum return on 
capital (ROC) earned by individual companies on 
home sales of NHS medicines is a matter for negotia-
tion within a published range of 17% for level 1 and 
21% for level 2, having regard to the nature and scale 
of the company ’ s relevant investment and activities, 
and associated long - term risks.  

Margin of  tolerance 
 The allowable returns on capital will be associated 
with a margin of tolerance (MOT). Companies will 
be able to retain profi ts of up to 140% of the level 2 
(21%) ROC target calculated by reference to level 2 
allowances. Companies will not be granted price 
increases unless they are forecasting profi ts less than 
50% of their level 1 (17%) ROC target calculated by 
reference to the level 1 allowances. 

 The MOT will not be available to a scheme member 
for any year in which it has had a price increase agreed 
by the DH. Where a scheme member exceeds its level 
1 target profi t for a year in which it has received a 
price increase, all profi ts above the level 1 target will 
be repayable. Where a price increase is agreed by the 

   •      A 12 - month certifi cate costs  £ 104.00 and saves 
money if 15 or more items are needed in 12 months.  
   •      PPCs are available in England and can reduce mul-
tiple prescription costs to the patient.    
 PPCs are available by 10 monthly direct debit install-
ment payments. PPCs allow anyone to obtain all the 
prescriptions they need for  £ 2 per week. 

 In conclusion, charges for NHS prescriptions 
should be regarded as a tax rather than co - payment 
for the medicines prescribed. They have been ineffi -
cient as a deterrent on the demand side owing to the 
high level of exemptions. The application of the prin-
ciple of exemption has led to legal action before the 
European courts on grounds of sex discrimination. 
Furthermore, a potential for a legal challenge exists 
on the grounds of social inequities and unfairness in 
selecting certain illnesses as worthy of exemption but 
not others, and has been considered by patient pres-
sure groups.The decisions of the Welsh Assembly and 
Scottish Parliament will in the long term undoubt-
edly be shown to be politically astute.   

Pharmaceutical Price
Regulation Scheme

 The prices of medicines sold to the NHS are control-
led in the UK by the Pharmaceutical Price Regulation 
Scheme (PPRS)  [11,12] , negotiated periodically every 
5 – 6 years by the DH with the Association of the 
British Pharmaceutical Industry (ABPI), for example 
in 1979, 1986, 1993 and 1999. The PPRS controls the 
maximum  –  but not guaranteed  –  profi ts that phar-
maceutical companies make on the capital they have 
invested in plant for research, development and man-
ufacturing for sales made to the NHS. (Capital 
employed by the individual companies is allocated 
between that devoted to NHS sales and that for non -
 NHS sales and exports.) 

 The scheme was proposed in 1957, in an attempt 
by the pharmaceutical industry to stave off more dra-
conian measures by the government of the day. It was 
known as the Voluntary Price Regulation Scheme but 
was neither voluntary nor a price regulation scheme. 
It was a profi t regulation scheme. By the mid - 1970s 
its name had been changed to the PPRS, but it still 
retained a level of inaccuracy even until the 1993 
agreement. However, the most recent negotiation 
between the DH and ABPI in 1999 was in effect no 
longer a voluntary agreement because of the statutory 
powers and penalties behind it. This leaves a lot less 
room for negotiation and fl exibility. The 1999 – 2004 
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share to the UK. Thus, the asset base on which target 
UK profi t is computed is reduced. At the same time, 
an increased proportion of exports will allocate an 
increased proportion of annual fi xed manufacturing 
overheads to export sales and hence a reduced pro-
portion to UK NHS sales. The effect of this will be to 
reduce the cost of sales charged to the UK, with a 
consequent increase in profi t. 

 The effect of these two factors constitutes a double 
disadvantage for any company wishing to increase its 
proportion of exports, as its UK NHS asset base is 
reduced and at the same time its national UK profi ts 
are increased. For a company below its target rate of 
return this will reduce the price increase it can apply 
for, and if it is over its target return it will increase 
the amount it pays back to the DH or the amount by 
which it will have to reduce prices. This disincentive 
is particularly relevant for large tender business 
where multinationals typically have several manufac-
turing sources they can consider. Increasingly, they 
are placing the business in countries where the impact 
of the domestic market is either cost neutral or has a 
cost - positive impact. The export disincentive is 
becoming increasingly relevant in the context of the 
single European market, where the number of manu-
facturing facilities is being reduced by many multina-
tionals and those that remain acquire substantial 
export business within the Community. 

 Under the most recent revision of the PPRS, the 
DH will allocate 7.5% of the net value of each com-
pany ’ s non - research and development fi xed assets 
and its manufacturing infrastructure costs to its NHS 
sales before the balance is apportioned between home 
and export sales  [14] .  

Pricing of major new products 
 New products introduced following a major applica-
tion for a product licence from the UK Licensing 
Authority may be priced at the discretion of the 
company on entering the market. This will have to 
take account of costs of research and development 
and the competition in the marketplace.  

Promotional  expenditure 
 Allocated expenditure by companies on product pro-
motion is limited. The aggregate sales promotional 
allowance will be set as a percentage of total industry 
NHS sales. The distribution of the aggregate between 
individual companies is made on the basis of a 
formula agreed between the DH and ABPI, for 
example, in the 1999 agreement promotional expend-
iture was allocated between three component parts.

DH in the second half of a year, the DH may decide 
that the MOT will not be available to a scheme 
member for the year following the increase. 

 If the DH ’ s assessment of an AFR shows profi ts in 
excess of the MOT, it will negotiate one or more of 
the following.
    •      Price reductions, during the accounting year fol-
lowing that covered by the return, to bring prospec-
tive profi ts down to an acceptable level, on the basis 
of available forecasts.  
   •      Repayments of that amount of past profi ts that is 
agreed to exceed the MOT.  
   •      A delay or restriction of price increases agreed for 
the company, or both.     

Profi tability of  companies with 
small capital base in UK
 Prior to 1999, PPRS companies with a negligible 
capital base in the UK had their profi ts assessed on a 
return on sales basis, which ranged from 3.75 to 
4.25%. Scheme members will now be able to include 
capital employed in their AFR on the basis of its 
inclusion in UK statutory accounts, by injection or by 
imputation in the transfer price. This will enable 
some companies that have been assessed as return on 
sales companies under the 1993 scheme to be assessed 
as ROC companies under this agreement. 

 Alternatively, for scheme members whose AFR 
home sales exceed their average assessed home capital 
employed (excluding any capital imputation from the 
transfer price) by a factor of 3.5 or more, a target rate 
of profi t will be set by dividing the ROC target rate 
by a factor of 3.5. The assessment of the returns of 
scheme members who elect for the return on sales 
option will take account of the MOT on transfer price 
profi t. 

 These changes in the 1999 PPRS have been intro-
duced to enable the DH to control transfer pricing 
arrangements, which the ABPI has long resisted.  

Export disincentive
 Profi ts allowed on sales of prescription medicines in 
the UK are limited to a target return on assets related 
to UK sales. Manufacturing assets used for NHS 
products are normally allocated between home sales 
to the NHS and exports pro rata to cost of sales. Costs 
must be computed on a fully allocated basis (i.e. over-
heads are spread on a consistent basis between home 
and export products). 

 The effect of an increased proportion of exports is 
to allocate an increased proportion of the manufac-
turing assets to exports and, by defi nition, a reduced 
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Assessment of the PPRS
 The weaknesses of the PPRS are clear from the above 
outline. These are, fi rst, the export disincentive, which 
discourages pharmaceutical companies from sourc-
ing export orders from UK manufacturing sites, so 
that multinationals with several alternative sourcing 
arrangements will avoid using the UK. This is clearly 
disadvantageous for both jobs and UK balance of 
payments. 

 The promotional formula and the capping of 
allowable promotional expenses operate in favour of 
the pharmaceutical companies with large existing 
sales to the NHS, and to the disadvantage of small 
companies or companies wishing to start up business 
in the UK. 

 The cap on allowable research and development 
costs to 20% of NHS sales is a disincentive to con-
ducting research in the UK at levels above this. Small 
and middle - sized companies are penalised more than 
the pharmaceutical giants by this provision. It also 
favours companies who have products in patent being 
sold to the NHS  ‘ but whose current pipeline may be 
weak, no fi nancial provision is made to encourage 
companies with a strong pipeline to bring them 
forward more effectively other than an offer of  “ jam 
tomorrow ”     ’ . The position of companies marketing 
 ‘ in - patent ’  products that have been licensed from 
other companies rather than their own research is 
unclear. 

 A number of non - UK European - based companies 
have criticised the rate of ROC on the basis that it 
favours companies with a large capital base in the UK 
and could therefore be regarded as an incentive to 
invest in the UK, which is contrary to European 
Union legislation. The same group of companies have 
regarded the PPRS as discriminatory, as companies 
with a signifi cant capital investment in the UK have 
their profi ts determined as return on capital base, 
whereas others that have a large investment in the 
European Union as a whole may operate in the UK 
as sales companies only. In this situation, these com-
panies are treated on a percentage profi t on sales, 
which are less favourable terms. Some US - owned 
companies with large UK operations have been par-
ticularly vociferous in their criticism of the PPRS. 

 In terms of curtailing NHS expenditure on medi-
cines, the effectiveness of the PPRS is more diffi cult 
to assess: it has the power to restrict price increases 
and  ‘ claw back ’  excess profi ts, and the opportunities 
for the DH to enforce these powers has been increased 
in the 1999 revision of the PPRS. The amount of 
money  ‘ clawed back ’  from companies each year has 

1.     Basic allowance of  £ 464,000 per company.  
2.     A percentage of NHS sales allowance of 3% for 
level 1 and 6% for level 2.  
3.     An individual product servicing allowance of 
 £ 58,000 for three products,  £ 46,000 for a further three 
products,  £ 35,000 for a further three products and a 
 £ 23,000 allowance for the 10th and subsequent prod-
ucts. These allowances only apply to products with 
NHS sales greater than  £ 100,000 per annum. These 
fi gures, agreed in October 1999, are subject to adjust-
ment based on level of infl ation.     

Research and  development expenditure 
 Under the 1999 revision of the PPRS, each company ’ s 
research and development expenditure allowance will 
be 20% (level 2) of the company ’ s sales to the NHS 
for assessing profi tability under the scheme [however, 
a maximum of 17% (level 1) will be allowed for 
assessing applications from companies seeking a price 
increase]. 

 For a maximum of 12 in - patent active substances, 
each with an individual sales level to the NHS of 
 £ 500,000 or more, a company will be able to add 
0.25% of total NHS turnover to their PPRS research 
and development allowance for each such active sub-
stance. Thus, a company could achieve a maximum 
allowance of 23% of NHS sales as its research and 
development allowance  [15] .  

2004 revision of the PPRS
 In the summer of 2004 it was variously but widely 
rumoured that the pharmaceutical industry was 
facing a 6% price cut, or a 10% price cut phased over 
10 years, or a 6% price cut over 2 years. In November 
2004, when the details of the revised PPRS were 
announced for companies with sales to the NHS of 
over  £ 10 million per annum there was to be a 7.0% 
price cut. The price cuts were graded so that smaller 
companies with annual turnover of less than  £ 1 
million were exempt from price cuts, those with an 
annual turnover of under  £ 3.5 million had a 3.5% 
price cut enforced. Companies with annual turnover 
of under  £ 9 million had to cut prices by 6.3%. The 
threshold at which companies had to submit AFRs 
was increased from  £ 1 million to  £ 5 million annual 
sale of goods to the NHS. The allowable research and 
development allowance was increased by 5%. 

 The 2004 revision of the PPRS continued to allow 
companies launching a product that has been the 
subject of a major application for a marketing 
authorisation to be priced at the discretion of the 
company. This freedom is cherished by the industry.  
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employed to make higher profi ts under the PPRS. If 
economic effi ciency were to be maximised, and 
minimal levels of capital were employed in producing 
existing drugs, this capital could be employed else-
where, such as the development of new drugs. 
Another concern was that the PPRS favours compa-
nies with investments in the UK. This, according to 
Beale and Chard, is discriminatory, who refer to 
various US pharmaceutical companies who have 
expressed a view that the PPRS should be scrapped. 
Beale and Chard reported that the OFT had informed 
them that their fi nal report would not be available 
before the end of 2006. 

 In February 2007 the OFT published its report 
into the PPRS which recommended that the scheme 
should be reformed. The OFT concluded that the 
pricing system should have a more value - based 
approach in order to deliver greater benefi t to patients 
and reform could deliver better value for money for 
the NHS. A more value - based approach would also 
ensure that the production of clinically and cost -
 effective innovative products would be properly 
 ‘ incentivised and rewarded ’ . 

 The government advised the ABPI in July 2007 of 
its intention to start renegotiations of the PPRS with 
a view of reaching agreement of a new voluntary 
scheme to start as early as possible in 2008. 

 In August 2007, the Department for Business 
Enterprise and Regulatory Reform published  Interim 
Government Response to Offi ce of Fair Trading (OFT) 
market study on PPRS   [18] . This response picked 
up on the OFT recommendation that:  ‘ Govern -
ment should reform the PPRS, replacing current 
profi t and price controls with a value based approach 
to pricing. ’  One major statement in this response 
was that 83% of prescriptions in 2007 were written 
generically as opposed to 51% in 1994, and this indi-
cated a government commitment to cost - effective 
prescribing. 

 On 2 August 2007 it was publically announced that 
the Secretary of State for Health had decided that it 
was timely to enter into dialogue with industry to 
renegotiate the PPRS. A number of letters in the 
British Medical Journal  reacted to the OFT recom-
mendation of a shift to a  ‘ value - based approach 
to pricing ’ . Timmins  [19]  stated  ‘ a value - based ’  
scheme would allow higher prices for drugs that were 
more effective  –  a move the OFT argued would stim-
ulate innovation. Burnand  [20] , of the BioIndustry 
Association, reacted to the proposal of the OFT, 
stating,  ‘ Its proposals for introducing a value based 
system of drug pricing are inherently fl awed and, if 

been insignifi cant in the past compared to the overall 
medicines expenditure, but this will change. 

 In general, the pharmaceutical industry would 
regard the freedom to price new products without 
awaiting the outcome of protracted negotiations  –  
which can delay marketing for months or even years 
in some European Union countries  –  as a major 
advantage that counterbalances the system ’ s many 
faults. This freedom was maintained in the 1999 revi-
sion of the PPRS. In a recent assessment of various 
pricing and profi t cost containment schemes, Scherer 
 [16]  and  Prescription Pricing Authority Annual Reports 
1994 – 1995   [6]  make the point that most such schemes 
are a disincentives for innovation. This view of the 
PPRS is less unfavourable:

  less impairment of such incentives would be expected with 

a system such as that used in Great Britain under which drug 

companies are allowed a generous profi t rate of return on 

their assets, including capitalised research and development 

investments, even that system, however, bases the results 

against smaller but innovative drug companies.    . . .    Achiev-

ing the best trade - off between technological progress and the 

affordability of drugs remains a challenging goal.     

Offi ce of  Fair Trading  report on 
PPRS and  its consequences

 After the 2004 revision of the PPRS, intended to 
become operative in 2005 and extend up to 2010, a 
considerable outpouring of criticism of the scheme 
began to appear. In December 2005, Beale and Chard 
(lawyers with Burgess Salmon, a Bristol law fi rm) 
 [17] , in a review entitled  ‘ Is the PPRS anti -
 competitive? ’ , cited views gleaned from discussion 
with the Offi ce of Fair Trading (OFT) who started an 
investigation into the PPRS in the autumn of 2005 
with a view of producing a report by the end of 2006. 
The OFT were stated to be concerned that govern-
ment procurement activities in this area in the form 
of the PPRS might have a negative impact on com-
petition. This is related to the fact that the pharma-
ceutical market is characterised by a small number of 
very large companies from whom the government, 
through the NHS, makes a high proportion of gov-
ernment purchases. The OFT were stated to be con-
cerned that under the 2004 PPRS, companies were 
allowed to generate profi ts from sales to the NHS of 
up to 21% of capital employed. The basic economic 
concern was that this measure encouraged ineffi -
ciency by allowing those companies with more capital 
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medicines will be limited to a maximum price of 1.5 
times the reimbursement price of the equivalent 
generic medicine as set out in Category M of the 
Drug Tariff. The prices of all products that lose patent 
protection after 1 January 2009 and for which there 
is a generic equivalent will also be limited to a 
maximum level that is 1.5 times the reimbursement 
price of the equivalent generic.  
   •      Discounts .      Traditionally, manufacturers of branded 
medicines offer discounts to wholesalers. The pro-
posed price controls should take account of these 
discounts lest the value of price cut be jeopardised by 
reductions in discounts.  
   •      New products .      The government proposes that there 
should be controls on the maximum price of new 
products. New products that are new active sub-
stances would have freedom of pricing on entering 
the market. The Secretary of State for Health will be 
able to set the maximum price for products that are 
not new active substances.    

 The consultation document stated that the govern-
ment would prefer to reach agreement on a voluntary 
scheme, but if it appears that a voluntary scheme 
would not be in place by 1 September 2008 the above 
statutory measures would replace the current PPRS. 
If agreement on a voluntary scheme were to be 
reached, the statutory scheme would still be intro-
duced so that it could be applied to any company that 
did not sign up to the new PPRS agreement. 

 On 19 July 2008 the DH published Statutory 
Instrument 2008 No 1938 which made regulations in 
exercise of powers in Sections 261(7), 262(1), 263 –
 265, 266(1 – 2) and 272(7 – 8) of the National Health 
Service Act 2006(a). Essentially, the Statutory Instru-
ment ’ s content mirrored the Consultation Docu-
ment. Under the entry Enforcement Section 6(1) 
there is the following statement:  ‘ a price in excess of 
the maximum permitted by these Regulations shall 
be liable, on the demand of the Secretary of State, to 
pay him a recoverable sum calculated under the 
Schedule to these Regulations ’ . The schedule lays 
down escalating demands for the fi rst, second and up 
to the fi fth contravention.  

2009 Pharmaceutical Price
Regulation Scheme

 In a joint letter from the DH and the ABPI written 
on 19 November 2008 and a DH press release  [13] , 
the terms of the renegotiated PPRS were announced. 
The new PPRS was to commence on 1 January 2009. 

implemented, would lead to signifi cant erosion of 
biopharmaceutical investment in the UK. ’  Messori 
 [21] , from the Laboratory of Pharmacoeconomics 
based in Italy, stated that,  ‘ From an ethical point of 
view, it is bad to use systems not based on clinical 
benefi t ’  (such as the PPRS). Furniss  [22] , a former 
head of the PPRS Branch of the Department of 
Health, wrote,  ‘ The PPRS is rooted in the past and 
fails to deliver its stated objectives and to refl ect the 
realities of the modern NHS and the modern phar-
maceutical industry. ’  Furniss goes on to state  ‘ the case 
for fundamental reform is now unanswerable ’ . All 
these letters express an inherent dislike for the PPRS 
but fail to advance any real positive solutions. Furniss 
had plenty of opportunity to suggest changes while 
in his previous position at the Department of Health, 
but it is easier to criticise the PPRS for its obvious 
shortcomings than to create a viable and robust 
alternative. 

 On 29 February 2008, the DH gave 6 months ’  
notice to the ABPI and to PPRS scheme members in 
accordance with paragraph 5.1 of the 2004 PPRS 
negotiated scheme to terminate the current agree-
ment. [Giving 6 months ’  notice to terminate the 
agreed scheme was necessary as a result of a High 
Court ruling in June 2007 that the PPRS was a con-
tract. Previously it had been possible to terminate the 
PPRS agreements by mutual consent when agreement 
on a new or revised scheme had been reached (on the 
earlier assumption it was a non - contractual scheme)]. 
Therefore, the 2004 PPRS terminated on 31 August 
2008. Without any control on the price of medicines 
companies would after this date have been free to 
increase prices, the DH argued. Therefore, the DH 
published on 18 June 2008  Consultation on a Statu-
tory Scheme to Control the Prices of Branded Medicines
 [23] . These proposals can be summarised as follows.
    •      Price freeze .      Subject to specifi c exceptions, no price 
increases will be permitted from 1 September 2008 
and maximum prices will in effect be frozen at the 
reference price. The reference price is the NHS list 
price on 29 February 2008, the day that the DH gave 
6 months ’  notice of the termination of the 220 PPRS. 
For medicines placed on the market after 29 February, 
the reference price is the NHS list price on 31 August 
2008. Freezing prices would not allow modulation, as 
occurs under the earlier voluntary scheme.  
   •      Price cut .      The government proposes to introduce a 
price cut of 3.9% from 1 January 2009 on all medi-
cines covered by the new PPRS agreement.  
   •      Price fi xing .      From 1 January 2009 where there is an 
equivalent generic, the price of out - of - patent branded 
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Value -based pricing and the 
future of  PPRS

 The Cameron coalition government has indicated 
that it intends in 2014 to introduce value - based 
pricing  [24] ; this will undoubtedly have considerable 
implications for the future shape of the PPRS. The 
nature and implementation of value - based pricing is 
rather an unknown quantity. 

 The DH consulted on its  ‘ A new approach to the 
pricing of branded medicines ’  posing a number of 
questions; a total of 188 responses were received  [25] . 
Some of the responses were of interest and worth 
reproducing.

  The development of value based pricing (VBP) for new 

medicines from 2014 provides signifi cant opportunities to 

both improve patient outcomes through the more appropri-

ate use of medicines and to stimulate development of the 

new innovative medicines of the future (ABPI). 

 It may take several years for clinical evidence to arise 

which show the long term benefi t of a medicines. A system 

may be needed to review the value based pricing assessment 

at a later date (Community Pharmacy Scotland).   

 Sixty - one percent of responses indicated that a 
pricing system based on therapeutic value was the 
right one. A second question asked if value - based 
pricing should be extended to medicines already on 
the market; 40% thought that such was the case. A 
more complex question related to the issue of a single 
drug that delivers signifi cantly different benefi ts in 
different indications (i.e. would different prices be 
applied for different indications). The government 
response  ‘ noted that while a system allowing different 
prices for the same medicine depending on indica-
tion would enable greater sensitivity of pricing for 
value, it would be far more complex and there could 
be signifi cant practical issues in implementing such 
an approach ’ . (The FP10 /GP10 does not require the 
recording of the indication for which a medicine has 
been prescribed.) 

 There is signifi cant lack of detail on how VBP 
would be implemented, the DH stated  ‘ The lack of 
detail of some aspects of the VBP process is a conse-
quence of carrying out a consultation at an early stage 
in the policy development process. ’  

 The most telling response of the consultation 
process was in response to the question  ‘ Will the 
approach outlined in this document achieve the pro-
posed objectives of better patient outcomes, greater 

The new scheme is to run for a minimum of 5 years 
and be non - contractual and voluntary. 

 The headline agreements were as follow.
    •      A cut in the cost of drugs sold to the NHS by means 
of a 3.9% price cut to be introduced starting in Feb-
ruary 2009.  
   •      A further price cut of 1.9% to be introduced in 
January 2010.  
   •      Subject to discussion with affected parties, the 
DH is also to introduce generic substitution from 
January 2010. There would be further price adjust-
ments in January of each year aimed as the propor-
tion of savings from generic substitution varies with 
time.  
   •      New and more fl exible pricing arrangements that 
will enable drug companies to supply drugs to the 
NHS at lower initial prices, with the option of higher 
prices if value is proven at a later date.  
   •      More systematic use of patient access schemes by 
drug companies to allow access to medicines that 
have not initially been assessed as cost or clinically 
effective by the National Institute for Health and 
Clinical Excellence (NICE).    

 Patient access schemes were agreed between the 
DH and an individual pharmaceutical company for 
consideration in the context of a NICE appraisal. 
These schemes are aimed at improving patient access 
to a medicine that has not initially been assessed as 
cost or clinically effective by NICE. The new PPRS 
sets out arrangements for patient access schemes 
(although subject to certain conditions to ensure that 
they are implemented sensibly and that the cumula-
tive burden on the NHS is manageable). The Joint 
ABPI and DH letter of 19 November 2008 states that: 
 ‘ Full details of the arrangements on both fl exible 
pricing and patient access schemes will be in the new 
PPRS agreement. ’  The ABPI and DH have agreed that 
both the experience of both schemes will be reviewed 
by 2011.
    •      The 2009 PPRS will preserve companies ’  ability to 
set prices of new active substances as allowed under 
the present and previous schemes.  
   •      An increase in the R & D allowance to a maximum 
of 30% of NHS sales for assessing AFRs including an 
increase of 10% of NHS sales for the variable rate of 
innovation.    

 It must be noted that although the documents 
issued on 19 November 2008 states that agreement 
has been reached, the DH and ABPI are still fi nalising 
the text of the scheme as a result of which certain 
aspects of the 2009 PPRS may become clearer.  
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the states of Massachusetts and Delaware in their 
Medicaid programmes. 

 Wherever reference pricing in any form has been 
implemented, the reference price becomes the effec-
tive market price.  

Contract  purchase of  medicines
from  cheap sources 

 In the early 1960s, when Enoch Powell was Minister 
of Health in Macmillan ’ s Conservative government, 
the DH bought large quantities of tetracycline from 
Poland for NHS hospital use. This was found to be 
clinically ineffective and of substandard quality; a 
public outcry in the medical press followed. The 
cheap drugs exercise was not repeated, but bulk hos-
pital purchase at competitive contract prices contin-
ues, and this leads to wide discrepancies between the 
hospital price and the price charged to prescriptions 
written in the primary health care sector.  

The MacGregor  Committee

 In the late 1960s, the DH set up the Standing Com-
mittee on the Classifi cation of Proprietary Prepara-
tions under the chairmanship of Professor Alastair 
Gould MacGregor. The committee became known as 
the MacGregor Committee. 

 The committee classifi ed products subject to mon-
ographs in the British Pharmacopoeia, the British 
Pharmaceutical Codex and the British National For-
mulary (BNF) as Category M products. Acceptable 
products other than monograph preparations were 
Category A products. All other products were Cate-
gory B products; these were considered less effective 
or more toxic than those in Categories M or A or their 
effi cacy was regarded as unproven. In practice, most 
combination products were regarded as undesirable 
and were relegated to Category B status. The delibera-
tions of the MacGregor Committee were published as 
 ‘ Proplist ’  that went through regular editions. The 
pages referring to Category B products had a black 
corner to the top of the page and they appeared in 
Proplist after Category M and A products. Pressure 
was exerted by local health authorities on doctors not 
to prescribe Category B preparations, and to use Cat-
egory M products as a preference to both Category A 
and B preparations. Category A products were usually 
branded medicines and were more costly than the 

innovation, a broader and more transparent assess-
ment and better value for money for the NHS? ’  –  15% 
(14) said Yes; 19% (20) said No; and 66% (124) did 
not answer the question. 

 The PPRS would appear to be intended to continue 
for branded products marketed prior to 2014.  

The Drug Tariff and reference  pricing

 The Drug Tariff operated by the DH was the fi rst 
reference price system. Introduced in the early 1950s, 
the tariff price represents the price that the PPA oper-
ates on when reimbursing pharmacists and dispens-
ing doctors for the cost of materials dispensed, 
whether drugs, dressings or devices. The average price 
for each generic formulation is determined as an 
average of the prices of the largest four or fi ve manu-
facturers for each generic formulation (generics in 
the UK being generally unbranded). The community 
pharmacist who dispenses the prescribed generic is 
reimbursed at the tariff price. The pharmacist there-
fore does not purchase generic preparations from 
manufacturers whose price is above the tariff price. 
This effectively forces a downward price spiral for 
generics, as their tariff price was originally deter-
mined on a yearly basis but is now done as frequently 
as each month. 

 The prices of generic medicines must inevitably 
rise in the near future as manufacturers move to 
produce patient packs, which will be required to 
contain patient information leafl ets. Under EC legis-
lation, bulk containers will almost inevitably be 
phased out of production (except perhaps for hospi-
tal use). 

 The concept of the UK ’ s Drug Tariff has been 
adapted into the various European Reference Price 
models, namely the grouping together of similar 
products usually containing the same active sub-
stance  –  or members of the same therapeutic group 
(e.g. beta - adrenergic blocking agents)  –  and then 
setting a maximum cost that the payer will reimburse 
for any product in that group. In Germany, there are 
435 therapeutic groups of products covered by their 
reference price scheme. Reference pricing has already 
been introduced into France, the Netherlands, New 
Zealand and some provinces of Canada. Reference 
pricing fi ts well with the prevailing US belief that the 
key to capping health care expenditure is to offer 
fi nancial incentives to patients. Reference pricing 
does just that, and in fact it has already been used in 
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ABPI to be achieved by a 2.5% reduction overall on 
each company ’ s products, but could be modulated by 
taking a larger reduction on some products than on 
others. The alternative to price reductions was for 
companies to present the DH with a cheque equiva-
lent to 2.5% of its sales to the NHS, a solution 
accepted but not favoured by the DH, as the money 
disappeared into Treasury funds and so did not offer 
any real advantage to the department. 

 In the 1999 PPRS negotiations, as a part of the 
agreement, the DH imposed a 4.5% price reduction 
on sales to the NHS. This was equivalent to a loss of 
sales by the industry of  £ 200 million. Because the 
1999 revision of the PPRS permits companies to 
modulate these enforced price reductions across their 
product range, it could be expected that companies 
would do so in such a way that competition from 
parallel - traded products would be reduced, maximum 
price reductions being applied to those products that 
were currently being most affected by parallel trade. 
The 2004 PPRS enforced a 7% price cut on the phar-
maceutical industry.  

Limited or selected lists

 The fi rst limited list proposals were announced in 
November 1984 and proposed that a list of 31 prod-
ucts was adequate to meet  ‘ all clinical needs in the 
seven therapeutic areas of indigestion remedies, laxa-
tives, analgesics, cold and cough remedies, vitamin 
preparations, tonics and benzodiazepines ’ . In the 
event, when the proposals became operational in 
April 1985, the initial list had been expanded to 129 
products, and later to 160 products. The remaining 
products reimbursable on the NHS could only be 
dispensed if prescribed by their generic as opposed to 
their brand names. 

 The saving from the original limited list exercise in 
its fi rst year of operation was claimed to be  £ 75 
million, and Ministers of Health over the next 20 
years have been unable to quantify what, if any, the 
savings that took place in subsequent years, despite a 
series of parliamentary questions seeking this 
information. 

 If 10% of patients previously receiving prescrip-
tions for an antacid were prescribed an H 2  - receptor 
antagonist such as cimetidine or ranitidine, this 
claimed savings would not have been achieved. The 
growth in the H 2  - receptor antagonist market was 
rapid at this time, and some of this growth must have 
been because of such escalation of prescribing. 

generic monographed preparations. Proplist was an 
early attempt to encourage doctors to prescribe 
generically and cheaply, thus exerting downward 
pressure on prescribing costs.  

Generic substitution

 In the UK, generic substitution was raised as a means 
of reducing the NHS medicines bill in the Greenfi eld 
Report of 1983, but was not implemented. However, 
generic substitution has been implemented by a 
number of reimbursement authorities, both insur-
ancebased schemes as in the USA and nationally run 
health care schemes, for example, Sweden (intro-
duced October 2002) and Finland (introduced 1 
April 2003). Both countries ’  health care schemes 
claim very considerable savings of the order of 5% of 
national expenditure on medicines. Sweden is consid-
ering extending the scheme to lead to compulsory 
generic prescribing. 

 The DH in 2010 issued its views on the implemen-
tation of generic substitution by pharmacists in 
England, as proposed by the 2009 PPRS. It stated that 
its preferred scheme would apply initially to a selected 
list of drugs for which substitution would be permit-
ted, with the option for prescribing doctors to opt out 
by endorsing the prescription  [24,25] . 

 Posner and Griffi n  [26]  reviewed the issue of 
generic substitution in the context of issues that were 
not existent when Greenfi eld wrote his report, for 
example issues that relate to bioengineered products 
(e.g. monoclonal antibodies, generic biosimilars). 
Posner and Griffi n stressed the need for generic prod-
ucts to be physically similar in appearance to the 
branded product on grounds of safety as well as being 
bioequivalent on grounds of effi cacy.  

Enforced  price reductions

 In December 1983, the then Health Minister 
announced measures to cut industry profi ts and 
reduce the NHS medicines bill, then running at  £ 1.3 
billion per year, by  £ 100 million. In November 1984, 
further measures were taken by reducing the ROC 
allowed under the PPRS from 25% to a range of 
15 – 17%. ROC was raised to 17 – 21% in two stages 
under the 1986 renegotiation of the PPRS. In 1993, 
because of renegotiation of the PPRS, the ROC was 
left unchanged, but a price reduction of 2.5% on 
pharmaceuticals was enforced. This was negotiated by 
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coeconomics  in 1992 and 1995  [27,28] , including the 
various incentives offered to both fundholders and 
non - fundholders to reduce their prescribing costs by 
allowing a proportion of the  ‘ saving ’  to be used on 
other projects in the practice  [6] . Their effects were 
summarised by Whalley as follows:

  The IPS has generally failed to control the rise in drug costs 

because of unrealistic targets, organisational diffi culties 

(inducing the lack of adequate data to set budgets properly) 

and because there was neither incentive nor penalty to 

encourage compliance on the part of the general practitioner 

(GP). The IPS stresses cost containment, and makes little 

allowance for the consideration of quality or appropriateness 

of prescribing. 

 GP fund holding, in contrast, has reduced the rate of rise 

of drug cost in participating GP practices, although it has 

not actually reduced drug costs    . . .    Although there is a com-

mitment on the part of the government to encourage and 

make use of data about economic evaluations of drug 

therapy and other medical interventions, so far the emphasis 

has been exclusively on cost containment  [27] .    

Development of primary care  groups 

 The Labour government elected in May 1997 com-
mitted itself to abolishing the concept of fundholding 
practices. This was not because of any fundamental 
disagreement with the concept of primary care com-
missioning per se, but rather because of the inevitable 
 ‘ two - tierism ’  in service provision between fundhold-
ers and non - fundholders that resulted. In December 
1997, the government produced its own White Paper, 
The New NHS: Modern, Dependable . When this docu-
ment was fi rst published it seemed to be signalling a 
new direction, but however much of the content 
could be described largely as a repackaging of existing 
(Conservative) policy, psychologically it felt different. 
The evolution of primary care groups (PCGs) can 
clearly be traced back to the fundholding initiative 
begun in 1991 (see Further reading). Halpern 
expressed the opinion of many NHS commentators 
when be wrote:

  The Government use of PCGs as a mechanism for managing 

primary care is no more than a continuation of the policies 

of the previous government. Although GP fundholders rev-

elled in their initial freedoms, it is clear that the move 

towards total purchasing (in whatever guise) was a clear 

precursor of PCGs  [29] .   

 However, the Labour government has clearly 
stamped its mark on PCGs and essentially the 

 In November 1992, the Secretary of State for 
Health announced the extension of the limited list 
procedure to further 10 therapeutic categories: anti-
diarrhoeals; appetite suppressants; treatments for 
allergic disorders; hypnotics and anxiolytics; treat-
ments for vaginal and vulval conditions; contracep-
tives; treatment for anaemia; topical antirheumatics; 
treatments for ear and nose conditions; and treat-
ments for all skin conditions. These measures were 
announced despite repeated undertakings by a series 
of Conservative Secretaries of State for Health that 
the government had no intention of extending the 
limited list, and despite the fact that the DH remains 
unable to quantify the savings achieved from the 
limited list exercise in the original seven categories. 

 The second limited list operation affecting 10 ther-
apeutic categories, announced in November 1992, 
became an exercise to reduce the prices of products 
to preconceived  ‘ reasonable levels ’ , these being dele-
gated by Health Ministers to the Advisory Committee 
on NHS Drugs chaired by a DH offi cial and having 
outside members from the medical and pharmaceuti-
cal professions. The achievement of this exercise has 
been to inveigle a number of companies into agreeing 
price reductions in exchange for their product ’ s con-
tinuing to be presentable in the NHS. This exercise 
has therefore amounted to a reference price system 
with a non - transparent method of fi xing the price. It 
is therefore probable that the second phase of the 
limited list operation was in breach of the Transpar-
ency Directive (89/105/EEC). (The price reductions 
achieved under this exercise were not permitted to be 
counted towards the 2.5% overall price reduction 
imposed as part of the 1993 PPRS agreement.) 

 The Advisory Committee on NHS Drugs, when 
examining oral contraceptives as one of the classes 
involved in the second phase of the limited list exer-
cise, formed a preliminary position that the more 
expensive third - generation oral contraceptives should 
be precluded from availability on NHS prescription 
on grounds of cost. The outcry from women ’ s groups, 
family planning practitioners and the medical profes-
sion was such that these proposals were never 
implemented.  

Indicative prescribing  scheme
and GP fundholding

 The indicative prescribing scheme (IPS) and GP 
fundholding were both introduced in 1991. These 
schemes were described by Whalley et   al. in  Pharma-



720 Chapter 36 

 This helps to explain why GP involvement makes 
or breaks the Labour government ’ s reforms. It 
boils down to simple economics: GPs, principally 
through their referral and prescribing decisions, 
commit the vast majority of PCGs ’  (and consequently 
NHS) resources. Ultimately, under the new NHS 
reforms, it is the GP who will have to take responsi-
bility for limiting (and in many cases reversing) the 
growth in prescribing costs and hospital expendi -
ture. In the ever - changing world of NHS organisa -
tion there is the opportunity for PCGs to apply to 
become primary care trusts, which provides greater 
autonomy.  

Changing the legal status of 
medicines from  prescription  only
to over -the-counter availability

 Speaking at the annual pharmaceutical conference 
on this matter in November 1993, Dr Brian Mawhin-
ney, the UK Minister for Health, stated that self -
 medication  ‘ encourages people to be more interested 
in and committed to their own health; [and] it 
empowers individuals with greater freedom to deter-
mine for themselves what medicines they will use ’ . 

 The theoretical advantages to the government are 
clear. First, by switching more medicines from being 
prescription only to OTC or pharmacy sale and 
encouraging patients to self - medicate, it might be 
anticipated that the country ’ s medicines bill would 
be reduced. Secondly, by encouraging patients to 
purchase their own medicine it obviates the need for 
a GP consultation, the main object of which was to 
obtain a prescription. However, although many 
items are available considerably cheaper than the 
prescription charge, approximately 89% of prescrip-
tion items were dispensed free. Thus, there is little 
incentive for most patients to purchase their medi-
cines OTC. 

 In June 1997, DGIII of the European Commission 
circulated a consultation document,  A Guideline on 
Changing the Classifi cation for the Supply of a Medici-
nal Product for Human Use . The objective of this was 
to ensure that the route of sale will be the same in all 
Member States of the European Union. The grounds 
for making decisions on route of supply are based on 
safety considerations, and for medicines for purchase 
directly by the patient stringent requirements for 
information are proposed (the Commission docu-
ment does not consider economic grounds for change 
of status)  [32] .  

changed philosophy behind them. The following 
quote from the White Paper summarises some of 
their thinking as follows:

  [PCGs] will have control over resources but will have to 

account for how they have used them in improving effi ciency 

and quality. The new role envisaged for GPs and community 

nurses will build on some of the most successful recent 

developments, in primary care. These professionals have 

seized opportunities to extend their role in recent 

years    . . .    Despite its limitations, many innovative GPs and 

their fund managers have used the fundholding scheme 

to sharpen the responsiveness of some hospital services 

and to extend the range of services available in their own 

surgeries. But the fundholding scheme had also proved 

bureaucratic and costly. It has allowed development to 

take place in a fragmented way, outside a coherent stra -

tegic plan. It has artifi cially separated responsibility for 

emergency and planned care, and given advantage to some 

patients at the expense of others. So the government wants 

to keep what has worked about fundholding but discard 

what has not  [29] .   

 There are a couple of key differences between fund-
holding and PCGs. First, the unifi ed budget. The 
White Paper did not set out much detail about the 
implications and consequences of a unifi ed budget, 
but its importance should not be underestimated. Its 
implications for general practice and the NHS as a 
whole are probably only equalled by the clinical gov-
ernance initiative  [30] . The government perceive the 
unifi ed budget and clinical governance as the princi-
pal vehicle by which the long - standing problems of 
successive governments  –  cost constraint and medical 
practice variation  –  can be tackled. As Majeed and 
Malcolm  [31]  writing in the  BMJ  concluded:

  The main factor behind the introduction of unifi ed budgets 

is the belief that making general practitioners accountable 

for cost as well as the quality of health care will prove an 

effective method of tackling many of the problems facing the 

NHS  [31] .   

 Another key difference is that fundholding was 
always vulnerable to the charge that it was creating a 
two - tier NHS, but there is no opt out clause for 
general practices with the development of PCGs. 
Together with the unifi ed budget, this means that 
resource decisions taken by one practice in a PCG 
have a direct impact on others. They are no longer 
islands, and practices have to be concerned with how 
well the PCG is doing as a whole and with any poorly 
performing practices within it, as the bottom line is 
that a PCG can be dragged down by them. 



Controls on NHS medicines prescribing and expenditure in the UK 721

who devised the  ‘ Yellow Card ’  system for report -
ing ADRs:

  Although in theory a doctor ought to feel able to prescribe 

exactly what he thinks best, it is not always easy for him to 

exercise this freedom in practice. The enormous growth of 

the pharmaceutical industry in recent years means that a 

wide complex range of drugs is available. In many cases the 

individual practioner may have little direct knowledge of the 

chemical properties of the alternatives, nor may he know the 

relative costs involved. Some kind of administrative control 

seems inevitable …  We are not yet in a position to make 

drastic recommendations for economising on the cost of 

prescriptions without affecting the standard of medical 

treatment. Nevertheless, investigation has uncovered impor-

tant mechanisms infl uencing the drug bill and it is on the 

basis of this kind of work that rational argument as to future 

policy can be pursued  [36] .   

 Bailey went on to suggest that the Department of 
Health set up a group to look at what in current 
parlance would be the pharmaco - economic evalua-
tion of new treatments. 

 It was repeatedly claimed throughout the 1990s 
that the uptake of therapeutic advances in the UK was 
suboptimal  [37,38] . In 1990, only 38% of the UK 
medicines bill was for products launched on to the 
market in the previous 20 years, thus 62% of medi-
cines by value prescribed on the NHS were active 
substances introduced into the UK market earlier 
than 1970  [34] . It was claimed that  ‘ cost reducing 
philosophies and constraints have resulted in the 
under use of therapeutic advances in the United 
Kingdom ’   [37] . 

 In 1993, the Advisory Council on Science and 
Technology said that  ‘ innovations, which are recog-
nised as offering signifi cant economic and/or quality 
of life advantages should be fully funded by the NHS ’  
 [39] . It was also pointed out that pressures by the DH 
to prescribe cheaply was not the same as cost - effective 
prescribing  [40] . 

 In 1997, the UK government proposed in the 
White Paper,  The New NHS: Modern, Dependable , 
that NICE should be established  [40] , a concept 
endorsed by Griffi n  [41]  who believed that all medical 
treatments should be subject to pharmaco - economic 
evaluation. 

 NICE was established as a Special Health Authority 
in April 1999. Its objectives were to:
    •      speed the uptake by the NHS of innovations that 
are both clinically and cost - effective;  
   •      encourage more equitable access to health care 
(reduce the  ‘ postcode lottery of care ’   –  a term used to 

Encouragement to 
prescribe  generically

 A number of the above government initiatives have 
resulted in changing doctors ’  prescribing habits 
towards a greater use of generic formulations. Doctors 
are currently happier to prescribe generics as they 
have become more convinced of their quality.  ‘ This 
was probably not unrelated to the fact that in the year 
ending August 1993, 80% of generic medicine sales 
in the United Kingdom originated from subsidiaries 
of the four multinational manufacturers Rh ô ne 
Poulenc Rorer, Hoechst, Fisons and Ivax ’   [33] . 

 In 1993, the overall shape of the NHS market by 
value of products dispensed was as follows: generics 
accounted for 11% by value and over 41% by volume; 
prescriptions for medicines still within patent 
accounted for 26% by value but only 7% by volume. 
The bulk of the NHS prescription market, 63% by 
value and 52% by volume, was made up of active 
substances that were out of patent but still being pre-
scribed by brand name. 

 In 1993, 7% of the 530 million prescriptions dis-
pensed were for products in patent. On the basis of 
these products coming off patent, the DH believed 
that by the year 2000, 60% of prescriptions would be 
dispensed generically. In a reply to a question in the 
House of Commons, the Minister of Health stated 
that for 1994 – 1995 more than 50% of GP prescrip-
tions dispensed in England and Wales were written 
generically, with GP fundholders writing 55.3% by 
generic name and non - fundholders 50.5%. However, 
the highest fi gure recorded by the Offi ce of Health 
Economics was 46% for the year 1998. 

 Overall, the government policies have been directed 
towards cheap drugs and a drive towards generic 
prescribing, and this has been successful to a very 
large extent. However, it is unfortunate that this 
policy has deterred doctors from prescribing newer 
in - patent products. In a study of the uptake of 
new chemical entities in 20 countries in 1993 a more 
rapid uptake expressed as percentage of all prescrip-
tions fi lled with products marketed in the previous 
5 years was seen in 17 countries compared with the 
UK  [34,35] .  

National Institute for Health
and Clinical Excellence

 In 1959, Bailey  [36]  wrote in  Medical Surveys and 
Clinical Trials  edited by Professor Leslie Witts 



722 Chapter 36 

undoubtedly infl uenced the changes to the PPRS 
agreement of 2004, that is, enforced price reductions 
and possibly changes to the operation of the Drug 
Tariff. 

 NICE guidance had been considered advisory to 
clinicians who were expected to take it into account 
when considering treatment options case by case. 
However, in 2002 it was brought to the government ’ s 
attention that while local health commissioners were 
complying fully with NICE guidance when its recom-
mendations were not supportive of introducing new 
drugs, they were tardy in providing the funding for 
guidance supporting the introduction of costly new 
treatments  [42] . 

 The Labour Prime Minister, Tony Blair, gave an 
undertaking that the NHS would follow NICE guid-
ance. Under the current rules, the DH and the Welsh 
Assembly must make funding available for imple-
mentation of NICE appraisals within 3 months of 
their publication, unless instructed to the contrary 
 [24] . This dramatically changed the nature of NICE 
appraisal guidelines which, while remaining advisory 
to physicians, became national policy for health 
authorities. 

 NICE recommendations will have a major impact 
on the direction of industry research and develop-
ment. It will also have major impact on politicians 
and civil servants who run the NHS, as NICE recom-
mendations have already had considerable cost impli-
cations. The infl uence of the recommendations made 
by NICE are international and its decisions are closely 
monitored by other similar bodies (e.g. Canadian 
Agency for Drugs and Technologies in Health and 
Pharmaceutical Benefi ts Advisory Committee) across 
the world and as a consequence the NICE website is 
achieving around 35,000 hits per day  [43] . In the 
USA, President Obama ’ s efforts to reform the health 
system has been met with resistance from those 
fearing that a NICE style organisation might be estab-
lished to make decisions on priorities based on scien-
tifi c evidence thus replacing the current  ‘ rationing by 
ability to pay ’   [42] . 

 For the future, the Cameron coalition government 
is also revising the UK ’ s drugs pricing policies, and 
with it NICE ’ s regulatory role.  ‘ NICE will continue to 
appraise drugs until we impliment our plans (as value 
based Pricing from 2014    . . .    (thereafter) there will 
continue to be a role for technology apprais-
als    . . .    NICE ’ s role will increasingly focus on giving 
authoritative advice to clinicians ’   [24] . 

 There are major implications for future changes 
to the PPRS in the development of the concept of 

describe different standards of care by different local 
health authorities);  
   •      encourage better and more rational use of available 
resources by provision of health care on the most 
cost - effective intervention; and  
   •      encourage the development of new and innovative 
technologies.    

 In establishing NICE, the Labour government 
hoped to improve standards of patient care and 
reduce inequalities in access to innovative treatments 
( ‘ postcode prescribing ’ ). NICE was to achieve these 
aims by providing guidance to the NHS on the effec-
tiveness and cost of clinical interventions. This would 
be done by the appraisal of new and existing tech-
nologies, and developing disease - specifi c clinical 
guidelines and supporting clinical audit. Perhaps 
unsurprisingly it is the work of NICE in the technol-
ogy appraisal arena that has dominated its work pro-
gramme since 1999 and generated most debate within 
and outside the UK. In 2005 the remit of NICE was 
expanded to include disease prevention and health 
promotion. Over the years since the establishment of 
NICE its remit has expanded further to the issuing of 
guidance on interventional procedures, diagnostics, 
devices and also the provision of evidence as well as 
guidance through the web - based NHS evidence 
( www.evidence.nhs.uk )  [42] . 

 Pharmaceuticals and other products and proce-
dures are selected for appraisal by NICE, by the DH 
and the National Assembly for Wales on the basis of 
the extent to which such technologies are likely to 
result in the following.
1.     A signifi cant health benefi t, taken across the NHS 
as a whole, for example, might reduce hospital admis-
sions or bed occupancy.  
2.     A signifi cant impact on other health - related gov-
ernment policies, for example, a new approach to 
smoking cessation.  
3.     A signifi cant impact on NHS resources, for 
example,  in vitro  fertilization.    

 NICE meets a medical need. If millions of patients 
are under - medicated something has to be done to 
rectify the situation. However, NICE guidance aimed 
at under - medication and  ‘ postcode prescribing ’  has 
added some  £ 700 million to the NHS bill for phar-
maceuticals  [43] . By the end of 2004, NICE had 
issued more than 250 appraisals and had announced 
the appointment of an executive director with the 
responsibility for implementing NICE appraisals. 

 It is inevitable that the increased cost of the NHS 
medicines bill will result in the introduction of meas-
ures elsewhere to curtail these rises. These measures 
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of the Misuse of Drugs Act 1971. Drugs controlled 
include cocaine, dipipanone, diamorphine (heroin), 
methadone, morphine, opium, pethidine, phencycli-
dine, lysergide (LSD), amphetamines, barbiturates, 
cannabis, codeine, pholcodine and certain drugs 
related to the amphetamines, such as chlorphenter-
mine and diethylpropion. 

 For all controlled drugs, prescriptions must be 
signed and dated by the prescriber and the following 
particulars included in the prescriber ’ s own hand-
writing: name and address of patient; form and 
strength of preparation as appropriate; total quantity 
in both words and fi gures, and dose. 

 Only medical practitioners who hold a special 
licence issued by the Home Secretary may prescribe 
diamorphine, dipipanone or cocaine for addicts; 
other practitioners must refer the addict to a treat-
ment centre. This stipulation only applies to addicts 
and does not preclude the prescription of diamor-
phine or cocaine for the relief of pain caused by 
organic disease or injury.  

British National Formulary

 The greatest infl uence on doctors to prescribe well is 
the provision of high quality information. This has 
been achieved over the last decades by the BNF. 

 During the Second World War, 1939 – 1945, it was 
imperative to exercise strict economy in prescribing, 
and in 1941, the then Minister of Health, Dr Charles 
Hill, introduced the National War Formulary as  ‘ a 
select range of medicaments suffi cient in range to 
meet the ordinary requirements of therapeutics for 
doctors in the community and in hospital ’ . After the 
creation of the NHS in 1948, the BNF was published 
jointly by the British Medical Association (BMA) and 
the Pharmaceutical Society of Great Britain, appear-
ing fi rst in 1949 and then every 3 years until 1979. 

 In 1975, a paper was produced by the Professional 
Head of Medicines Division of the Department of 
Health and Social Security (DHSS; now DH) for con-
sideration by the Medicines Commission. It was pro-
posed that a new style BNF should be produced 
because the DHSS was concerned that doctors were 
being unduly infl uenced by promotional material 
produced by the pharmaceutical industry that was 
leading to an escalating medicines bill for the NHS. 
It was suggested that the  ‘ new style BNF ’  should fulfi l 
the following criteria:
1.     no longer be selective but give information on all 
medicines available for prescribing by doctors;  

value - based pricing, what this concept actually is and 
how it will operate, is uncertain. 

 The impact of their decisions can be seen most 
clearly in the uptake (or otherwise) in sales of appraised 
products and classes of drugs across the world.  

European  Transparency  Directive 

 Under Directive 89/105/EEC  ‘ relating to transparency 
of measures regulating the scope of national health 
insurance systems ’   [44]  all measures introduced by 
national governments to control expenditure on 
medicines will have to be compatible with EU rules. 
The Directive applies to any national measures to 
control price or restrict the range of products covered 
by national health insurance systems. The specifi c 
articles of the Directive cover the various schemes 
operational within the Community and demands 
that objective and verifi able criteria are met in their 
implementation. 

 The Transparency Directive does not lay down a 
requirement for harmonisation of procedures, nor 
does it imply a need to harmonise prices within the 
Community, and even if harmonisation of prices 
were achieved the Directive does not mean that there 
would be harmonisation of health service reimburse-
ment. As long as price differences exist between 
Member States of the European Community, parallel 
importing or parallel trading of medicinal products 
from Member States with lower prices to those with 
higher prices will take place. In fact, parallel trading 
in medicinal products could be called importation of 
another Member State ’ s price constraints. The Euro-
pean Commission and Member States ’  health author-
ities not only condone but covertly encourage parallel 
trading. This creates considerable problems for phar-
maceutical companies. The UK ’ s DH claws back a 
percentage of the reimbursement due from the PPA 
to reduce the windfall profi ts made by pharmacists 
buying cheaply from parallel traders. 

 At present, health care systems remain a national 
prerogative and are subject to national rather than 
European controls, but operated within the broad 
scope of the Transparency Directive. However, future 
changes in the direction of greater pan - European 
harmonisation can be envisaged.  

Supply of controlled  drugs

 Special arrangements apply to the prescribing of 
drugs of dependence in the UK under the provisions 
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total expenditure on health care as a percentage of 
gross domestic product (GDP), expenditure on medi-
cines as a percentage of total health care spend, the 
national pharmaceutical industry ’ s research and 
development expenditure in euro - millions, the 
general price index and the medicines price index 
nationally compared with a European Notional Price 
of 100, and the national pharmaceutical consump-
tion per capita expressed as defi ned daily doses. These 
comparisons are based on Organisation for Eco-
nomic Cooperation and Development Health Data 
2000.   

 From these fi gures the UK is seen as a country with 
a comparatively low per capita consumption of medi-
cines, to have a high medicines price index and a 
strong pharmaceutical research base; therefore, the 
various measures to contain medicines expenditure 
would appear to have had their greatest impact on the 
demand side. 

 Three of the four countries with the highest indus-
try research and development spend have the highest 
medicines price index. France is the exception in this 
respect but has the highest per capita level of medi-
cine consumption. Expressed in another way, the 
three largest spenders on health care as a percentage 

2.     give information on the price of medicines;  
3.     draw attention to certain unsuitable products;  
4.     be compact enough to fi t into the pocket; and  
5.     be kept up to date.    

 Initially, it was proposed that the Medicines Com-
mission should publish this, but neither the BMA nor 
the Pharmaceutical Society were willing to surrender 
copyright. Negotiations between the DHSS, the BMA 
and the Pharmaceutical Society started in 1975, 
during which the DHSS gave an undertaking to 
produce a new edition of the BNF every 6 months 
which would be distributed free to all doctors and 
pharmacists. A Joint Formulary Committee (JFC) 
was set up under Professor Owen Wade as chairman 
with three members of the JFC appointed by the 
BMA, three by the Pharmaceutical Society and three 
by the DHSS. (The Government Chief Pharmacist, 
Dr Brian Wills; the Head of Medicines Division, Dr 
J.P. Griffi n and Dr Peter Greenfi eld). The role of the 
JFC was to commission therapeutic reviews of each 
body system disease areas from several experts and to 
produce an authoritative synthesis. 

 The fi rst new style BNF appeared on 26 February 
1981. It was comprehensive and drew attention to 
over 600 products in small print considered undesir-
able by the JFC. Pricing information was initially 
given in a price banding by letter  –  for example, A 
being 20p up to G for the most expensive course of 
treatment in excess of 450p. In later editions, actual 
prices were given in a format that allowed strict com-
parisons between treatments. 

 In the 30 years since it was fi rst published in the 
current format, editions have appeared every 6 
months and it has become generally regarded as the 
most infl uential guide to good prescribing practice. 
The BNF JFC as of May 2005 publishes a paediatric 
version annually. It comprises monographs on safe 
and effective medicines for use in children, even if 
usage in children is not included in the summary of 
product characteristics. (Note: BNF came under aus-
pices of NICE in 2009.) The BNF has undoubtedly 
been the most effective and acceptable measure to 
the medical profession to stimulate cost - effective 
prescribing.  

International comparisons

 The effectiveness of various measures to contain 
expenditure on medicines in the UK can only be 
assessed in the context of the situation in other Euro-
pean Union countries. Table  36.1  gives data for the 

Table 36.1    Health care expenditure and medicines 

expenditure as a percentage of gross domestic product 

( GDP ).  Source: Extracted from OECD Health Data, 2007  

   Country     Spending on health 
care as percentage 
of GDP, in 2006  

   Spending on 
medicines and other 
medical durables as 
percentage of GDP  

  Austria    8.7    12.4  

  Belgium    10.3    16.9  

  Denmark    9.5    8.5  

  Finland    8.2    14.6  

  France    11.0    16.4  

  Germany    10.6    14.8  

  Greece    9.1    17.6  

  Italy    9.0    20.0  

  Japan    8.3    19.6  

  Netherlands    n/a    n/a  

  Norway    8.7    8.5  

  Portugal    10.2     –   

  Spain    8.4    29.7  

  Sweden    9.2    21.7  

  Switzerland    11.3    13.3  

  UK    8.4     –   

  USA    15.3    12.6  
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adversely affect the pharmaceutical industry but in 
general are not felt by the patient and therefore the 
voting public. Measures affecting the demand side are 
much more politically sensitive. Actions that restrict 
demand by the establishment of additional local 
bureaucracy (by whatever name these bodies are 
given) are costly and can result in regional discrepan-
cies in the availability and quality of treatments and 
are potentially political minefi elds. 

 The most acceptable and effective measures are 
those directed at therapeutic advice given via BNF or 
NICE guidelines based on scientifi c date which lead 
to cost effective treatments and elimination of inef-
fective treatments being initiated. (Additionally, BNF 
and NICE guidance have impact outside the UK 
because of their recognised quality.) 

 This is a politically sensitive chapter but it is hoped 
that study of various measures used in the past will 
be of use to DH and pharmaceutical industry nego-
tiators in their consideration of future measures with 
regard as to how best to manage the needs of an aged 
and ageing population and their associated health 
care costs. The DH and ABPI entered into detailed 
negotiations in September 2012 on the details of the 
implementation of  ‘ value - based pricing scheme ’  
which will come into operation in 2014. Value - based 
pricing will supercede much of the PPRS system. 
Details of the implementation of the value - based 
pricing scheme were not available at the time of going 
to press.  

Conclusions and future  steps
within the UK NHS

The Health and Social Care  Act
 In April 2012, the UK Coalition government fi nally 
gained legislative approval for their controversial 
health and social care reform bill  [45] . This has still 
to be implemented and discussions are still continu-
ing over the many provisions. 

 The bill represents a signifi cant and radical restruc-
turing of the health service in England and Wales 
making signifi cant and controversial changes to the 
existing NHS as originally perceived in 1948 and sub-
sequently managed. At the core of the bill is the gov-
ernment belief that urgent reforms are now essential 
to manage the needs of an ageing population and to 
cope with the expected rises in the cost of new medi-
cation and other treatments. Thus, from April 2013, 
GPs are to control around  £ 65 billion of the NHS ’ s 
annual budget of about  £ 106 billion. In addition, the 

of GDP are France, Switzerland and Germany, which 
are three of the four countries where the pharmaceu-
tical industry invests most in research and 
development. 

 Conversely, in countries where the population is 
relatively small and where individual consumption of 
medicines is low and pharmaceutical industry invest-
ment is also low, the government is able to enforce 
low prices for medicines. These countries are typifi ed 
by the Netherlands, Norway, Finland and Denmark. 
Sweden, where there is signifi cant pharmaceutical 
research, is atypical of the rest of Scandinavia and the 
medicines price index and medicine consumption are 
approximately the European average. 

 It would appear that the national governments ’  
desires to impose draconian measures to control 
pharmaceutical prices and/or consumption is modu-
lated by fi nancial/fi scal necessity not to damage its 
national researched - based industry. Balancing such 
confl icting demands has been the key to the strength 
of the PPRS scheme, as it was in its inception. It 
remains to be seen whether this has been retained or 
lost following the 2004 revision, which now has a 
legal basis. 

 The US government believes that the various Euro-
pean pharmaceutical pricing systems constitute bar-
riers to free trade. The ambition of the US Trade 
Representative is to liberalise pharmaceutical pricing 
systems anywhere in the world. A provision in the 
newly enacted Medicare reform legislation requires 
the US Trade Representative to use trade negotiations 
 –  specifi cally those recently involving Australia  –  ‘ as a 
way to achieve the elimination of Government meas-
ures such as price controls and reference pricing ’ . It is 
therefore paradoxical to see various US states ’  Med-
icaid systems adopting both generic substitution and 
Massachusetts and Delaware introducing reference 
price schemes. On 26 November 2003, Australia ’ s 
Minister for Trade, Mark Vaile, pointed out that Aus-
tralia ’ s Pharmaceutical Benefi ts Scheme negotiated 
prices with pharmaceutical companies, just as health 
plans do in the USA. Mr Vaile stated that such nego-
tiations were  ‘ fundamental policy of our government 
and consecutive governments in Australia ’ . 

 The NHS was implemented on the assumption 
that an unmet fi nite need could be satisfi ed, whereas 
the reality is that there is an infi nite demand for 
health care that the governments have been trying to 
meet from fi nite resources for the last 60 years. Meas-
ures to reduce cost by strictures on the supply side 
and to reduce demand by various measures have been 
introduced. Measures that affect the supply side 
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Introduction 

 The pharmaceutical industry and its activities in 
pharmaceutical medicine (i.e. investments in drug 
discovery, development and commercialisation of 
medicines) were generally focused on the developed 
world until the mid to late 1990s. This was driven by 
the size and growth of the pharmaceutical market in 
the developed world, the impact and infl uence of the 
regulatory agencies in the USA, Western Europe and, 
to a lesser extent, Japan, and the investment strategy 
of the industry ’ s research and development (R & D) 
departments. In addition to the mainstream pharma-
ceutical companies, the biotechnology industry also 
saw its focus and investment confi ned to North 
America and Western Europe. During this period the 
role of the medical departments in less developed 
markets was primarily confi ned to the provision of 
medical support to the commercialisation of prod-
ucts with only a minimal contribution to core R & D 
activities, including global clinical trials. Indeed, in 
many companies these departments functioned 
outside the mainstream R & D organisation. 

 However, in more recent years, a paradigm shift 
has begun to shape the industry, leading to the 
increasing impact of the  ‘ emerging markets ’ ;this has 
been followed by signifi cant investments in these new 
markets and in the core capabilities of the pharma-
ceutical industry, in order to adapt to the change in 
focus. Several factors have been responsible for this 

paradigm shift and include both  ‘ pull ’  and  ‘ push ’  
factors.
    •      Changes in the dynamics of the pharmaceutical 
market .      Sales growth in mature pharmaceutical 
markets like the USA and Western Europe has been 
in decline over the last decade. From 2001 to 2014, 
the pharmaceutical market in USA and Western 
Europe is only expected to grow by about 2%. In 
contrast, during the same time period, growth in the 
emerging markets of Brazil, Russia, India, China, 
Mexico, South Korea, Turkey is expected to be 
14%  [1] .  

  The rising population of middle classes, and an 
ageing population, combined with a strengthening of 
intellectual property protection, have enhanced the 
commercial attractiveness of these markets. Impor-
tantly, growth in the emerging markets can occur 
even if low pipeline productivity persists as many 
mature brands continue to demonstrate growth. For 
example, in China, the top - selling antihypertensive 
drug is the calcium channel blocker Adalat (nifede-
pine) which was fi rst launched in Europe in the 
1970s.  
   •      Decline in R & D productivity .      The innovative phar-
maceutical industry has seen a considerable decline 
in its productivity since the early 1990s. This has pri-
marily been caused by the decline in output of new 
chemical entities and the soaring costs of drug dis-
covery and development, including the cost of clinical 
trials. The industry began to shift clinical trials and 
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   •      Changing regulatory and investment environment for 
research .      Many governments in the emerging markets 
have begun to take actions to improve not only the 
regulatory environment, but also to offer fi nancial 
incentives for investments in research. Although the 
regulatory climates in these markets have been a dis-
incentive and a bottleneck for both clinical trials and 
product approvals for a number of years, rapid and 
positive changes are being encountered, especially in 
North - East Asia and Japan, where greater acceptance 
by the regulators of foreign Asian data has opened the 
way for more pan - Asian registration trials. However, 
the long approval time for clinical trials in some 
emerging markets (e.g. 10 – 12 months in China and 
6 months or longer in Brazil) means that involvement 
of these countries in global trials remains challenging, 
unless the studies have long recruitment windows.  
   •      Diseases of the developing world .      There has been 
increasing pressure on, and ongoing criticism of, the 
pharmaceutical industry for the lack of investment in 
medicines to treat diseases of the developing world. 
To their credit many companies have responded posi-
tively to enhance investment in preventative and 
therapeutic remedies for the  ‘ neglected diseases ’  (e.g. 
tuberculosis, malaria) leading to the increased sched-
uling of clinical trials for these diseases in many less 
developed markets, including sub - Saharan Africa.    

 The incorporation of emerging markets into the 
core global strategy of R & D has been accompanied 
by a new set of issues and challenges for R & D and 
medical departments. These complex markets could 
not be approached with the same strategic and opera-
tional imperatives and with the comfort factor of 
conducting an  ‘ R & D business as usual ’ . It required an 
understanding of the issues and the offering of inno-
vative solutions to maximise the impact of being in 
the emerging markets. Some of these complex issues 
include the following.
1.     The need to train and educate core staff based in 
North America and Western Europe on the cultural, 
medical and ethical issues of practising pharmaceuti-
cal medicine in the emerging markets. It is impracti-
cal and illogical to transfer unchanged the R & D 
strategies and operational models that have driven a 
successful pharmaceutical industry in the developed 
world for several decades.  
2.     Developing the competencies and capabilities of 
R & D departments in the newer markets. Although 
there has been an expansion in the output of qualifi ed 
scientifi c and medical talent in these markets, the 
specialised nature of the competencies essential for a 
successful R & D - based industry requires a strong 

other R & D activities to the emerging markets in an 
attempt to reduce the cost of drug discovery and 
development, but also to tap into large patient popu-
lations and speed up access to medicines in these 
countries. Furthermore, this shift also gave the 
opportunity for the companies to make radical 
changes to their globalisation strategies. In the past, 
the focus of this strategy has been the US and Euro-
pean markets with initial regulatory submissions fol-
lowed by a sequence of clinical development and 
regulatory activities in the other markets over a 
period of months and even years. The scheduling of 
clinical trials outside the traditional markets enabled 
a shift towards simultaneous regulatory submissions 
in many markets, thus enhancing market access 
globally.  
   •      Patient populations .      As many companies competed 
in crowded disease areas, the availability of patients 
for recruitment into global trials became a limiting 
factor in the developed world. Simultaneously, rising 
prosperity and changing lifestyles in the emerging 
markets have resulted in disease patterns in many 
instances resembling those found in the developed 
world. Additionally, the greater availability of treat-
ment - na ï ve patients in these markets makes it easier 
to assess the treatment effect of novel agents in 
this setting. The epidemiology of diabetes in China 
provides telling statistics: the country has more than 
90 million diabetics, 27% of the world ’ s diabetic 
population. Moreover, 13% of the country ’ s spending 
on health is towards diabetes. Clearly, this makes 
China a key geographical area for global clinical 
trials and the development of new medicines for 
diabetes.  
   •      R & D resources .      The increasing availability of 
highly trained and motivated staff to populate R & D 
departments and to act as clinical trial investigators 
in these emerging markets has become an attraction 
for investment. Furthermore, recognition of the 
quality of scientifi c research in many of these coun-
tries (e.g. South Korea, China and India) has been a 
driver to set up R & D centres and investments in the 
discovery process as well. This trend for multinational 
pharmaceutical companies to site global drug discov-
ery and/or development centres away from tradional 
hubs in USA and Europe in favour of new locations 
in emerging markets is expected to continue. 
However, it is also likely that executives and managers 
with global (i.e. US/European) experience will still be 
needed to lead R & D organisations in developing 
markets for the forseeable future before locally grown 
talent can take over.  
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focus on appropriate training and development of 
local staff.  
3.     Ensuring the optimal link between the needs of 
the sponsor and the needs of these markets. 
The success of R & D strategies in developing econo-
mies is intricately linked to their degree of alignment 
with the health care priorities of the relevant 
countries.  
4.     Addressing many of the complex ethical issues 
such as the adequacy of informed consent, access to 
medications both post - trial and post - approval. Given 
the educational and cultural diversity in the emerging 
markets, special care needs to be taken in addressing 
many aspects of Good Clinical Practice (GCP) when 
involving these markets in global clinical trials.  
5.     Understanding the complex regulatory require-
ments for both clinical trials and product registra-
tions across a broad range of markets. Unlike the 
regulatory environment of the developed world 
which has evolved over several decades into a rela-
tively integrated and harmonised set of agencies [US 
Food and Drug Administration (FDA), European 
Medicines Evaluation Agency (EMEA), Ministry of 
Health, Labour and Welfare (MHLW)], the regula-
tory environment in the emerging markets remains 
as complex and varied as the markets themselves.  
6.     Developing strategies for market access, pricing 
and reimbursement. The affordability of and access 
to medicines in these markets still remains a conten-
tious issue. Novel pricing and reimbursement strate-
gies are being developed by many companies. In 
addition, the past few years have seen multinationals 
diversifying their portfolios through the addition of 
generics.    

 Although considerable progress has been made in 
many of the issues related to the practice of pharma-
ceutical medicine in the emerging markets, it is an 
ever - changing and complex environment and even 
more focus is required by all stakeholders in the 
future to make this exciting venture a successful one.  

What are  ‘emerging  markets’?

 The term  ‘ emerging markets ’  originated in the fi nan-
cial sector and was fi rst coined in 1981 within the 
World Bank as a more appealing replacement for the 
previously used description of countries as  ‘ Third 
World ’ . Later in the 1980s, the fast - growing econo-
mies of South - East Asia temporarily acquired the tag 
 ‘ Asian Tigers ’ . In 2001, Jim O ’ Neill, chief economist 
of Goldman Sachs, came up with the acronym  ‘ BRIC ’  

for the next four countries expected to enter the eco-
nomic big league: Brazil, Russia, India and China. 

 Although the term emerging market is not well 
defi ned, the 40 or so countries that now fall into this 
category are usually considered  ‘ emerging ’  because of 
their developments and reforms. Even though China 
is now considered as an economic super - power, it is 
included in this category beside much smaller econo-
mies with a great deal less resources, because both 
have embarked on economic development and 
reform programmes, and have begun to open up their 
markets and  ‘ emerge ’  on to the global scene. 

 In 2006, IMS Health fi rst used the term  ‘ pharmerg-
ing markets ’ , to defi ne pharmaceutical markets that 
were characterised by potential for signifi cant growth. 
These included the seven fast - growing and emerging 
economies of Brazil, Russia, India, China, Mexico, 
South Korea and Turkey (BRIC - MST). These coun-
tries were expected to represent 12% of the global 
pharmaceutical market by 2011, and contribute close 
to 20% of the global pharmaceutical growth expected 
by 2006 – 2011. Recently, IMS has refi ned their analysis 
and assigned China to a top tier of its own (Tier 1) in 
terms of growth; Brazil, Russia and India to Tier 2; and 
13 additional countries to Tier 3 (Figure  37.1 )  [2] .   

 The expected growth in these emerging markets 
(Figure  37.2 ) is such that they constitute important 
opportunities for multinational pharmaceutical com-
panies and will lead to signifi cant changes in the 
overall value of these markets.   

 With pharmaceutical industry focus switching 
away from the more traditional markets of USA and 
Western Europe, new challenges and opportunities 
have arisen for the R & D and medical organisations of 
pharmaceutical companies. Although the focus of this 
chapter is on pharmaceutical medicine in these emerg-
ing markets, an understanding of the underlying eco-
nomic and geopolitical changes affecting the industry 
are important in appreciating the signifi cance of 
emerging markets, and what new competencies and 
understanding may be needed to bring new medicines 
to this enormous and diverse patient population.  

The pharmaceutical market

 In recent years, the global pharmaceutical market has 
been growing at around 5% per annum to reach a 
value of $870 billion in 2010. Globally, spending on 
medicines is expected to reach nearly $1.1 trillion by 
2015, refl ecting a slowing compound annual growth 
rate of 3 – 6% . Global trends in future growth will be 
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 Regional market growth rates, particularly those 
related to emerging markets, are important factors in 
the global trends: in 2010, growth in North America 
was 1.9% while growth in Asia – Africa – Australia was 
14%. However, the absolute market size in North 

infuenced by lower levels of spending growth for 
medicines in the USA, ongoing patent expiries in 
developed markets, government health policy initia-
tives in many countries and continuing strong 
demand in emerging markets. 

Figure 37.1     Redefi ning pharmerging markets. Reproduced  with permission from IMS Health .  
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Germany, France, Italy, Spain and the UK combined, 
and approaching US levels.  
   •      Health policy .      2010 government policy decisions 
that will affect spending for medications during the 
next 5 years include the passage of the Affordable 
Care Act in the USA, which will expand health insur-
ance coverage to 25 – 30 million Americans; price con-
trols in China to ensure the sustainability of universal 
coverage; Japan ’ s fi rst price cut under its new pro-
tected innovative products policy; price reductions to 
generics and off - patent products in Spain and Italy; 
and mandatory cost – benefi t evaluations for new 
products in Germany.  
   •      Biosimilars .      By 2015, the IMS Institute expects 
spending on biosimilars to exceed $2 billion annually, 
or about 1% of total global spending on biologics. 
New biosimilars are expected to enter the US market 
by 2014, and European markets will see additional 
biosimilar molecules introduced during this period. 
This will accelerate spending for biosimilars over the 
2010 level of $311 million.    

America remains substantially larger and was worth 
$335 billion in 2010, compared with that of $130 
billion in Asia – Africa – Australia. 

 The following global and regional market dynam-
ics are expected to be important over the next 5 years:
    •      Branded generics .      Patented brands will accelerate 
their decline in share of spending. While ageing 
populations in developed markets will continue to 
drive spending on novel, patent - protected medicines, 
this will be more than offset by the impact of patent 
expiries. Globally, market share for patent - protected 
medicines, which fell from 70% in 2005 to 64% in 
2010, is expected to decline further through 2015, to 
53%. While growth for branded products in the 
emerging markets will be robust, 80 cents of every 
dollar spent on medicines in these markets in 2015 
will be for generics (i.e. for so - called  ‘ branded -
 generics ’ ), driven by the desire for quality at an 
affordable price.  
   •      Patent expiries .      Expiring patents for branded prod-
ucts will yield $98 billion in net savings to payers in 
developed countries through 2015, compared with 
$54 billion in savings realised in the 5 years to 2010. 
Patent expiries will save payers $120 billion by 2015, 
offset by $22 billion of expected generic spending for 
these medicines. Among developed markets, the USA 
will experience the largest expansion of generic 
spending, while Japan will continue to have the lowest 
share despite signifi cant policy incentives to increase 
generic prescribing and dispensing.  
   •      Innovation .      Novel therapies will continue to be 
launched to address unmet medical needs. Recent 
and upcoming launches of new medicines will bring 
important new treatment options to extend or 
improve patients ’  quality of life. These include: novel 
anticoagulants as alternatives to decades - old warfa-
rin; oral medications for multiple sclerosis with 
increased effi cacy and patient convenience; treat-
ments for metastatic melanoma that improve survival 
rates; and the fi rst therapeutic prostate cancer vaccine, 
a breakthrough advance in personalised medicine. 
With the rapid expansion in the middle classes, access 
to such novel agents is expected to increase in the 
emerging markets, driven by the private market.  
   •      Emerging markets .      Over the next 5 years, the 
emerging markets are expected to nearly double their 
spending on medicines, to $285 – 315 billion, com-
pared with $151 billion in 2010. This will be fuelled 
by strong economic growth and governments ’  com-
mitment to expanded health care access. The IMS 
Institute forecasts that, by 2015, the emerging markets 
will become the second largest geographical segment 
globally in spending on medicines  –  surpassing 

 China 

 China deserves special mention as the most important 

emerging market. With absolute gross domestic 

product (GDP) of US$7.9 trillion in 2008 and a 

pharmaceutical market that is expected to drive US$40 

billion in growth through 2013, China is positioned 

fi rmly at the forefront of the emerging markets. 

Having recently overtaken Japan as the second largest 

world economy, China is predicted to surpass the USA 

in GDP to become the world ’ s leading economy 

sometime during the 2020s, although exact estimates 

vary. China is already the largest market for several key 

industry sectors, including automobiles, mobile 

phones and TVs. Fuelled by a massive population of 

1.3 billion people, increased government spending on 

health care and a demand for drugs to treat chronic 

diseases, the pharma market in China was worth an 

estimated $48 billion in 2010, having grown at a 

compound annual growth rate of 21 – 22% over the 

past decade. It continued to grow around 17% in 2011. 

At the heart of its health care transformation is a 

landmark US$125 billion increase in government 

funding, targeting substantial improvement to the 

nation ’ s health care infrastructure and near universal 

health coverage by 2011  –  a move that is projected to 

double the size of China ’ s pharmaceutical market 

through 2013. Nevertheless, the operating environment 

remains complex and challenging, exacerbated by 

increased local competition, evolving government 

intervention on drug pricing and uncertainty around 

health care reforms. 
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     Figure 37.3     Mortality rates among men and women aged 15 – 59 years by World Health Organization (WHO) region.  
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  Epidemiology and  d isease  b urden 
 Planning for the various activities related to pharma-
ceutical medicine in the emerging markets requires a 
knowledge and understanding of the changing epide-
miology and burden of disease. Data can be accessed 
via an ongoing programme on disease burden by the 
World Health Organization (WHO)  [3] . 

 Disease burden data in the low to mid income 
markets across the various WHO regions in compari-
son to the high income, developed nations are shown 
as mortality rates (Figure  37.3 ) and disability - adjusted 
life - years (Figure  37.4 ). Although Group I diseases 
(including communicable diseases) remain the great-
est burden in Africa and some of the other emerging 
markets, it should be noted that the burden resulting 
from Group II diseases (including cardiovascular dis-
eases and cancer) is on a par with that of high income 
countries in absolute terms. As the emerging markets 
transform their economic status from low and middle 
income countries towards high income and developed 
status, the pattern of disease and the contribution of 
chronic non - communicable disease to the overall 
burden also undergoes a corresponding shift.     

  Changing  p atterns of 
 p harmaceutical  m edicine 

 In response to the changing market dynamics out-
lined above, multinational companies have signifi -

cantly increased their investments in strategic local 
alliances and manufacturing facilities in key emerg-
ing markets, most notably China, as a means of 
rapidly building their local talent pool, relationships 
with external experts and access to shorter registra-
tion timelines generally afforded to local manufactur-
ers. Several multinationals have expanded their 
portfolios through partnerships or acquisition of 
generics companies. In addition, investments in 
discovery and translational medicine, and in early 
clinical development, are accelerating, fuelled by 
the creation of dedicated R & D centres with the 
ambition and potential to deliver from molecule to 
medicine. Technology transfer, especially for vaccines 
and biopharmaceutical products, and the develop-
ment of a highly skilled local work force, have 
emerged as critical success factors in this new world 
order. 

 The emerging markets continue to attract global 
clinical trials because of their large (treatment - na ï ve) 
patient pool as well as their relative cost - effectiveness. 
However, the war for talent continues to drive up 
costs, making this increasingly a lower strategic driver 
than the need to generate local data and secure 
market access in these major growth markets. Indeed, 
China - specifi c and pan - Asian development pro-
grammes are increasingly run in parallel to US and 
Europe - directed programmes, despite the additional 
cost, in order to ensure regulatory needs are met and 
launches accelerated. 
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Trade Organization members were obliged to provide 
patent protection for any new product or process, 
although some key exemptions were allowed as 
follows.
1.     Developing countries and economies in transi-
tion from central planning were exempted from 
applying the TRIPs provisions until 1 January 2000. 
However, some developing countries delayed the 
approval of patents until January 2005, based on the 
provision to allow countries that did not have patent 
protection in a particular technology at the time of 
introduction of TRIPs up to 10 years to introduce 
the protection. However, countries that followed this 
course had two obligations. First, they had to allow 
inventors to fi le applications, although decisions on 
the patent may not be taken until the end of the 
10 - year period. This process was called the  ‘ mail - box ’  
provision (literally a  ‘ mail - box ’  is created to receive 
and date applications). Secondly, if the medicine was 
allowed to be marketed during this interim period, 
the government had to allow the applicant exclusive 
marketing rights for a 5 - year period or until a deci-
sion on the patent application was made, whichever 
was shorter.  
2.     Least developing countries (LDCs) were exempted 
from TRIPs initially until 1 January 2006 and this was 

 The worldwide economic crisis is accelerating the 
pace of change, leading to signifi cant changes in 
health care policy in many emerging markets, espe-
cially where the level of patient self - pay is high com-
pared with public or insurance - based funding [2]. 

 Major multinationals are responding to economic 
pressures and to societal need by changing their busi-
ness model  –  introducing or expanding their tiered 
pricing programmes and adjusting price   :   volume 
ratios to enhance affordability, especially in  ‘ out - of -
 pocket ’  markets. In addition, there is recognition of 
the need for fl exibility in building the right portfolio 
for each market  –  facilitating access to affordable 
treatments for chronic, non - communicable diseases 
such as diabetes and chronic obstructive pulmonary 
disease alongside the anti - infective therapies that 
have traditionally dominated. 

Intellectual property 
 One of the factors that impeded for decades the 
involvement of many of the emerging markets in the 
R & D activities of the global pharmaceutical industry 
had been the lack (or perceived lack) of political will 
to comply with different aspects of the trade - related 
aspects of intellectual property rights (TRIPs), which 
came into force in 1995  [4] . Under TRIPs, World 

Figure 37.4     Disease - adjusted life - years (DALYs) by WHO region.  
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provision in the TRIPs for compulsory licensing. This 
is a provision under Article 31 of TRIPs (under  ‘ other 
uses without authorisation of the patent holder ’ ) 
where a government allows an alternative source to 
produce the patented product without the consent of 
the patent holder. The following conditions need to 
be met to comply with Article 31.
    •      The licensee must have made reasonable and 
unsuccessful prior attempts to obtain the licence vol-
untarily from the patent holder (this provision could 
be waived in case of national emergencies or in the 
case of public non - commercial use).  
   •      The licensee must pay adequate remuneration to 
the patent holder.  
   •      The patent holder must still be allowed to continue 
to produce and commercialise the product.  
   •      The licence must primarily be given to supply the 
domestic market of the licensee. However, at the 
Doha Declaration in 2001 provisions were made to 
give extra fl exibility so that countries that do not 
have the capabilities locally could import supplies 
of patented drugs under compulsory licensing from 
other countries. This is termed the  ‘ Paragraph 6 ’  
issue as it comes under that paragraph in the Doha 
Declaration.    

 In spite of the improvements in the intellectual 
property environment, signifi cant issues still remain 
in the implementation of intellectual property across 
many of the emerging markets and this needs con-
tinuous monitoring.   

Late clinical development

 The last decade has seen a major expansion in the 
conduct of global clinical trials outside the traditional 
countries in Western Europe and North America. The 
foray into Central and Eastern Europe in the 1990s 
has been well documented and the venture has had a 
satisfactory outcome with this region currently being 
the major contributor of clinical trials in Europe for 
many sponsors. The turn of the century has seen a 
similar expansion in global clinical trials to the 
emerging markets, particularly in Asia and Latin 
America. Although the recent growth in volume of 
patients enrolled into global clinical trials in the 
emerging markets has been clearly documented 
(Figure  37.5 )  [6] , the  ‘ core ’  Western countries still 
contribute the major share in absolute numbers of 
patients enrolled into these trials (Figure  37.6 ). 
However, there is a huge potential for future growth 
in the emerging markets as shown by a low index of 

later extended to 2013 and subsequently under the 
Doha Declaration to 2016  [5] .    

 Compliance with TRIPs varied across many of the 
emerging markets for a number of years. Although 
China has established, in regulation and legislation, a 
satisfactory set of intellectual property - related laws 
and regulations, defi ciencies in implementation and 
enforcement continues to cause concern. Pharmaceu-
tical counterfeiting is also still rampant in China and 
the government is conscious of the need to take stern 
action to facilitate China ’ s rapidly expanding role in 
the global pharmaceutical arena. 

 For years, India had delayed the implementation of 
TRIPs primarily as a result of lobbying power and the 
need to protect the productive generics industry. 
However, in 2005, in keeping with India ’ s emergence 
as a global economic power, the government passed 
an amendment to the Patent Act to provide for phar-
maceutical patents. However, a number of subse-
quent amendments to the Act, primarily resulting 
from local lobbying, have left the Act short of many 
of the provisions of TRIPs including some tight pro-
visions on what is patentable. Furthermore, the lack 
of a link between intellectual property and regulatory 
protection and the lack of regulations related to  ‘ data 
exclusivity ’  allows generic companies to use the data 
from the innovator in their market authorisation 
applications. 

 In Brazil,  ‘ pipeline patents ’  were introduced in 
1996, as part of the various legal changes to comply 
with TRIPs, which allowed the granting of pharma-
ceutical patents for products in development that 
have received patent protection elsewhere. However, 
the involvement of an additional review process of 
pharmaceutical patents by the Ag ê ncia National de 
Vigil â ncia Sanit á ria, the Brazilian Health Agency, in 
addition to the Brazilian Patent Offi ce (INPI) has 
resulted in an average time of 8 years from the sub-
mission to grant of patents, although steps are being 
taken to reduce this. 

 The intellectual property obligations of Russia are 
delivered as a signatory to the Paris Convention, a 
member of the World Intellectual Property Organisa-
tion although Russia is still not a member of the 
World Trade Organization. The legal framework of 
the intellectual property regulations in Russia is gen-
erally considered to be acceptable, although there are 
concerns with both the enforcement of these laws as 
well as in the considerable illegal market in counter-
feit medicines. 

 Another major area of contention applicable to 
intellectual property and the emerging markets is the 
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     Figure 37.5     Growth in patient volume in global clinical trials in traditional and emerging markets.  
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     Figure 37.6     Total patient volume in global clinical trials in traditional and emerging markets.  

Top-30 countries by total patient volume for a consistent cohort of companies

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

U
S

A

G
e
rm

a
n

y

C
a
n
a
d

a

R
u
s
s
ia

P
o
la

n
d

F
ra

n
c
e

U
K

S
p
a
in

N
e
th

e
rl
a
n
d
s

A
u
s
tr

a
lia

A
rg

e
n
ti
n
a

B
ra

z
il

It
a
ly

S
w

e
d
e

n

S
o
u
th

 A
fr

ic
a

M
e
x
ic

o

D
e
n
m

a
rk

C
z
e
c
h
 R

e
p
u
b
lic

In
d
ia

F
in

la
n

d

H
u
n
g
a
ry

C
h
in

a

N
o
rw

a
y

B
e
lg

iu
m

K
o
re

a

U
k
ra

in
e

R
o
m

a
n
ia

P
e
ru

C
o
lo

m
b
ia

C
h
ile

V
o
lu

m
e
 o

f 
p
a
ti
e
n
ts

 e
n
ro

lle
d

(2
0
0
5
–
2
0
0
7
)



Pharmaceutical medicine in the emerging markets 737

produce high quality science and medical graduates 
who are able to function as study monitors and clini-
cal trial associates for the sponsors.  
4.     Needs of the emerging markets .      There are several 
advantages to the emerging markets themselves in 
attracting this increase in high quality clinical trials. 

    •      the trials will provide local clinical trial data to 
meet the prerequisite requirements of some of the 
national regulatory agencies, such as in China and 
India (see Box  37.1  for list of countries that need 
local clinical trial data as a prerequisite for product 
registration);    
   •      in some disease areas such as oncology, the clini-
cal trial will provide the opportunity for these 
patients to have access to investigational com-
pounds and/or approved therapies;  
   •      the scheduling of global trials will enhance the 
capability of trial sites in these markets and train 
investigators and monitors; and  
   •      increasing the capabilities in these markets will 
further facilitate the conduct of high quality trials 
in diseases of the developing world and neglected 
diseases.      
 The expansion in the scheduling of clinical trials 

in these newer markets also requires a good under-
standing of the complexities of these markets and the 
need to address some of the specifi c issues that are 
quite different to the developed world. Some of these 
factors are summarised below.
    •      The medical and scientifi c staff in the home R & D 
markets of the sponsor companies should be edu-
cated and trained in the varying cultural, ethical, 
medical and regulatory issues of these markets. They 
should also note that these issues vary enormously 
across the different markets and the region as a whole 

 ‘ trial density ’  (defi ned as the number of recruiting 
sites in a given country divided by the population in 
millions)  [7] . The drivers for future growth in these 
markets are well documented and include both  ‘ push ’  
and  ‘ pull ’  factors.
1.     Access to patient populations .      With the expansion 
of a plethora of novel targets and molecules resulting 
from the technological advances in genomics and 
combinatorial chemistry in the latter part of the 
twentieth century, more and more molecules are cur-
rently being evaluated in clinical trials across a wide 
range of diseases by a number of pharmaceutical 
companies. Many of the new agents are for chronic 
diseases and therefore involve lifelong therapy. The 
stringent regulatory environment increasingly man-
dates the assessment of risk – benefi t in greater number 
of patients and for longer periods. These factors have 
contributed to the saturation and shortage of patients 
and investigators for trials in Western Europe and 
North America and hence the need to look at alterna-
tive clinical trial sites in the emerging markets. The 
increase in prevalence of  ‘ Western diseases ’  such as 
cardiovascular disorders and diabetes in many emerg-
ing economies makes it logistically feasible to include 
these countries in global trials.   

 The trials in non - traditional markets also offer 
other benefi ts in terms of access to patient popula-
tions. Because the trials will include patients with a 
wider ethnic variation, it allows the assessment of 
risk – benefi t in subgroup of patients using pharmaco-
genetic technologies. Also in countries where cur-
rently available therapies are not routinely used, 
treatment - na ï ve patients can be recruited into appro-
priately designed protocols.  
2.     Economics .      The cost of conducting trials in the 
emerging markets is considerably less than the devel-
oped world. However, the experience from Central 
and Eastern Europe has shown that this differential is 
often exaggerated as additional costs for infrastruc-
ture development have to be borne by the sponsor, at 
least in the early stages. Furthermore, as economies 
advance and earnings of the population rise, there is 
further erosion of the difference.  
3.     Capabilities .      In many emerging markets, institu-
tions and hospitals have standards of medical practice 
comparable to the developed world. These institu-
tions are manned by academics and practitioners 
who are highly skilled and trained, many indeed 
having undergone the entirety or part of their train-
ing in the developed world, and are able to provide 
leadership to the clinical trials sites of global trials. 
Furthermore, these countries are continuing to 

BOX 37.1       

 ( a ) Prerequisite for  l ocal  c linical  t rials for  p roduct 

 r egistration in  e merging  m arkets  

  Markets  t hat  r equire  l ocal  b ridging  s tudies 

 Korea * , Taiwan  

  Markets  t hat  r equire a  p re -  r egistration  c linical  t rial  † 

 China, India, Nigeria, Korea, Russia 

 (b) Countries requiring information beyond 

investigator brochure and protocol for local trial 

 Argentina, Brazil, China, Costa Rica, Hong Kong, 

India, Indonesia, Korea, Malaysia, Singapore, South 

Africa, Taiwan, Thailand, Turkey, Vietnam  

*  Either bridging study or local trial required.  
  †    Local trial may be waived, if suffi cient patients are 

included in global trials.   
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 threatening diseases, the sponsor should commit to 
the provision of the trial medication to those demon-
strating meaningful benefi t, even if the medicine has 
not been approved and licensed for use.  
   •      Careful consideration should be given to the selec-
tion of the standard of care in the control groups of 
trials to determine whether the care should be the 
 ‘ best current treatment available anywhere in the 
world ’  or refl ect the  ‘ treatment currently available 
in the participating country ’ . Selecting the latter 
option will be more relevant locally as it enables 
the comparison of the new treatment with the 
best available in the country and the data will be 
applicable to the care of patients in the community. 
However, in designing global trials, it may be scien-
tifi cally and medically valid to select the  ‘ best availa-
ble treatment ’ , particularly when there is widespread 
agreement. It is, of course, essential to ensure that the 
standard of care is never less than the locally accept-
able standard. The criteria for using placebo in the 
control arm should be no different to that in the 
developed world.  
   •      Compliance with the study treatment and main-
taining regular follow - up could be problematic in 
trials in emerging markets. In many instances, the 
trial centres are in major cities while the participating 
patients may come from distant rural areas, often 
with very poor transport facilities. Additionally, other 
cultural factors such as variations in diets and the 
concomitant use of alternative therapies need to be 
factored into the design of the study and analysis of 
the data.  
   •      The multitude of languages and dialects across 
many of these markets, let alone within a single 
country such as India, need to be taken into consid-
eration prior to the selection of countries for partici-
pation in global trials. Although investigators and 
ethics committees in many countries are able to work 
with study documents in English, in other countries 
(e.g. China) documents need to be translated. Addi-
tionally, in most markets, patient - related documents 
including informed consent forms require transla-
tions. This becomes a particular issue with docu-
ments linked to study endpoints (e.g. quality of life 
questionnaires) as validation of the test material will 
be required.     

Regulations

 The regulatory environment in the emerging markets 
is extremely variable in terms of the requirements for 

is less homogeneous than Western Europe or North 
America.  
   •      The sponsors should proactively build local capac-
ity and capabilities, particularly in some of the larger 
key markets (e.g. the BRIC markets). Employment of 
local staff and their ongoing training and develop-
ment is a key contributory factor to success in these 
markets. However, it is also important not to dilute 
the clinical trial capabilities in a wide range of markets 
and each sponsor should strategically select the 
markets for investment.  
   •      There needs to be recognition that all trials will be 
conducted to the same standard globally and in com-
pliance with GCP of the International Conference on 
Harmonisation (GCP - ICH) and any specifi c national 
regulatory and legal requirements. This as a minimum 
should cover the use of scientifi cally and medically 
sound protocols, approval of the study by an inde-
pendent ethics committee, selection and training of 
suitably qualifi ed investigators and ensuring the 
rights, well - being and safety of the subjects.    

 There are some specifi c aspects of GCP and the 
Declaration of Helsinki that need special attention in 
the scheduling of clinical trials in the emerging 
markets.
    •      Obtaining informed consent can pose a particular 
challenge owing to local cultural factors and low lit-
eracy of some trial subjects. Extra precautions should 
be taken to ensure that all the key elements of the 
informed consent are in place and appropriate cul-
tural nuances are included in the process of obtaining 
consent. This could involve the use of family members 
or local community leaders. Where consent cannot be 
in writing, the investigators need to work with inde-
pendent witnesses to verify that the relevant informa-
tion has been explained to and understood by the 
participants.  
   •      Clinical trials should only be conducted in coun-
tries where the investigational medicine will be suit-
able, when available, for wider use in the community 
and where the trial programme fi ts into the health 
care strategy of the country. Clinical trials should not 
be conducted in countries where the sponsor has no 
prior intention to market the medicine.  
   •      The protocol of the study should clearly address the 
provision of a locally relevant optimal standard of 
care on conclusion of the clinical trial. There should 
be a clear agreement between the sponsor and the 
institution conducting the trial that the health care 
system is responsible for and able to provide contin-
ued care, including the provision of nationally 
licensed medicines for trial participants. For life -
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    •      The regulatory systems in Brazil are well estab-
lished, under the national regulatory agency Ag ê ncia 
National de Vigil â ncia Sanit á ria, and are understand-
ably closely aligned to the FDA requirements and 
processes, with approval times around 12 months. 
There is also a recent and welcome move to harmo-
nise activities, initially focusing on the regulatory 
dossier, across some of the key Latin American regu-
latory agencies.  
   •      Russian regulations are closely linked to the EU 
requirements for product registrations, with average 
approval times ranging between 18 and 24 months. 
The Federal Ministry of Healthcare and Social Devel-
opment has recently taken over the complete over-
sight and operation of policies and regulations, 
including the review and approval of medicinal prod-
ucts, from the Federal Service of Control and Super-
vision (Roszdravnadzor). Early in 2011, Russia 
implemented a mandatory requirement for some 
form of local (i.e. Russian patient in Russia) clinical 
trial for product registration.  
   •      The regulatory environment in China is one of the 
most challenging amongst the BRIC countries. 
Although the Chinese Regulatory Authority, the State 
Food and Drug Administration (SFDA), has been 
reorganised and strengthened resourcewise with the 
intention of shortening the regulatory processing 
time and a fast - tracking process has been introduced 
for medicines in AIDS, cancer and rare diseases, there 
are a number of areas that need to be improved. 
These include the implementation of the Regulatory 
Data Protection, a simplifi cation of a currently 
complex categorisation system for review based on 
the phase of development of the medicine, restric-
tions in the export of tissue samples and a number of 
logistical and administrative issues. Currently, these 
combine to drive approvals for new products in 
China to timelines generally 2 – 3 years after approval 
in ICH countries, with even longer timelines for vac-
cines. Increasingly, multinational companies are 
seeking to achieve the required patient numbers 
through inclusion of China in global or regional 
studies rather than conducting a local trial. This has 
the advantage of accelerating registration of products 
through the usual Class III route  –  a CPP being 
required prior to NDA submission rather than before 
a local study can be started. This route is being 
strongly encouraged by the SFDA, and both the SFDA 
and the scientifi c review body  –  the Centre for Drug 
Evaluation  –  have enhanced the access of their own 
staff to applicants both before submission of the 
dossier and throughout the review process.    

both clinical trial applications and product 
registrations. 

 Two key requirements should be considered in the 
assessment of criteria for registration of products in 
the emerging markets. One is the provision of the 
Certifi cate of Pharmaceutical Product (CPP) by the 
applicant and the other is the need for local trials or 
the inclusion of local patients in global trials as a 
precondition for approval. The requirements for a 
CPP fall into fi ve categories  [8] :
1.     a CPP is not required;  
2.     submission can be made but a CPP is required 
prior to approval;  
3.     a CPP is required at submission, from a specifi ed 
 ‘ reference ’  agency (e.g. country of manufacture);  
4.     a CPP is required at submission from any suitable 
 ‘ reference ’  agency; and  
5.     multiple CPPs are required at submission.    
 When the CPP is required to be from the country of 
manufacture, the sourcing strategy and anticipated 
labelling in that market become important compo-
nents of overall strategic planning. The CPP should 
comply with the format specifi ed by the WHO and 
gives details about a single named medicinal product, 
its manufacturing processes, its formulation and its 
manufacturing and packaging sites. 

 In some countries there is a prerequisite to conduct 
safety and effi cacy clinical trial(s) or a bridging study 
in the country before a product can be approved for 
marketing. Furthermore, only a protocol and an 
investigator brochure need to be provided for the 
regulatory approval of a clinical trial in some markets 
whereas others may request additional clinical and 
non - clinical technical information in a formal clini-
cal trial application (Box  37.1 ). Timelines for approval 
of clinical trials, by both ethics committees and regu-
latory authorities, are highly variable across the 
region, ranging from a month or so in Singapore to 
5 and 12 months or more for India and China, 
respectively. 

 Another issue is that the processes and regulations 
for the maintenance of licences are signifi cantly 
underdeveloped with data requirements and time-
lines that are not aligned to ICH countries. This 
can result in delays in product supply (because of 
delays in approval of technical variations or source 
changes) and delays in label updates, including the 
provision of new safety information to health care 
professionals. 

 Some salient features of the regulatory processes 
for product approval in the BRIC countries are given 
below.
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Commercialisation of  medicines

 The emerging markets provide new challenges and 
dynamics in the commercialisation of medicines. 
Although the market was dominated by local compa-
nies and generics for several decades, there has been 
an increasing interest in launching branded products 
by multinational pharmaceutical companies, driven 
by the factors discussed earlier: the changes in 
the intellectual property environment, the cost -
 containing environment in the traditional developed 
world markets and the growth of middle classes in 
the newer markets with increasing governmental and 
private investments in health care. 

 The marketing of medicines in the emerging 
markets has to take into consideration the price 
control mechanisms that operate in some countries 
(e.g. Brazil, Mexico, Taiwan, Turkey) either on a par 
with the developed world or, in others, such as South 
Korea, at an even more stringent level. Price controls 
operate in some private markets (e.g. Brazil, India) 
where there is little or no public drug provision. 
Other markets (e.g. China, South Korea, Taiwan) 
control prices for reimbursement of medicines in the 
public sector. There is an increasing trend for coun-
tries to develop their own Health Technology Assess-
ment programmes, comparable to the UK ’ s NICE 
programme. The dilemma for the industry in the 
latter markets is whether to accept the price controls 
and retain the reimbursable status or to compete 
entirely in the private market. Interestingly, in many 
markets the rising middle classes demonstrate a pref-
erence for branded products, enabling these products 
to compete with generic products in some market 
segments. Nonetheless, health economic evaluations 
are becoming increasingly important for the public 
sector and managed care segments in many emerging 
markets (e.g. Brazil, Russia and South Korea). 

 Special strategies are needed to provide affordable 
medicines to the LDCs. For diseases that are confi ned 
to these countries (i.e.  ‘ diseases of the developing 
world ’  or  ‘ neglected diseases ’ ), innovative solutions 
including public – private partnerships (PPPs) and 
advanced market commitments (see  ‘ Development of 
medicines for the diseases of the developing world ’ ) 
and compulsory licensing (see  ‘ Intellectual property ’ ) 
could be considered. However, for diseases that are 
also relevant for high income markets (e.g. AIDS and 
 ‘ Western diseases ’  such as diabetes and cardiovascular 
disorders), additional solutions are required to make 
these medicines affordable to the LDCs. The concept 
of differential pricing has been put forward and 

 Because of the increasing mutual acceptance of 
data between Japanese, Korean and Taiwanese 
authorities, these countries are increasingly being 
considered alongside China in pan - Asian registration 
strategies. This trend will continue for several years 
and probably will ultimately allow for more pooling 
of patient data between these countries to satisfy 
regulatory needs.
    •      The regulatory processes for product approvals 
in India generally follow international norms and 
approval times average 12 – 18 months. Although 
regulations require a local phase III study to be per-
formed, this may be waived if suffi cient Indian 
patients are included in global trials included in the 
dossier. One major challenge in India is the regular 
organisational and process changes which can accom-
pany appointments of the Drug - Controller General, 
India. Overall there is a steady move to federalise drug 
regulation with the power of State authorities being 
somewhat limited to specifi c operational areas such 
as GMP inspection.    

 All the above issues are well recognised by industry 
and in the recent past much positive sharing of infor-
mation and mutual challenges have taken place 
between the industry and the relevant agencies. Such 
discussions provide a much welcomed platform for 
the future rationalisation of regulatory requirements, 
the appropriate use of limited resources at the agen-
cies and a more harmonised environment that 
encourages and facilitates true global development 
and registration. Additionally, the establishment of 
the Global Cooperation Group at ICH, which has 
given authorities from China, India, South Africa and 
other emerging markets the opportunity to be 
involved in ICH discussions, is a welcome move. It 
provides a good platform for Global Cooperation 
Group members not only to discuss areas and issues 
of mutual interest, but also to enhance communica-
tion and information fl ow from the ICH to these 
member countries. This should facilitate the estab-
lishment of regulatory platforms that will further 
enhance globalised drug development and regulatory 
approvals. 

 The next few years are likely to see development in 
the areas of classic R & D in the emerging markets (not 
simply local clinical studies for regulatory or com-
mercial needs) and a higher degree of transparency 
 –  including more opportunity for meaningful pre -
 fi ling consultations with agencies, more technical 
transfer of value - added manufacturing operations 
and an increased level of information sharing between 
agencies.  
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prevalence compared with the developed world is 
seen. HIV/AIDS, respiratory infections including 
tuberculosis, diarrhoeal disease and tropical diseases 
such as malaria are important contributors to mor-
tality. Although indigenous factors such as poor edu-
cation and awareness of diseases together with a 
failure to use existing medications effectively impact 
on the disease burden, the paucity of new interven-
tions to these diseases has remained a signifi cant con-
tributory factor. Additionally, a number of important, 
although relatively rare diseases, termed the  ‘ neglected 
diseases ’ , including African trypanosomiasis (sleeping 
sickness), South American trypanosomiasis (Chagas 
disease), leishmaniasis, schistosomiasis and fi lariasis 
have also suffered from the absence of new interven-
tions. More recently, there has been a signifi cant and 
positive change in the investments directed towards 
diseases of the developing world. Several factors have 
contributed to this change. 

 First, there is recognition that this complex issue 
can only be addressed by understanding the role and 
relative contributions of the various stakeholders: 
governments, non - governmental organisations and 
charities, and the pharmaceutical industry. This has 
resulted in the establishment of several PPPs. Phar-
maceutical companies have worked with or been part 
of PPPs to address and enhance investments towards 
searching for new therapies for the diseases of the 
developing world and the neglected diseases. Some 
examples of successful PPPs to combat the diseases of 
the developing world are given below.
1.      Global Alliance for Vaccines and Immunization 
(GAVI)   [10] , was launched in 2001 to increase the use 
and access of existing vaccines and to foster the devel-
opment of new vaccines. The partnerships encom-
pass a number of governmental and non - governmental 
organisations (including the Gates Foundation, 
WHO, World Bank) and pharmaceutical companies. 
The latest report from GAVI has confi rmed the accel-
erated access to several vaccines in GAVI supported 
countries leading to an estimated prevention of over 
5 million future deaths.  
2.      PATH Malaria Vaccine Initiative   [11]  was estab-
lished in 1999 to accelerate the development of malaria 
vaccines and enhance their access to the developing 
world. PATH is a non - profi t organisation which works 
towards enhancing PPPs towards its stated objective of 
a malaria - free world. The vaccine portfolio in clinical 
development has increased dramatically in recent 
years with encouraging data on the lead vaccine in 
phase III developed in collaboration with Glaxo-
SmithKline and the Gates Foundation.  

indeed implemented by many companies. This 
involves the supply of these essential medicines at 
lower (i.e. differential) prices to the LDCs while 
maintaining a market barrier for the re - importing of 
these medicines back into the high income markets 
by distributors  [9] . This could be achieved by agree-
ments with donor and host governments and pur-
chasers to ensure market separation by using special 
markers for the products supplied to the LDCs. 
Another avenue open is the negotiation of confi den-
tial rebates with the LDCs without a difference in 
market price thereby making the products unattrac-
tive for re - importation. 

 It is also important to ensure the highest level of 
ethics and medical governance in the commercialisa-
tion of medicines in the emerging markets. Although 
BRIC and many other fast developing markets in Asia 
and Latin America have embarked on self - regulating 
codes of marketing practices modelled on the codes 
of the International Federation of the Associations of 
Pharmaceutical Physicians and the International Fed-
eration of Pharmaceutical Manufacturers and Asso-
ciations and governmental laws and regulations are 
rapidly developing in these markets, it is the re -
sponsibility of pharmaceutical physicians to ensure 
compliance with the codes. Many pharmaceutical 
companies are increasingly developing corporate and 
R & D roles to oversee the global delivery of medical 
governance. As has been seen over many years in 
North America, Medical Science Liaisons are now 
being used in emerging markets to work with 
opinion - leading doctors and to communicate the 
benefi ts and risks of pharmaceutical products. These 
Medical Science Liaisons are typically part of the 
medical organisation but work closely with other 
customer - facing business colleagues. The use of 
Medical Science Liaisons can facilitate more effective 
product communication and risk - minimisation 
activities during a new product introduction.  

Development of medicines for the 
diseases of the developing world

 The WHO data on burden of disease have highlighted 
the fact that although non - communicable chronic 
diseases such as cardiovascular disorders and diabetes 
are increasingly prevalent, particularly in the emerg-
ing economies of the BRIC countries, communicable 
diseases still continue to have a major impact, not 
only in sub - Saharan Africa and India but also in 
Russia, China and Brazil, where a three -  to fourfold 
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vaccine and by the UK and other European countries 
towards the development of a malarial vaccine. The 
GAVI 2010 report has confi rmed a 90% reduction in 
the price of pneumococcal vaccine as a result of the 
advanced market commitment process.  

The future:  re-engineering R&D
through  emerging  markets

 The major shift in growth away from mature, devel-
oped economies to the faster growing economies of 
the emerging markets is also being accompanied by 
signifi cant changes in the focus of R & D and praction-
ers of pharmaceutical medicine. Many analysts pre-
dicted a dramatic expansion of core pharmaceutical 
R & D in the coming years, particularly in India 
and China, and other BRIC markets; this is now 
reality. This has involved further expansions in both 
low cost and high volume ventures such as manufac-
turing and data management and in the globalisation 
of clinical trials, but also investments further up 
the R & D value chain to discovery medicine, non -
 clinical development and early clinical development, 
including translational medicine. Various R & D 
models will develop to encompass this full spectrum 
of activities. These R & D models will range from alli-
ances of multinational and local R & D - based compa-
nies, offshoring of components of drug discovery and 
development through contract research organisations 
and academic alliances to the full development of 
dedicated R & D centres based in some of these 
markets Although some of these R & D centres will 
begin to focus on certain niche areas, some multina-
tional companies have already moved signifi cant 
resources and capabilities out of traditional head-
quarters and into the the emerging markets  [15] . 
Global business units are also relocating away to be 
near their R & D partners as China is increasingly the 
key market for primary care products in diabetes, 
hypertension, etc. Another area of possible involve-
ment is the exploration of the untapped potential of 
indigenous therapies. However, it is also likely that 
the offshoring of research, unlike development activi-
ties, will take place at a slower pace and be confi ned 
to some key areas such as synthetic chemistry, animal 
and clinical pharmacokinetics and bioinformatics, 
driven by a shortage of skilled staff in the developed 
world and a comparable increase in talent in these 
areas in the newer markets. 

 Another factor contributing to the  ‘ pull ’  of a broad 
R & D investment by multinationals is the change in 

3.      Medicines for Malaria Venture   [12]  was launched 
in 1999 to discover and develop new antimalarial 
drugs that are affordable and accessible. The Gates 
Foundation is a key contributor to the partnership. 
The progress made in the use of artemisinin com-
bination therapies for children and artesunate 
injections for severe malaria have been notable 
achievements  
4.      Global Alliance for TB Drug Development (TB Alli-
ance)   [13] , with signifi cant contributions from the 
Gates and Rockefeller Foundations, has not only been 
exploring new interventions, but also looking at 
modifi cations to existing drugs and extending the use 
of existing antibiotics to the treatment of tuberculo-
sis. One of the key initiative is to reduce cost and 
increasing compliance with existing therapies by sim-
plifying treatment regimens. A new initiative, the 
Critical Path to TB Drug Regimens was launched in 
2010 to facilitate the testing of combination therapies 
and regimens, particularly to combat multidrug -
 resistant tuberculosis.  
5.      Drugs for Neglected Diseases Initiative   [14]  was set 
up in 2003 driven by M é decins Sans Fronti è res part-
nering a number of research institutes. The focus of 
this initiative is on African trypanomiasis, Chagas 
disease and leishmaniasis.    

 Secondly, there is an increasing acceptance by the 
pharmaceutical industry of its social obligations and 
the development of the concept of a  ‘ social contract ’  
or  ‘ corporate social responsibility ’ . This has now 
become an integral part of the strategy of many 
research - based pharmaceutical companies and 
includes a commitment to undertake activities related 
to health care in developing countries. These invest-
ments include activities encompassing a number of 
areas including the R & D of medicines for the devel-
oping world, improving affordability and access of 
medicines and investments in preventative and health 
education programmes. 

 Thirdly, there is recognition by governments that a 
private industry needs to be rewarded in terms of a 
reasonable return and that multiple stakeholders 
should share in the risks of investment in the R & D of 
medicines for these neglected diseases. The develop-
ment of the concept of advanced market commit-
ments, particularly for the development of vaccines, 
is an example of this approach. The primary principle 
of this concept is the commitment by governments 
of payments in advance at an agreed price dependent 
on the product meeting a pre - specifi ed  ‘ technical 
target product profi le ’ . Such a commitment is 
espoused by several countries for the pneumococcal 
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strategy of the emerging markets themselves in 
increasing their own investment in pharmaceutical 
R & D in an attempt to transform themselves from 
generic manufacturers to global R & D - based compa-
nies. For example, six of India ’ s top pharmaceutical 
companies increased their R & D investment by 20% 
between 2003 and 2005  [16] . The regulatory environ-
ment in some of these markets is also more receptive 
to some of the more controversial areas such as stem 
cell research although the regulatory environment is 
more stringent for some other activities (e.g. animal 
experimentation in India and export of biological 
materials in China). 

 The eventual success of this venture is also depend-
ent on the training and development of the staff in 
the emerging markets on all aspects of pharmaceuti-
cal medicine. People and competency development 
may be the most signifi cant challenge and will likely 
require experienced expatriate managers with good 
cross - cultural sensitivity to be located in emerging 
markets for the forseeable future (as in other growth 
industries). This focus on developing competencies 
also provides an opportunity for collaborative ven-
tures on education and training between established 
institutes in the developed world, both university 
academic centres, R & D departments of pharma-
ceutical companies and accreditation bodies in 
pharmaceutical medicine such as the Faculty of 
Pharmaceutical Medicine of the Royal College of 
Physicians in the UK and similar institutes in the 
emerging markets. Recently, a number of pro-
grammes in pharmaceutical medicine have been 
launched in some of the emerging markets and it will 
be opportune to establish formal collaborations with 
many of the initiatives that are currently in place in 
Europe.  
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Introduction 

 With reduced research and development (R & D) pro-
ductivity, biopharmaceutical companies are eager to 
take advantage of the promising opportunity pre-
sented by biosimilars, as biologics with global sales of 
$63 billion come off patent by 2016  [1] . 

 By 2015, global sales of biosimilars are forecast by 
IMS Health to reach US$1.9 – 2.6 billion, up from 
US$378 million for the year to the fi rst half of 2011 
 [2] . This could be the fastest growing biologics sector 
in the next 5 years, according to IMS Health, albeit 
from a small base, and driven by dynamics which will 
see new biosimilars enter the US market by 2014, 
bring more molecules to Europe in the period to 
2015, and open up oncology and autoimmune disease 
areas to biosimilars for the fi rst time. 

 Biologics differ from conventional small molecule 
drugs in that they are created from living organisms, 
either naturally or via genetic manipulation (e.g. 
monoclonal antibodies), or are manufactured from 
complex building blocks of living organisms (e.g. 
siRNA, aptamers, ). In either case, they demonstrate 
considerable molecular complexity and heterogene-
ity, and are more diffi cult to characterise physio-
chemically than synthetic chemical entities. Indeed, 
some components of a fi nished biologic may be 
unknown. These large, complex molecules, or mix-
tures of molecules, are often manufactured using 
recombinant DNA technology  [3] . Examples include 
insulin, growth hormone and erythropoietins. This 
complexity means that for biologics,  ‘ the product is 
the process ’ , and manufacturers must use a manufac-

turing process that remains consistent over time to 
ensure product consistency, quality and purity. 

 In contrast, conventional drugs  –  chemical entities 
of low molecular weight typically ranging from 300 
to 600 daltons  –  are typically produced by chemical 
synthesis, have well - defi ned chemical structures and 
can be analysed to identify all components. Drug 
makers can alter the production process extensively 
and use laboratory tests to confi rm that the product 
remains the same. 

 These differences are refl ected when branded prod-
ucts are substituted with  ‘ generics ’ , once patent life 
has expired, a step that has contributed enormously 
to making many medicines affordable. For biologics, 
demonstration of comparability between different 
forms of a biological product is very demanding, not 
least because the products cannot be identical, only 
similar, hence the term  ‘ biosimilar ’ . The active sub-
stance is similar to the reference and is generally 
administered at the same dosage to treat the same 
disease, but a biologic is the unique product of cell 
lines and processes used in its manufacture. While the 
primary amino acid backbone of a biosimilar protein 
should be identical to that of the reference product, 
the glycosylation pattern will vary with the cell type 
used, and its activity, which includes immunogenic-
ity, is usually dependent on glycosylation patterns. 
The complexity of production makes exact replica-
tion of the originator molecule virtually unattainable 
and batch - to - batch variation in physicochemical 
properties, purity and quality of all biological prod-
ucts must be monitored carefully as these may affect 
biological activity. 
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 The European biosimilar market is valued at 
around US$172 million (2010 fi gures presented by 
Frost  &  Sullivan in March 2012  [7] ), of which 60% is 
held by erythropoietin, 20% by granulocyte colony 
stimulating factor and 20% by human growth 
hormone.  

The European  Medicines Agency
 The EMA published test procedures and acceptance 
criteria for biological products in 1999. Demonstra-
tion of biosimilarity was not restricted to physico-
chemical properties, but also required comparison of 
potency using pharmacodynamic (PD) endpoints 
and measures of effi cacy and safety in patients 
with those of a reference product. A thorough inves-
tigation of immunogenicity was critical to address 
safety implications associated with changes in 
manufacturing. 

 Although this early guidance addressed some of 
the critical concerns associated with biologic prod-
ucts, the fi rst EMA general guideline on biosimilar 
products was not published until 2004  [8] , and this 
was followed in 2005 by a guideline relating to 
biotechnology - derived proteins as active substances. 

 The EMA published several additional regulatory 
guidances after an initial specifi c regulatory guidance 
on 30 October 2005  [9] . Two general guidance docu-
ments addressed quality and preclinical and clinical 
perspectives (June 2006), four product - specifi c 
annexes covered preclinical and clinical issues (June –
 July 2006) and these were followed by a manufactur-
ing change comparability guideline (November 
2007). The documents outline general expectations 
and specifi c biosimilar product testing strategies at 
the manufacturing, biological effi cacy and preclinical 
safety levels. 

 It is made clear that both preclinical and clinical 
data are normally required, but the precise require-
ments for such data are taken on a case - by - case basis. 
The criteria for selection of the reference medicinal 
product must be provided, with specifi c attention to 
its critical parameters. Even if biosimilarity is accepted 
and the product approved by the EMA, a decision as 
to whether the biosimilar and reference medicine can 
be used interchangeably lies with the health care team 
and, in particular, the treating doctor; the EMA does 
not make recommendations on this important issue. 

 As of November 2012, Marketing Authorisation 
Applications had been approved by the EMA for 14 
biosimilars. The fi rst were two somatrophin (human 
growth hormone) products approved in April 2006 
for pituitary dwarfi sm, and certain other genetic 

 Conversely, chemical entities and generics have the 
same qualitative and quantitative composition with 
respect to active substances as the branded product. 
To claim that a generic medicine is equivalent to the 
branded product, regulatory authorities require a 
direct comparison of the two formulations. The com-
parison is usually made by an  in vivo  pharmacokinetic 
(PK) study in humans, showing that the rate of 
absorption and extent of bioavailability lie within 
strictly defi ned limits. If the criteria are fulfi lled, it can 
be reliably concluded that the effi cacy and adverse 
effect profi le will be indistinguishable from that of the 
branded product. The different salts, esters, ethers, 
isomers, mixtures of isomers, complexes or deriva-
tives of an active substance are considered to be the 
same active substance, unless they differ signifi cantly 
in properties with regard to safety and/or effi cacy  [4] .  

Biosimilars in  Europe 

Background 
 Historically, European and Canadian regulatory 
authorities have taken a global leadership role on 
biosimilar drug development and approval  [5] . 

 An initial unfortunate experience with a biosimilar 
product in the late 1990s served as an alert to the 
inherent risks of making apparently small changes to 
a biological product. The changes by the manufac-
turer to the formulation of erythropoietin marketed 
as Eprex (epoetin alpha) resulted indirectly in the 
induction of an immune response, which became 
manifest as a dramatic increase in the frequency of 
cases of pure red cell aplasia, requiring some patients 
to have blood transfusions and dialysis  [6] . The origi-
nal formulation of epoetin alpha was prepared using 
human serum albumin and in the modifi ed formula-
tion this was replaced with polysorbate 80 and glycine 
as stabilisers. The cause of the pure red cell aplasia 
did not become apparent for some time. Eventually, 
it was established that the polysorbate 80 leached 
from uncoated rubber bungs in prefi lled syringes for 
subcutaneous injection and behaved as an adjuvant, 
resulting in a greatly enhanced immune reaction to 
the epoietin alpha. Subsequently, the problem was 
resolved by replacement of the rubber bungs in the 
prefi lled syringes by fl uoro - resin coated stoppers. 
This salutary lesson has perhaps contributed to the 
rigorous approach of the European Medicines Agency 
(EMA) to establishing the similarity of both structure 
and activity of biosimilars to that of the innovator or 
reference product. 
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better patient access to biotechnology products and 
also to lower their cost  [13] . In 2010, seven of the 20 
best - selling drugs in this market were biologics. 
Erythropoietin alone costs the US federal medical 
system some $4 billion each year. The Congressional 
Budget Offi ce has predicted that biosimilars could 
save the country up to $25 billion over the next 10 
years. 

 In the USA, long - awaited draft Food and Drug 
Administration (FDA) guidances were issued on 9 
February 2012, describing an abbreviated approval 
pathway known as a 351(k) application process for 
approval of biosimilars  [14] . Until that date, Euro-
pean guidance provided the only International Con-
ference on Harmonisation (ICH) derived surrogate 
to guide the development of biosimilars in the USA. 

 The US Congress amended the Public Health 
Service Act to allow for the approval of biosimilars 
under the Patient Protection and Affordable Care Act, 
signed by President Barack Obama on 22 March 
2010. The law incorporates a specifi c subsection 
dealing with biosimilars, entitled the Biologics Price 
Competition and Innovation Act (BPCIA). The 
BPCIA outlines an abbreviated approval pathway for 
biosimilars and allows for interchangeability of these 
products with brand name biologics  [15 – 18] . With 
passage of the Patient Protection and Affordable Care 
Act, the biotechnology industry won a long fi ght over 
the number of years of exclusivity for innovator 
products, but this may now be in question. The 
BPCIA currently allows 12 years of market exclusivity 
for new biologics, whereas small molecule drugs nor-
mally receive only 3 – 5 years of exclusivity based upon 
the clinical data submitted. However, debate contin-
ues, in an effort to drive prices down, to reduce 
the biologic exclusivity requirements from 12 to 7 
years  –  more in line with other countries (e.g. Europe 
and South Korea provide 8 years ’  exclusivity, Japan 
and Canada each have 6 years and Australia has 5 
years)  [19] . 

 From the biosimilar sponsor ’ s perspective, these 
products offer the potential to gain a share of the 
lucrative biologics market. However, several factors 
will continue to temper the impact and growth of 
biosimilars in the USA  [20] . Firstly, the requirements 
for a product to receive an FDA interchangeability 
designation in the near term are not clear, and 
without this pharmacists would be unable to switch 
a brand to a biosimilar without physician involve-
ment. Secondly, the initial price discount for biosimi-
lars is likely to be relatively small, limiting the 
incentive to switch based on pricing alone. Thirdly, 

disorders associated with growth hormone defi ciency. 
Between August 2008 and July 2012, a further 12 
products were approved including three forms of 
erythropoietin alpha for anaemia associated with 
chronic kidney failure and cancer, two forms of 
erythropoietin zeta for similar indications and autol-
ogous blood transfusions, and seven forms of the 
granulocyte colony stimulating factor fi lgrastim for 
neutropenia in cancer and haematopoetic stem cell 
transplantation  [10] . Although Marketing Authorisa-
tion Applications for biosimilars and biological prod-
ucts in general can only be made through the central 
route in Europe, the extent to which different coun-
tries have adopted biosimilars and the proportion of 
market share taken by biosimilar products have 
varied greatly among countries and for different 
products. 

 An updated EMA guideline on biosimilars was 
published in 2010  [11] . A draft guideline issued in 
2012 is intended to replace the 2005 guideline once it 
is fi nalised  [12] . The guideline addresses the require-
ments for manufacturing processes, the comparabil-
ity exercise for quality, consideration of the choice of 
reference medicinal product, analytical methods, 
physicochemical characterisation, biological activity, 
purity and quality attributes for relevant specifi ca-
tions of the similar biological medicinal product. 
Once again the potential risks associated with differ-
ences between the proposed manufacturing process 
for the biosimilar compared with that of the reference 
medicinal product are emphasised. The use of novel 
expression systems may introduce additional risk, 
such as atypical glycosylation patterns, higher varia-
bility or even a different impurity profi le than the 
reference medicinal product. 

 The suitability of the proposed formulation with 
regards to stability, compatibility with excipients, 
diluents and packaging materials is stressed together 
with the need to demonstrate integrity, activity and 
strength of the active substance. If a different formu-
lation and/or container or closure system to the refer-
ence medicinal product is selected (including any 
material that is in contact with the medicinal 
product), its potential impact on the safety and effi -
cacy should be appropriately justifi ed.   

Biosimilars in the  USA

 Biosimilars represent a new frontier in the US phar-
maceutical industry. Availability of biosimilar drugs 
in the USA is expected to enhance competition, create 
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which only 21 products are innovative and the rest 
are biosimilars.  

India
 In June 2012, India issued regulatory guidelines pro-
viding a simple, abridged procedure for evaluation 
of biosimilars that have been approved and marketed 
in India, Europe or the USA for more than 4 years 
 [26] . The guidelines outline requirements for pre-
clinical evaluation of biological products that claim 
to be similar to already approved biopharmaceutical 
products, termed  ‘ similar biologics ’  by the Indian 
authorities. Even before the specifi c guidelines were 
issued, India has shown a high acceptance of similar 
biologics, said to account for more than half of the 
50 biopharmaceutical products approved in that 
country.  

Japan 
 Regulations currently in place for biosimilars in Japan 
include the March 2009 policies for the assurance of 
the quality, safety and effi cacy of biosimilar products 
(Notifi cation No 0304007 of the Evaluation and 
Licensing Division, Pharmaceutical and Food Safety 
Bureau (PFSB) dated 4 March 2009)  [27] . Biosimilars 
were also fi rst established as a new application cate-
gory for prescription drugs in 2009 (Notifi cation No 
0304004 of the Evaluation and Licensing Division, 
PFSB dated 4 March 2009). 

 The country ’ s Ministry of Health, Labour and 
Welfare ’ s (MHLW) biosimilars guidelines include a 
similarity standard that is close to that of the EU 
approval pathway  [28] . Under these guidelines, a 
biosimilar needs to demonstrate only enough simi-
larity to the brand product to ensure safety and effi -
cacy rather than absolute identity  [28] . The MHLW 
requires establishment of a well - defi ned manufactur-
ing process, and extensive characterisation studies to 
demonstrate the molecular and quality attributes 
of the biosimilar under the US FDA ’ s ICH Q5E guid-
ance principles, including data from preclinical 
and clinical studies. Post - marketing surveillance is 
required for all potential safety issues, including 
immunogenicity. 

 The guidelines cover recombinant plasma proteins, 
recombinant vaccines, PEGylated recombinant pro-
teins and non - recombinant proteins that are highly 
purifi ed and characterised  [29] . In contrast to the EU 
regulations, polyglycans such as low molecular weight 
heparin are excluded. Synthetic peptides are also 
excluded. Two biosimilars, somatrophin and Epoetin 
alfa BS, have been recently approved in Japan  [30] .  

the US pharmaceutical market is driven by innova-
tion, with physicians and patients being quick to 
adopt innovative therapies. However, as decision -
 making power gradually shifts from physicians 
to payers, biosimilars will likely play an increas -
ing part.  

Biosimilars in  other regions

Brazil 
 Brazil ’ s National Health Surveillance Agency 
(ANVISA) issued its fi rst guidelines for biological 
products in 2002 (RDC 80/2002), applying to both 
originator biologicals and biosimilars  [21] . In 2005, 
these regulations were revised, but no alternate 
pathway was specifi ed for biosimilars, and a full reg-
istration dossier was still required. Brazil then intro-
duced new guidelines setting specifi c pathways to 
licence biosimilars (Resolution No. 55/2010). These 
are based on global guidelines such as the WHO 
Similar Biological Product Guidelines. They outlined 
two regulatory pathways for biosimilars: one requir-
ing comparative data and a second,  ‘ individual devel-
opment pathway ’ , requiring a reduced dossier 
including complete data on quality issues that does 
not have to be comparative  [22] . Additional guidance 
is expected surrounding specifi c classes of medica-
tions  –  such as interferons and monoclonal antibod-
ies  –  to set out individualised requirements for these 
complex products  [23] .  

China
 China is expected to issue its fi rst set of regulatory 
standards for companies developing biosimilars in 
the near future  [24] ; these are expected to be similar 
to US and EU biosimilar guidelines. Current regula-
tions require phase III trials of all biosimilars, and 
with regard to technical requirements, there are no 
essential differences between these and the World 
Health Organization (WHO) guidelines  [25] . 

 The country ’ s health care reform and critical illness 
insurance programme, issued in 2012, is forecast to 
boost demand for biologics, particularly in oncology, 
with monoclonal antibodies at the forefront  [24] . 
Data from the Chinese State Food and Drug Admin-
istration ’ s Southern Medicine Economic Research 
Institute indicate that domestic biosimilars have been 
marketed in China for two decades, with the fi rst 
recombinant human interferon 1b launched in 1989. 
China has reportedly approved 382 genetically engi-
neered drugs and genetically engineered vaccines, of 
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approval for the biocomparable is granted at the end 
of the patent term. 

 Even though Mexico has only just set formal regu-
latory guidelines, 23 biosimilars (or non - originator 
biologicals) were registered on the Mexican market as 
of 2011.   

The future 

 In Europe, the biosimilar market is predicted by Frost 
 &  Sullivan to reach $3.9 billion in 2017, representing 
a compound annual growth rate of 56.7% from 2010 
to 2017  [7] . The main biosimilar market drivers in 
this period are forecast to be patent expiries, increased 
demand due to targeted reduction in medical expen-
ditures and emergence of new market participants. 
Market restraints are identifi ed by Frost  &  Sullivan as 
reluctance of physicians to adopt biosimilars, lack of 
access to process information and a time - consuming 
approval process. The market research company 
projects that Germany will be the most attractive 
market for biosimilars over the long term, because of 
its pro - generic policy environment and emphasis on 
cost containment. For the region overall it anticipates 
an increase in biosimilar approvals, increased demand 
due to low biosimilar costs, emergence of new protein 
class segments and continued uncertainties and risks 
for biosimilar manufacturers. 

 The EMA is now showing fl exibility in the use of 
a US marketed originator product as active compara-
tor similar to the US FDA stance ’ s that it would accept 
EU - marketed products as comparator once PK 
equivalence has been shown between EU and US 
originator products  [33] . Reference products from 
other areas outside of the European Economic Area 
will also be accepted by the EMA, as part of a move 
to facilitate the global development of biosimilars and 
avoid the unnecessary repetition of clinical trials. The 
changes will come into effect after the revision of the 
guideline on similar biological medicinal products. 
The EMA plans to release a draft version of this 
revised guideline for public consultation in early 
2013. 

 In the USA, it is still early days for biosimilars and 
the future is uncertain. The success of companies 
aspiring to manufacture biosimilars will be related 
not only to the timing of expiry of the original prod-
ucts ’  patents, but also to their technical and fi nancial 
ability to manufacture comparable products success-
fully (or modifi cation to gain additional patent cover-
age). Considerable resources are required to fi nance 

Korea 
 Biosimilars are regulated in Korea under a three -
 tiered system:
1.     the Pharmaceutical Affairs Act;  
2.     notifi cation of the regulation on review and 
authorisation of biological products; and  
3.     guideline on evaluation of biosimilar products 
 [29] .    
 Both biologics and biosimilars are covered by the 
Korea Food and Drug Administration ’ s (KFDA)  Noti-
fi cation of the regulation on review and authorization 
of biological products . The Korean guideline for 
biosimilars was developed in line with the WHO 
guideline, with most requirements similar to those of 
the WHO, with the exception of clinical evaluation to 
demonstrate similarity. The KFDA requires that 
equivalent rather than non - inferior effi cacy be dem-
onstrated before considering extrapolation of effi cacy 
data to other indications of the reference product. 

 The KFDA guideline, issued in July 2009, is also 
similar to the European and Japanese guidelines on 
biosimilars  [31] . Notably, there is no market exclusiv-
ity in Korea for biological products, meaning that an 
application for biosimilar approval may theoretically 
be fi led at any time after the approval of the origina-
tor reference drug. In practice, it would not be easy 
to fi le a biosimilar application before the expiration 
of the 6 - year re - examination period for the reference 
drug, intended to evaluate the originator drug ’ s safety 
and effi cacy through post - marketing surveillance.  

Mexico 
 Biologics and biosimilars are regulated under Mexi-
co ’ s General Health Law, as amended by decree on 11 
June 2009  [32] . This amendment addressed the issue 
of biologicals by the inclusion of Article 222, viewed 
as a legal basis for more thorough legislation. The 
amendment defi nes biosimilars as  ‘ biocomparable ’  
drugs in Mexico, but does not defi ne the type or 
quantity of studies needed for the approval of bio-
comparable drugs. It appears that clinical trials are 
always necessary, and  in vitro  studies are only neces-
sary if required to demonstrate the safety, effective-
ness and quality of the product. Mexico ’ s Federal 
Commission for the Protection against Sanitary Risks 
(COFEPRIS) published guidance for  ‘ biocompara-
bles ’  in the Mexican Government ’ s offi cial journal, 
Diario Ofi cial de la Federaci ó n , on 19 October 2011. 
These guidelines, which came into force on 20 April 
2012, allow companies to submit a dossier for 
approval of a biocomparable to COFEPRIS 8 years 
before expiry of the originator product ’ s patent; fi nal 
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preclinical and clinical comparability studies as well 
as tests of quality, needed for registration. Unlike 
small molecule generics, biosimilars will likely require 
costly phase II or III clinical trials with considerable 
development risk. Generally, one robust phase III 
comparative clinical trial is required to demonstrate 
clinical comparability. In certain cases, however, com-
parative PK/PD studies of the biosimilar and refer-
ence product may be suffi cient to demonstrate 
clinical comparability with additional immunogenic-
ity data  [34,35] . 

 Countries outside of the USA and the EU, in 
general, are taking their leads from the larger markets, 
where guidance is available, and appear to be focusing 
on similar scientifi c concerns (e.g. immunogenicity). 
Driven primarily by cost pressures, when guidance 
and experience is not available, they are forging ahead 
with region - specifi c regulations to bring cheaper 
copies of biologics to their citizens. 

 The pricing of biosimilars will no doubt be lower 
than the originator product but the difference is very 
unlikely to resemble that of the traditional generics 
market as time and cost of development, including 
clinical trials, cost of production, extensive pharma-
covigilance requirements and the limited number of 
companies capable of developing an approvable 
product will all tend to push up the price  [36] . 

 Another factor to consider is that originator bio-
logic manufacturers are implementing sophisticated 
life cycle plans, including fi ling for new patents to 
protect their branded products [e.g. Amgen ’ s compo-
sition of matter patent for Epogen (epoetin alfa)]. 
Biosimilar sponsors will need to budget for defence 
against legal actions by originator companies as 
patents and other protections disappear. 

 Looking ahead, companies that are well capitalised 
and have access to worldwide biosimilar clinical trials 
and PK/PD expertise will be at an advantage over 
those that are smaller or less well capitalised.  
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Appendix 1
Declaration of Helsinki     

     The Declaration of Helsinki, one of the most signifi -
cant documents on medical ethics, was adopted by 
the World Medical Association (WMA) at its 18th 
General Assembly in Helsinki in June 1964. The fi rst 
revision of the document was endorsed by the WMA 
at its 29th General Assembly in Tokyo in 1975. The 
most signifi cant addition in terms of the conduct of 
medical research was the requirement that independ-
ent committees (ethics committees) review research 
protocols. At the second revision adopted at the 35th 
WMA General Assembly in Venice in 1983 the 
changes were fairly minor. The third revision was 
adopted at the 48th WMA General Assembly in Som-
erset West, South Africa in 1996, which was amended 
at the 52nd WMA General Assembly held in 2000 at 
Edinburgh. This version introduced a number of 
changes including reference to the vexed principle of 
the use of placebos in therapeutic trials. Subsequent 
revisions were made in 2002 and 2004. The latest 
revision was adopted by the 59th World Medical 
Association General Assembly, Seoul, Korea in 2008. 

 A very useful review of the history and develop-
ment of the Declaration of Helsinki in the last four 
decades from its evolution from the principles enun-
ciated in the Nuremberg Code of 1947 to the current 
version has been published in the  British Journal of 
Clinical Pharmacology   [1]  and is recommended 
reading, it includes the texts of the various versions 
of the Declaration. 

 The current version of the Declaration is repro-
duced on the following page.  

  1.       Carlson   RV  ,   Boyd   KM  ,   Webb   D  .  The Revision of the Dec-

laration of Helsinki: past, present and future .  Br J Clin 

Pharmacol   2004 ; 57 : 695  –  713 .   

 Initiated: 1964 
 17.C Original: English  

World Medical Association 
Declaration of Helsinki 

Ethical Principles for Medical Research 
Involving Human Subjects 
 Adopted by the 18th WMA General Assembly, Hel-
sinki, Finland, June 1964, and amended by the: 
 29th WMA General Assembly, Tokyo, Japan, October 
1975
 35th WMA General Assembly, Venice, Italy, October 
1983
 41st WMA General Assembly, Hong Kong, September 
1989
 48th WMA General Assembly, Somerset West, Repub-
lic of South Africa, October 1996 
 52nd WMA General Assembly, Edinburgh, Scotland, 
October 2000 
 53rd WMA General Assembly, Washington 2002 
(Note of Clarifi cation on paragraph 29 added) 
 55th WMA General Assembly, Tokyo 2004 (Note of 
Clarifi cation on Paragraph 30 added) 
 59th WMA General Assembly, Seoul, October 2008  

A. Introduction 
1.     The World Medical Association (WMA) has devel-
oped the Declaration of Helsinki as a statement of 
ethical principles for medical research involving 
human subjects, including research on identifi able 
human material and data. 

 The Declaration is intended to be read as a whole 
and each of its constituent paragraphs should not be 
applied without consideration of all other relevant 
paragraphs.  
2.     Although the Declaration is addressed primarily 
to physicians, the WMA encourages other partici-
pants in medical research involving human subjects 
to adopt these principles.  



752 Appendix 1

3.     It is the duty of the physician to promote and 
safeguard the health of patients, including those who 
are involved in medical research. The physician ’ s 
knowledge and conscience are dedicated to the fulfi l-
ment of this duty.  
4.     The Declaration of Geneva of the WMA binds the 
physician with the words,  ‘ The health of my patient 
will be my fi rst consideration, ’  and the International 
Code of Medical Ethics declares that,  ‘ A physician 
shall act in the patient ’ s best interest when providing 
medical care. ’   
5.     Medical progress is based on research that ulti-
mately must include studies involving human sub-
jects. Populations that are underrepresented in 
medical research should be provided appropriate 
access to participation in research.  
6.     In medical research involving human subjects, the 
well - being of the individual research subject must 
take precedence over all other interests.  
7.     The primary purpose of medical research involv-
ing human subjects is to understand the causes, 
development and effects of diseases and improve pre-
ventive, diagnostic and therapeutic interventions 
(methods, procedures and treatments). Even the best 
current interventions must be evaluated continually 
through research for their safety, effectiveness, effi -
ciency, accessibility and quality.  
8.     In medical practice and in medical research, most 
interventions involve risks and burdens.  
9.     Medical research is subject to ethical standards 
that promote respect for all human subjects and 
protect their health and rights. Some research popu-
lations are particularly vulnerable and need special 
protection. These include those who cannot give or 
refuse consent for themselves and those who may be 
vulnerable to coercion or undue infl uence.  
10.     Physicians should consider the ethical, legal and 
regulatory norms and standards for research involving 
human subjects in their own countries as well as appli-
cable international norms and standards. No national 
or international ethical, legal or regulatory require-
ment should reduce or eliminate any of the protections 
for research subjects set forth in this Declaration.     

B. Principles for all medical research 
11.     It is the duty of physicians who participate in 
medical research to protect the life, health, dignity, 
integrity, right to self - determination, privacy, and 
confi dentiality of personal information of research 
subjects.  
12.     Medical research involving human subjects must 
conform to generally accepted scientifi c principles, be 

based on a thorough knowledge of the scientifi c lit-
erature, other relevant sources of information, and 
adequate laboratory and, as appropriate, animal 
experimentation. The welfare of animals used for 
research must be respected.  
13.     Appropriate caution must be exercised in the 
conduct of medical research that may harm the 
environment.  
14.     The design and performance of each research 
study involving human subjects must be clearly 
described in a research protocol. The protocol should 
contain a statement of the ethical considerations 
involved and should indicate how the principles in 
this Declaration have been addressed. The protocol 
should include information regarding funding, spon-
sors, institutional affi liations, other potential confl icts 
of interest, incentives for subjects and provisions for 
treating and/or compensating subjects who are 
harmed as a consequence of participation in the 
research study. The protocol should describe arrange-
ments for post - study access by study subjects to inter-
ventions identifi ed as benefi cial in the study or access 
to other appropriate care or benefi ts.  
15.     The research protocol must be submitted for 
consideration, comment, guidance and approval to 
a research ethics committee before the study begins. 
This committee must be independent of the re -
searcher, the sponsor and any other undue infl uence. 
It must take into consideration the laws and regula-
tions of the country or countries in which the research 
is to be performed as well as applicable international 
norms and standards but these must not be allowed 
to reduce or eliminate any of the protections for 
research subjects set forth in this Declaration. The 
committee must have the right to monitor ongoing 
studies. The researcher must provide monitoring 
information to the committee, especially information 
about any serious adverse events. No change to the 
protocol may be made without consideration and 
approval by the committee.  
16.     Medical research involving human subjects must 
be conducted only by individuals with the appropri-
ate scientifi c training and qualifi cations. Research 
on patients or healthy volunteers requires the super-
vision of a competent and appropriately qualifi ed 
physician or other health care professional. The 
responsibility for the protection of research subjects 
must always rest with the physician or other health 
care professional and never the research subjects, 
even though they have given consent.  
17.     Medical research involving a disadvantaged or 
vulnerable population or community is only justifi ed 
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if the research is responsive to the health needs and 
priorities of this population or community and if 
there is a reasonable likelihood that this population 
or community stands to benefi t from the results of 
the research.  
18.     Every medical research study involving human 
subjects must be preceded by careful assessment of 
predictable risks and burdens to the individuals and 
communities involved in the research in comparison 
with foreseeable benefi ts to them and to other indi-
viduals or communities affected by the condition 
under investigation.  
19.     Every clinical trial must be registered in a pub-
licly accessible database before recruitment of the fi rst 
subject.  
20.     Physicians may not participate in a research 
study involving human subjects unless they are con-
fi dent that the risks involved have been adequately 
assessed and can be satisfactorily managed. Physi-
cians must immediately stop a study when the risks 
are found to outweigh the potential benefi ts or when 
there is conclusive proof of positive and benefi cial 
results.  
21.     Medical research involving human subjects may 
only be conducted if the importance of the objective 
outweighs the inherent risks and burdens to the 
research subjects.  
22.     Participation by competent individuals as sub-
jects in medical research must be voluntary. Although 
it may be appropriate to consult family members or 
community leaders, no competent individual may be 
enrolled in a research study unless he or she freely 
agrees.  
23.     Every precaution must be taken to protect the 
privacy of research subjects and the confi dentiality of 
their personal information and to minimize the 
impact of the study on their physical, mental and 
social integrity.  
24.     In medical research involving competent human 
subjects, each potential subject must be adequately 
informed of the aims, methods, sources of funding, 
any possible confl icts of interest, institutional affi lia-
tions of the researcher, the anticipated benefi ts and 
potential risks of the study and the discomfort it may 
entail, and any other relevant aspects of the study. The 
potential subject must be informed of the right to 
refuse to participate in the study or to withdraw 
consent to participate at any time without reprisal. 
Special attention should be given to the specifi c infor-
mation needs of individual potential subjects as well 
as to the methods used to deliver the information. 
After ensuring that the potential subject has under-

stood the information, the physician or another 
appropriately qualifi ed individual must then seek the 
potential subject ’ s freely - given informed consent, 
preferably in writing. If the consent cannot be 
expressed in writing, the non - written consent must 
be formally documented and witnessed.  
25.     For medical research using identifi able human 
material or data, physicians must normally seek 
consent for the collection, analysis, storage and/or 
reuse. There may be situations where consent would 
be impossible or impractical to obtain for such 
research or would pose a threat to the validity of the 
research. In such situations the research may be done 
only after consideration and approval of a research 
ethics committee.  
26.     When seeking informed consent for participa-
tion in a research study the physician should be par-
ticularly cautious if the potential subject is in a 
dependent relationship with the physician or may 
consent under duress. In such situations the informed 
consent should be sought by an appropriately quali-
fi ed individual who is completely independent of this 
relationship.  
27.     For a potential research subject who is incompe-
tent, the physician must seek informed consent from 
the legally authorized representative. These individu-
als must not be included in a research study that has 
no likelihood of benefi t for them unless it is intended 
to promote the health of the population represented 
by the potential subject, the research cannot instead be 
performed with competent persons, and the research 
entails only minimal risk and minimal burden.  
28.     When a potential research subject who is deemed 
incompetent is able to give assent to decisions about 
participation in research, the physician must seek that 
assent in addition to the consent of the legally author-
ized representative. The potential subject ’ s dissent 
should be respected.  
29.     Research involving subjects who are physically or 
mentally incapable of giving consent, for example, 
unconscious patients, may be done only if the physi-
cal or mental condition that prevents giving informed 
consent is a necessary characteristic of the research 
population. In such circumstances the physician 
should seek informed consent from the legally 
authorized representative. If no such representative is 
available and if the research cannot be delayed, the 
study may proceed without informed consent pro-
vided that the specifi c reasons for involving subjects 
with a condition that renders them unable to give 
informed consent have been stated in the research 
protocol and the study has been approved by a 
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research ethics committee. Consent to remain in the 
research should be obtained as soon as possible from 
the subject or a legally authorized representative.  
30.     Authors, editors and publishers all have ethical 
obligations with regard to the publication of the 
results of research. Authors have a duty to make pub-
licly available the results of their research on human 
subjects and are accountable for the completeness 
and accuracy of their reports. They should adhere to 
accepted guidelines for ethical reporting. Negative 
and inconclusive as well as positive results should be 
published or otherwise made publicly available. 
Sources of funding, institutional affi liations and con-
fl icts of interest should be declared in the publication. 
Reports of research not in accordance with the prin-
ciples of this Declaration should not be accepted for 
publication.     

C. Additional principles for medical
research  combined with medical care 
31.     The physician may combine medical research 
with medical care only to the extent that the research 
is justifi ed by its potential preventive, diagnostic or 
therapeutic value and if the physician has good 
reason to believe that participation in the research 
study will not adversely affect the health of the 
patients who serve as research subjects.  
32.     The benefi ts, risks, burdens and effectiveness of 
a new intervention must be tested against those of the 
best current proven intervention, except in the fol-
lowing circumstances: 

    •      The use of placebo, or no treatment, is accept-
able in studies where no current proven interven-
tion exists; or  

   •      Where for compelling and scientifi cally sound 
methodological reasons the use of placebo is nec-
essary to determine the effi cacy or safety of an 
intervention and the patients who receive placebo 
or no treatment will not be subject to any risk of 
serious or irreversible harm. Extreme care must 
be taken to avoid abuse of this option.    

33.     At the conclusion of the study, patients entered 
into the study are entitled to be informed about the 
outcome of the study and to share any benefi ts that 
result from it, for example, access to interventions 
identifi ed as benefi cial in the study or to other appro-
priate care or benefi ts.  
34.     The physician must fully inform the patient 
which aspects of the care are related to the research. 
The refusal of a patient to participate in a study or 
the patient ’ s decision to withdraw from the study 
must never interfere with the patient - physician 
relationship.  
35.     In the treatment of a patient, where proven inter-
ventions do not exist or have been ineffective, the 
physician, after seeking expert advice, with informed 
consent from the patient or a legally authorized rep-
resentative, may use an unproven intervention if in 
the physician ’ s judgement it offers hope of saving life, 
re - establishing health or alleviating suffering. Where 
possible, this intervention should be made the object 
of research, designed to evaluate its safety and effi -
cacy. In all cases, new information should be recorded 
and, where appropriate, made publicly available.     
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Appendix 2
Agreements and Guidelines for 
Implementation of Clinical Trials     

  2.1   Clinical  t rial  a greement for  p harmaceutical 
 i ndustry  s ponsored  r esearch in  NHS   T rusts 

WHEREAS  the Sponsor wishes to contract with the 
NHS Trust to undertake a sponsored clinical trial 
entitled: 
 [ . . .  insert title    . . .    ] 
 It is agreed that the NHS Trust and Sponsor shall 
participate in the aforementioned clinical trial in 
accordance with this Agreement.  

1 Defi nitions 

1.1     The following words and phrases have the fol-
lowing meanings: 
    ‘ Clinical Trial ’  means the investigation to be con-
ducted at the Trial Site in accordance with the Proto-
col numbered [ . . .  insert identifi cation number    . . .    ].  
   ‘ Clinical Trial Subject ’  means a person recruited to 
participate in the Clinical Trial.  
   ‘ Confi dential Information ’  means in the case of obli-
gations imposed upon the NHS Trust under clauses 
6.2 and 12.8 any and all information relating to the 

2.1     Clinical trial agreement for pharmaceutical industry sponsored research in NHS Trusts, e5  
2.2     ABPI form of Indemnity for Clinical Studies, e14  
2.3     ABPI Guideline on Advertising for Subjects for Clinical Trials, e16  
2.4     Guidelines for company - sponsored Safety Assessment of Marketed Medicines, e17       

This agreement dated day of 20..
is between
[ . . .  insert name    . . .    ] NHS TRUST, of [ . . .  insert 
address    . . .    ]
(Hereinafter known as the  ‘ NHS Trust ’ )
AND
[ . . .  insert name    . . .    ], of [ . . .  insert address    . . .    ]
(Hereinafter known as the  ‘ Sponsor ’ )
NOW

WHEREAS  the Sponsor is a pharmaceutical company 
involved in the research, development, manufacture 
and sale of medicines for use in humans 
WHEREAS  the Sponsor is developing new treat-
ments for patients with [ . . .  insert disease  . . . ] 
WHEREAS  the NHS Trust is concerned with the 
diagnosis, treatment and prevention of disease 
and clinical research for the improvement of health 
care 
WHEREAS  the NHS Trust has a particular interest 
and expertise in [ . . .  insert disease    . . .    ] 
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Clinical Trial including the Investigational Medicinal 
Product and in the case of obligations imposed upon 
the Parties under clause 6.2 all information concern-
ing the arrangements contemplated by this Agree-
ment or the business affairs of one Party that it 
discloses to the other Party pursuant to or in connec-
tion with this Agreement.  
   ‘ ICH GCP ’  means the ICH Harmonised Tripartite 
Guideline for Good Clinical Practice (CPMP/
ICH/135/95) together with such other good clinical 
practice requirements as are specifi ed in Directive 
2001/ 20/EC of the European Parliament and the 
Council of 4 April 2001 relating to medicinal prod-
ucts for human use and in guidance published by the 
European Commission pursuant to such Directive.  
   ‘ Intellectual Property Rights ’  means patents, trade-
marks, copyrights, rights to extract information from 
a database, design rights and all rights or forms of 
protection of a similar nature or having equivalent or 
the similar effect to any of them which may subsist 
anywhere in the world, whether or not any of them 
are registered and including applications for registra-
tion of any of them.  
   ‘ Investigational Medicinal Product ’  means [ . . .  insert 
details of study drug/control material    . . .    ] as defi ned 
in the Protocol.  
   ‘ Know How ’  means all technical and other informa-
tion which is not in the public domain, including but 
not limited to information comprising or relating to 
concepts, discoveries, data, designs, formulae, ideas, 
inventions, methods, models, procedures, designs for 
experiments and tests and results of experimentation 
and testing, processes, specifi cations and techniques, 
laboratory records, clinical data, manufacturing data 
and information contained in submissions to regula-
tory authorities.  
   ‘ Monitor ’  means one or more persons appointed by 
the Sponsor to monitor compliance of the Clinical 
Trial with ICH GCP and to conduct source data 
verifi cation.  
   ‘ NHS Trust ’  means the [ . . .  insert name    . . .    ] NHS 
Trust that is a signatory to this Agreement.  
   ‘ Party ’  means the Sponsor, or the NHS Trust and 
 ‘ Parties ’  shall mean both of them.  
   ‘ Protocol ’  means the description of the Clinical Trial 
and all amendments thereto as the Parties may from 
time to time agree. Such amendments will be signed 
by the Parties and form a part of this Agreement.  
   ‘ R & D Offi ce ’  means the NHS Trust department 
responsible for the administration of this Clinical 
Trial on behalf of the NHS Trust.  

   ‘ Site File ’  means the fi le maintained by the Site Prin-
cipal Investigator containing the documentation 
specifi ed in section 8 of ICH GCP (edition CPMP/
ICH/135/95).  
   ‘ Site Principal Investigator ’  means the person who 
will lead and coordinate the work of the Clinical Trial 
at the Trial Site on behalf of the NHS Trust or any 
other person as may be agreed from time to time 
between the Parties as a replacement.  
   ‘ Sponsor ’  means the corporate entity that is a signa-
tory to this Agreement.  
   ‘ Timelines ’  means the dates set out in Appendix 2.2 
hereto as may be amended by agreement between the 
Parties and Timeline shall mean any one of such 
dates.  
   ‘ Trial Site (s) ’  means any premises occupied by the 
NHS Trust.    
1.2     Any reference to a statutory provision shall be 
deemed to include reference to any statutory modifi -
cation or re - enactment of it.     

2 Site Principal Investigator

2.1     The NHS Trust represents that it is entitled to 
procure and the NHS Trust will procure the Services 
of [ . . .  insert name of investigator    . . .    ] to act as Site 
Principal Investigator and shall ensure the perform-
ance of the obligations of the Site Principal Investiga-
tor set out in this Agreement.  
2.2     The NHS Trust represents that the Site Principal 
Investigator has the necessary expertise to perform 
the Clinical Trial and that the Site Principal Investiga-
tor meets and will continue to meet the conditions 
set out at Appendix 2.6 to this Agreement.  
2.3     The NHS Trust shall notify the Sponsor if [ . . .  
insert name of investigator    . . .    ] ceases to be employed 
by or associated with the NHS Trust, and shall use its 
best endeavours to fi nd a replacement acceptable to 
both the Sponsor and the NHS Trust. If no mutually 
acceptable replacement can be found the Sponsor 
may terminate this Agreement pursuant to clause 
12.3 below.     

3 Clinical Trial Governance

3.1     The Sponsor shall inform the NHS Trust and the 
Site Principal Investigator of the name and telephone 
number of the Monitor and the name of the person 
who will be available as a point of contact. The 
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Sponsor shall also provide the Site Principal Investi-
gator with an emergency number to enable adverse 
event reporting at any time.  
3.2     The Parties shall comply with all laws and stat-
utes applicable to the performance of the Clinical 
Trial including, but not limited to, the Human Rights 
Act 1998, the Data Protection Act 1998, the Medicines 
Act 1968, and with all relevant guidance relating to 
medicines and clinical trials from time to time in 
force including, but not limited to the ICH GCP, the 
World Medical Association Declaration of Helsinki, 
entitled  ‘ Ethical Principles for Medical Research 
Involving Human Subjects ’  (1996 version) and the 
NHS Research Governance Framework for Health 
and Social Care of March 2001, as amended from 
time to time.  
3.3     The Sponsor shall comply with all guidelines 
from time to time in force and published by the Asso-
ciation of the British Pharmaceutical Industry in rela-
tion to clinical trials and in particular those entitled 
 ‘ Clinical Trial Compensation Guidelines ’  (1991) a 
copy of which is set out in Appendix 2.3.  
3.4     The Sponsor shall not commit (and warrants 
that in entering into the Agreement it has not com-
mitted) any of the following facts: 
3.4.1     Provide or offer to provide to any person in the 
employment of the NHS Trust any gift or considera-
tion not contemplated by the fi nancial arrangements 
set out at clause 10 below in relation to the negotia-
tion or performance of this Agreement or any other 
contract with the NHS Trust.  
3.4.2     Make payment or agree to make payment of 
any commission to any person in the employment of 
the NHS Trust whether in relation to this Agreement 
or any other contract with the NHS Trust.    
3.5     If the Sponsor or any of his employees, agents 
or sub - contractors, or any person acting on their 
behalf, commits any of the acts referred to in clause 
3.4 above or commits any offence under the Preven-
tion of Corruption Acts 1889 to 1916, in relation to 
this or any other agreement with the NHS Trust or 
an authority that is a health service body within the 
meaning given by Section 4(2) of the National Health 
Service and Community Care Act 1990, the NHS 
Trust shall be entitled, in addition to any other 
remedy available, to terminate this Agreement with 
immediate effect.  
3.6     Should there be any inconsistency between the 
Protocol and the other terms of this Agreement the 
terms of the Protocol shall prevail to the extent of 
such inconsistency.     

4 Obligations of the Parties

4.1     The Site Principal Investigator shall be responsi-
ble for obtaining and maintaining all approvals from 
the relevant local research ethics committee for the 
conduct of the Clinical Trial and the Site Principal 
Investigator shall keep the Sponsor fully apprised of 
the progress of ethics committee submissions and 
shall upon request provide the Sponsor with all cor-
respondence relating to such submissions. The Site 
Principal Investigator shall not consent to any change 
in the Protocol requested by a relevant ethics com-
mittee without the prior written consent of the 
Sponsor.  
4.2     The Parties shall conduct the Clinical Trial in 
accordance with: 
(i)     the Protocol a copy of which for the purposes of 
identifi cation appears at Appendix 2.1 to this 
Agreement;  
(ii)     the current marketing authorisation for the 
Investigational Medicinal Product or, as the case may 
be, Clinical Trial Certifi cate or Clinical Trial Exemp-
tion Certifi cate applicable to the Clinical Trial; and  
(iii)     the terms and conditions of the approval of the 
relevant [ . . .  insert name    . . .    ] Ethics Committee (s) 
and the NHS Trust shall ensure that neither admin-
istration of the Investigational Medicinal Product to 
any Clinical Trial Subject nor any other clinical inter-
vention mandated by the Protocol takes place in rela-
tion to any such Clinical Trial Subject until it is 
satisfi ed that all relevant regulatory and ethics com-
mittee approvals have been obtained.    
4.3     The Sponsor shall make available to the Site 
Principal Investigator copies of the documentation 
referred to in sub - paragraphs (i) and (ii) of clause 4.2 
above and the Site Principal Investigator shall include 
such documents together with the Ethics Committee 
approvals in the Site File.  
4.4     The Site Principal Investigator shall inform the 
Sponsor immediately upon learning of the existence 
of any of fi nancial arrangement or interest between 
the Site Principal Investigator and the Sponsor of the 
type described at paragraph (f ) of Appendix 2.6 
hereto and for the purposes of the obligation con-
tained in such paragraph the Sponsor shall advise the 
Site Principal Investigator in writing of the comple-
tion date of the Clinical Trial.  
4.5     Neither the NHS Trust nor the Site Principal 
Investigator shall permit the Investigational Medici-
nal Product to be used for any purpose other than the 
conduct of the Clinical Trial and upon termination 
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or expiration of this Agreement all unused Investiga-
tional Medicinal Product shall, at the Sponsor ’ s 
option, either be returned to the Sponsor or disposed 
of in accordance with the Protocol.  
4.6     The NHS Trust shall recruit [ . . .  insert 
number    . . .    ] Clinical Trial Subjects to participate in 
the Clinical Trial and the Parties shall conduct the 
Clinical Trial in accordance with the Timelines.  
4.7     In the event that the Clinical Trial is part of a 
multicentre clinical trial (which for the purposes of 
this Agreement shall mean that at least one other 
institution is taking part) the Sponsor may amend the 
number of Clinical Trial Subjects to be recruited pur-
suant to clause 4.6 above as follows: 
4.7.1     if in the reasonable opinion of the Sponsor 
recruitment of Clinical Trial Subjects is proceeding at 
a rate below that required to enable the relevant 
Timeline to be met the Sponsor may by notice to the 
NHS Trust require recruitment at the Trial Site to 
cease and the terms of the Agreement shall relate 
thereafter to the number of Clinical Trial Subjects 
who have been accepted for treatment in the Clinical 
Trial at the date of such notice; or  
4.7.2     if recruitment of Clinical Trial Subjects is pro-
ceeding at a rate above that required to meet the 
relevant Timeline the Sponsor may with the agree-
ment of the NHS Trust increase the number of Clini-
cal Trial Subjects to be recruited.    
4.8     The NHS Trust shall permit the Monitor access 
to the records of Clinical Trial Subjects for monitor-
ing and source data verifi cation, such access to be 
arranged at mutually convenient times and on rea-
sonable notice. The Sponsor will report on the Clini-
cal Trial activity to the NHS Trust R & D Offi ce, the 
frequency of reports to be [ . . .  insert period as appro-
priate to the Protocol    . . .    ]. The Sponsor will alert the 
R & D Director of the NHS Trust promptly to signifi -
cant issues (in the opinion of the Monitor) relating 
to the conduct of the Clinical Trial. In the event that 
the Sponsor reasonably believes there has been any 
research misconduct in relation to the Clinical Trial 
the NHS Trust and the Site Principal Investigator 
shall provide all reasonable assistance to any investi-
gation into any alleged research misconduct under-
taken by or on behalf of the Sponsor. At its conclusion, 
the Sponsor and the R & D Director of the NHS Trust 
shall review the conduct of the Clinical Trial at the 
Trial Site, such review to take place within 3 months 
of Trial Site close - out.  
4.9     The NHS Trust shall ensure that any clinical 
samples required to be tested during the course of 
the Clinical Trial are tested in accordance with 

the Protocol and at a laboratory approved by the 
Sponsor.  
4.10     Upon completion of the Clinical Trial (whether 
prematurely or otherwise) the Site Principal Investi-
gator shall [provide the Sponsor with/cooperate with 
the Sponsor in producing] a report of the Clinical 
Trial detailing the methodology, results and contain-
ing an analysis of the results and drawing appropriate 
conclusions.  
4.11     Neither the NHS Trust nor the Site Principal 
Investigator shall during the term of this Agreement 
conduct any other trial which might adversely affect 
the NHS Trust ’ s ability to perform its obligations 
under this Agreement.     

5 Liabilities and indemnity

5.1     In the event of any claim or proceeding in respect 
of personal injury made or brought against the NHS 
Trust by a Clinical Trial Subject, the Sponsor shall 
indemnify the NHS Trust, its servants, agents and 
employees in accordance with the terms of the 
indemnity set out at Appendix 2.4 hereto.  
5.2     The Sponsor shall indemnify the NHS Trust, its 
servants, agents and employees against all claims, 
proceedings, costs and expenses (including reasona-
ble legal costs) in respect of loss of or damage to 
property which is the result of negligence on the part 
of the Sponsor or of a breach by the Sponsor of any 
of its obligations under this Agreement, save to the 
extent that any such loss or damage is the result of 
negligence on the part of the NHS Trust, its servants, 
agents or employees or of a breach of the obligations 
of the NHS Trust under this Agreement.  
5.3     The NHS Trust shall indemnify the Sponsor, its 
servants, agents and employees against all claims, 
proceedings, costs and expenses (including reasona-
ble legal costs) in respect of loss of or damage to 
property which is the result of negligence on the part 
of the NHS Trust or of a breach by the NHS Trust of 
its obligations under this Agreement, save to the 
extent that any such loss or damage is the result of 
negligence on the part of the Sponsor, its servants, 
agents or employees or of a breach of the obligations 
of the Sponsor under this Agreement.  
5.4     Where a Party is required to provide an indem-
nity under clause 5.2 or (as the case may be) clause 
5.3 above, that Party shall have the right to take over 
full care and control of the defence to any claim or 
proceeding by a third party, said defence to be at the 
sole expense of the indemnifying Party. The indem-
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nifying Party shall be entitled to use legal counsel of 
his choice. The indemnifying Party shall keep the 
other Party fully informed of the progress of any such 
claim or proceeding, will consult fully with the other 
Party on the nature of any defence to be advanced, 
and will not compromise or settle any such claim or 
proceeding (whether by admission, statement or 
payment) nor will it conduct itself in such a way as 
could prejudice the defence of any such claim or pro-
ceeding without the written approval of the other 
Party, such approval not to be unreasonably withheld. 
Each Party will give the other written notice of any 
claim or proceeding brought against it with respect 
to any matter to which it may be entitled to indem-
nifi cation under clause 5.2 or (as the case may be) 
clause 5.3 above and each Party will also use its best 
endeavours to inform the other Party promptly of any 
circumstances thought likely to give rise to any such 
claim or proceeding. Each Party will give to the other 
Party such help as may reasonably be required for the 
conduct and prompt handling of any such claim or 
proceeding.  
5.5     In no circumstances shall either Party be liable to 
the other in contract, tort (including negligence or 
breach of statutory duty) or otherwise howsoever 
arising or whatever the cause thereof, for any loss of 
profi t, business, reputation, contracts, revenues or 
anticipated savings for any special, indirect or conse-
quential damage of any nature, which arises directly 
or indirectly from any default on the part of either 
Party. Nothing in this clause shall affect the responsi-
bility of either Party in relation to death or personal 
injury caused by the negligence of that Party or its 
servants, agents or employees.  
5.6     For the purpose of the indemnity provided in 
clause 5.2 above, the expression  ‘ agents ’  shall include, 
but shall not be limited to, any person providing serv-
ices to the NHS Trust under a contract for services or 
otherwise.  
5.7     The Sponsor will take out appropriate insurance 
cover or will provide evidence to the satisfaction of 
the NHS Trust of self - insurance in respect of its 
potential liability under clauses 5.1 and 5.2 above and 
such cover shall be for a minimum of  £  [ . . .  insert 
amount    . . .    ] in respect of any one occurrence or 
series of occurrences arising from one event. The 
Sponsor shall produce to the NHS Trust, on request, 
copies of insurance policies or other evidence thereof 
together with evidence that such policies remain in 
full force and effect. The terms of any insurance or 
the amount of cover shall not relieve the Sponsor of 
any liabilities under this Agreement.     

6 Confi dentiality 

6.1 Medical confi dentiality 
 The Parties agree to adhere to the principles of 
medical confi dentiality in relation to Clinical Trial 
Subjects involved in the Clinical Trial. Personal data 
shall not be disclosed to the Sponsor by the NHS 
Trust save where this is required directly or indirectly 
to satisfy the requirements of the Protocol or for the 
purpose of monitoring or adverse event reporting. 
The Sponsor shall not disclose the identity of Clinical 
Trial Subjects to third parties without prior written 
consent of the Clinical Trial Subject, in accordance 
with the requirements of the Data Protection Act 
1998 and the principles set out in the Report of the 
Caldicott Committee on the review of patient identi-
fi able information dated December 1997, a copy of 
which the NHS Trust shall supply to the Sponsor on 
request.  

6.2 Confi dential information 
6.2.1     The NHS Trust and the Sponsor shall ensure 
that only those of its offi cers and employees directly 
concerned with the carrying out of this Agreement 
have access to the Confi dential Information and each 
Party undertakes to treat as strictly confi dential and 
not to disclose to any third party any Confi dential 
Information save where disclosure is required by a 
regulatory authority or by law and not to make use 
of any Confi dential Information other than in 
accordance with this Agreement without the prior 
written consent of the other Party.  
6.2.2     In the event of a Party visiting the establish-
ment of the other Party, the visiting Party undertakes 
that any further information relating to other clinical 
trials which may come to the visiting Party ’ s knowl-
edge as a result of any such visit, shall be kept strictly 
confi dential and that any such information will not 
be disclosed to any third party or made use of in any 
way by the visiting Party without prior written per-
mission of the other Party.  
6.2.3     The obligations of confi dentiality set out in 
this clause 6.2 shall not apply to Confi dential Infor-
mation which is (i) published or generally available 
to the public through no fault of the receiving Party, 
(ii) in the possession of the receiving Party prior to 
the date of this Agreement and is not subject to a duty 
of confi  dentiality, (iii) independently developed by 
the receiving Party and is not subject to a duty of 
confi dentiality, (iv) obtained by the receiving Party 
from a third party not subject to a duty of 
confi dentiality.    
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6.3     This clause 6 shall continue to apply after the 
expiry or termination of this Agreement.     

7 Publicity

 The Sponsor will not use the name of the NHS Trust, 
nor of any member of the NHS Trust ’ s staff, in any 
publicity, advertising or news release without the 
prior written approval of an authorised representa-
tive of the NHS Trust, such approval not to be unrea-
sonably withheld. The NHS Trust will not use the 
name of the Sponsor nor of any of its employees, in 
any publicity without the prior written approval of 
the Sponsor.  

8 Publication

8.1     The Sponsor recognises that the NHS Trust and 
Site Principal Investigator have a responsibility under 
the Research Governance Framework for Health and 
Social Care to ensure that results of scientifi c interest 
arising from the Clinical Trial are appropriately pub-
lished and disseminated. The Sponsor agrees that 
employees of the NHS Trust shall be permitted to 
present at symposia, national or regional professional 
meetings, and to publish in journals, theses or dis-
sertations, or otherwise of their own choosing, 
methods and results of the Clinical Trial subject to the 
publication policy described in the Protocol. If the 
Clinical Trial is multicentred (as defi ned in clause 
4.7 above), any publication based on the results 
obtained at the Trial Site (or a group of sites) shall not 
be made before the fi rst multicentre publication. If a 
publication concerns the analyses of sub - sets of data 
from a multicentred Clinical Trial the publication 
shall make reference to the relevant multicentre pub-
lication (s).  
8.2     Upon completion of the Clinical Trial, and any 
prior publication of multicentre data, or when the 
Clinical Trial data are adequate (in Sponsor ’ s reason-
able judgement), the NHS Trust may prepare the data 
deriving from the Clinical Trial for publication. Such 
data will be submitted to the Sponsor for review and 
comment prior to publication. In order to ensure that 
the Sponsor will be able to make comments and sug-
gestions where pertinent, material for public dissemi-
nation will be submitted to the Sponsor for review at 
least sixty (60) days (or the time limit specifi ed in the 
Protocol if longer) prior to submission for publica-

tion, public dissemination, or review by a publication 
committee.  
8.3     The NHS Trust agrees that all reasonable com-
ments made by the Sponsor in relation to a proposed 
publication by the NHS Trust will be incorporated by 
the NHS Trust into the publication.  
8.4     During the period for review of a proposed pub-
lication referred to in clause 8.2 above, the Sponsor 
shall be entitled to make a reasoned request to the 
NHS Trust that publication be delayed for a period 
of up to six (6) months from the date of fi rst submis-
sion to the Sponsor in order to enable the Sponsor to 
take steps to protect its proprietary information and 
the NHS Trust shall not unreasonably withhold its 
consent to such a request.     

9 Intellectual Property 

9.1     All Intellectual Property Rights and Know How 
owned by or licensed to NHS Trust prior to and after 
the date of this Agreement other than any Intellectual 
Property Rights and Know How arising from the 
Clinical Trial is and shall remain the property of the 
NHS Trust.  
9.2     All Intellectual Property Rights and Know How 
owned by or licensed to the Sponsor prior to and after 
the date of this Agreement other than any Intellectual 
Property Rights and Know How arising out of the 
Clinical Trial is and shall remain the property of the 
Sponsor.  
9.3     All Intellectual Property Rights and Know How 
arising from the Clinical Trial shall vest in or be exclu-
sively licensed to the Sponsor in accordance with 
clauses 9.4 and 9.5 below.  
9.4     The NHS Trust hereby assigns its rights in all 
Intellectual Property Rights and, to the extent possi-
ble in all Know How, arising out of the Clinical Trial 
to the Sponsor and at the request and expense of the 
Sponsor, the NHS Trust and the Site Principal Inves-
tigator shall execute all such documents and do all 
such other acts and things as the Sponsor may reason-
ably require in order to vest fully and effectively all 
such Intellectual Property Rights and Know How in 
the Sponsor or its nominee.  
9.5     NHS Trust and Site Principal Investigator shall 
promptly disclose to the Sponsor any and all Know 
How generated pursuant to this Agreement and 
undertake not to use such Know How other than for 
the purposes of this Agreement without the prior 
written consent of the Sponsor, such consent not to 
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be unreasonably withheld. NHS Trust hereby grants 
to the Sponsor an exclusive, worldwide, irrevocable, 
fully paid up royalty free licence under such Know 
How (to the extent such Know How is not assigned 
pursuant to clause 9.4 above) to exploit the same for 
any purpose whatsoever.     

10 Financial arrangements 

10.1     Arrangements relating to the fi nancing of this 
Clinical Trial by the Sponsor are set out in Appendix 
2.5 hereto.  
10.2     All payments will be made according to the 
schedule contained in Appendix 2.5 on presentation 
of a VAT invoice to the Sponsor by the NHS Trust.  
10.3     The Sponsor shall make payment within thirty 
(30) days of the date of receipt of the invoice men-
tioned in clause 10.2 above.  
10.4     Any delay in the payment of the payee invoices 
by the Sponsor will incur an interest charge on any 
amounts overdue of 2% per month above the 
National Westminster Bank plc base rate prevailing 
on the date the payment is due.     

11 Term 

 This Agreement will remain in effect until comple-
tion of the Clinical Trial, close - out of the Trial Site 
and completion of the obligations of the Parties 
under this Agreement or earlier termination in 
accordance with this Agreement.  

12 Early termination

12.1     Either the Sponsor or the NHS Trust (the Ter-
minating Party) may terminate this Agreement with 
immediate effect at any time if the other Party (the 
Defaulting Party) is: 
12.1.1     in breach of any of the Defaulting Party ’ s obli-
gations hereunder (including a failure without just 
cause to meet a Timeline) and fails to remedy such 
breach where it is capable of remedy within 28 days 
of a written notice from the Terminating Party speci-
fying the breach and requiring its remedy;  
12.1.2     declared insolvent or has an administrator 
or receiver appointed over all or any part of its assets 

or ceases or threatens to cease to carry on its 
business.    
12.2     A Party may terminate this Agreement on 
notice to the other Party with immediate effect if it is 
reasonably of the opinion that the Clinical Trial 
should cease in the interests of the health of Clinical 
Trial Subjects involved in the Clinical Trial.  
12.3     The Sponsor may terminate this Agreement on 
notice to the NHS Trust if [ . . .  insert name of inves-
tigator    . . .    ] is no longer able (for whatever reason) 
to act as Site Principal Investigator and no replace-
ment mutually acceptable to the NHS Trust and the 
Sponsor can be found.  
12.4     The Sponsor may terminate this Agreement 
immediately upon notice in writing to the NHS Trust 
for reasons not falling within clauses 12.1, 12.2 or 
12.3 above, save that in such circumstances the provi-
sions of clause 12.6 below shall also apply. In all such 
circumstances the Sponsor shall confer with the Site 
Principal Investigator and use its best endeavours to 
minimise any inconvenience or harm to Clinical Trial 
Subjects caused by the premature termination of the 
Clinical Trial.  
12.5     In the event of early termination of this Agree-
ment by the Sponsor, pursuant to clauses 12.2, 12.3 
and 12.4 and subject to an obligation on the NHS 
Trust and the Site Principal Investigator to mitigate 
any loss, the Sponsor shall pay all costs incurred and 
falling due for payment up to the date of termination, 
and also all expenditure falling due for payment after 
the date of termination which arises from commit-
ments reasonably and necessarily incurred by the 
NHS Trust for the performance of the Clinical Trial 
prior to the date of termination, and agreed with the 
Sponsor.  
12.6     In the event of early termination pursuant 
to clause 12.4 above the Sponsor shall make a com-
pensatory payment in accordance with Appendix 
2.5.  
12.7     In the event of early termination if payment 
(whether for salaries or otherwise) has been made by 
the Sponsor to the NHS Trust in advance for work 
not completed such monies shall be applied to termi-
nation related costs and in the case of termination 
pursuant to clause 12.4 above towards the compensa-
tory payment payable pursuant to clause 12.6 and the 
remainder of the monies shall be returned forthwith 
to the Sponsor.  
12.8     At close - out of the Trial Site following termina-
tion or expiration of this Agreement the NHS 
Trust shall immediately deliver to the Sponsor all 
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Confi dential Information and any other unused 
materials provided to the NHS Trust pursuant to this 
Agreement.  
12.9     Termination of this Agreement will be without 
prejudice to the accrued rights and liabilities of the 
Parties under this Agreement.     

13 Relationship between
the Parties

13.1     Neither Party may assign its rights under this 
Agreement or any part thereof without the prior 
written consent of the other Party and neither Party 
may sub - contract the performance of all or any of its 
obligations under this Agreement without the prior 
written consent of the other Party. Any party who so 
sub - contracts shall be responsible for the acts and 
omissions of its sub - contractors as though they were 
its own.  
13.2     Nothing shall be construed as creating a part-
nership, contract of employment or relationship of 
principal and agent between the Parties.     

14 Agreement and  modifi cation 

14.1     Any change in the terms of this Agreement shall 
be valid only if the change is made in writing, agreed 
and signed by the Parties.  
14.2     This Agreement including its Appendices con-
tains the entire understanding between the Parties 
and supersedes all other negotiations representations 
and undertakings whether written or oral of prior 
date between the Parties relating to the Clinical Trial 
which is the subject of this Agreement.     

15 Force  majeure 

 Neither Party shall be liable to the other Party or shall 
be in default of its obligations hereunder if such 
default is the result of war, hostilities, revolution, civil 
commotion, strike, epidemic, accident, fi re, wind, 
fl ood or because of any act of God or other cause 
beyond the reasonable control of the Party affected. 
The Party affected by such circumstances shall 
promptly notify the other Party in writing when such 
circumstances cause a delay or failure in performance 
( ‘ a Delay ’ ) and where they cease to do so. In the event 
of a Delay lasting for [ . . .  insert number    . . .    ] weeks 
or more the non - affected Party shall have the right to 

terminate this Agreement immediately by notice in 
writing to the other Party.  

16 Notices

 Any notices under this Agreement shall be in writing, 
signed by the relevant Party to this Agreement and 
delivered personally, by courier or by recorded deliv-
ery post. 

 Notices to the Sponsor shall be addressed to: [ . . .  
insert address    . . .    ] 

 Notices to the NHS Trust shall be addressed to: [ . . .  
insert address    . . .    ]  

17 Rights of  Third  Parties

 Nothing in this Agreement is intended to confer on 
any person any right to enforce any term of this 
Agreement which that person would not have had but 
for the Contracts (Rights of Third Parties) Act 1999.  

18 Waiver 

 No failure, delay, relaxation or indulgence by any 
Party in exercising any right conferred on such Party 
by this Agreement shall operate as a waiver of such 
right, nor shall any single or partial exercise of any 
such right nor any single failure to do so, preclude any 
other or future exercise of it, or the exercise of any 
other right under this Agreement.  

19 Dispute resolution

19.1     In the event of a dispute the Parties agree to 
attempt to settle it by mediation in accordance with 
the Centre for Effective Dispute Resolution Model 
Mediation Procedure. To initiate a mediation a Party 
must give notice in writing (ADR Notice) to the other 
Party requesting mediation in accordance with this 
clause. The Parties shall seek to agree the nomination 
of the mediator, but in the absence of agreement he 
shall be nominated by the President for the time 
being of the British Medical Association. The media-
tion will start no later than [20] days after date of the 
ADR Notice. If the dispute is not resolved within [30] 
days of the ADR Notice a Party may by written notice 
to the other refer the dispute to arbitration in accord-
ance with clause 19.2 below.  
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19.2     If the Parties are unable to settle a dispute 
arising out of or in connection with this Agreement 
by mediation the dispute shall be fi nally settled by 
arbitration in accordance with the UNCITRAL Arbi-
tration Rules as at present in force (the  ‘ UNCITRAL 
Rules ’ ). The Notice of Arbitration shall be served 
in accordance with Article 3 of the UNCITRAL 
Rules and a single arbitrator shall be appointed by 
agreement of the Parties or in the absence of agree-
ment, by the President for the time being of the 
British Medical Association. The seat of arbitration 
shall be London and the language of the arbitral pro-
ceedings shall be English. All and any awards of the 
arbitrators shall be made in accordance with the 
UNCITRAL Rules in writing and shall be binding on 
the Parties who expressly exclude all and any rights 
of appeal from all and any awards to the extent that 
such exclusion may be validly made.     

20 Governing law

 This Agreement shall be interpreted and governed by 
English Law. 

 Signed on behalf of the: 

  SPONSOR:     . . .     . . .     . . .     . . .     . . .     . . .   
   . . .     . . .     . . .     . . .    Date:    . . .     . . .     . . .     . . .   
  (Print name and position)  

 Signed on behalf of the:

  NHS TRUST     . . .     . . .     . . .     . . .   
   . . .     . . .     . . .     . . .    Date:    . . .     . . .     . . .     . . .   
  (Print name and position)  

 Authorised signatory (Chief Executive, Director of 
R & D, or Finance Director)   
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  2.2    ABPI  form of  I ndemnity for  C linical  S tudies 
To:      [Name and address of sponsoring company] ( ‘ the Sponsor ’ )
From:      [Name and address of health authority/health board/NHS Trust] ( ‘ the Authority ’ )
Re:      Clinical study No ( ) with [name of product]

4.2     to the extent that such personal injury (including 
death) is caused by the failure of the Authority, its 
employees, or agents to conduct the Study in accord-
ance with the Protocol.  
4.3     unless as soon as reasonably practicable follow-
ing receipt of notice of such claim or proceeding, the 
Authority shall have notifi ed the Sponsor in writing 
of it and shall, upon the Sponsor ’ s request, and at the 
Sponsor ’ s cost, have permitted the Sponsor to have 
full care and control of the claim or proceeding using 
legal representation of its own choosing.  
4.4     if the Authority, its employees, or agents shall 
have made any admission in respect of such claim or 
proceeding or taken any action relating to such claim 
or proceeding prejudicial to the defence of it without 
the written consent of the Sponsor such consent not 
to be unreasonably withheld provided that this con-
dition shall not be treated as breached by any state-
ment properly made by the Authority, its employees 
or agents in connection with the operation of the 
Authority ’ s internal complaint procedures, accident 
reporting procedures or disciplinary procedures or 
where such statement is required by law.    
5.     The Sponsor shall keep the Authority and its legal 
advisers fully informed of the progress of any such 
claim or proceeding, will consult fully with the 
Authority on the nature of any defence to be advanced 
and will not settle any such claim or proceeding 
without the written approval of the Authority (such 
approval not to be unreasonably withheld).  
6.     Without prejudice to the provisions of para  graph 
4.3 above, the Authority will use its reasonable 
endeavours to inform the Sponsor promptly of any 
circumstances reasonably thought likely to give 
rise to any such claim or proceeding of which it 
is directly aware and shall keep the Sponsor reason-
ably informed of developments in relation to any 
such claim or proceeding even where the Authority 
decides not to make a claim under this indemnity. 
Likewise, the Sponsor shall use its reasonable endeav-
ours to inform the Authority of any such circum-
stances and shall keep the Authority reasonably 
informed of developments in relation to any such 
claim or proceeding made or brought against the 
Sponsor alone.  

1.     It is proposed that the Authority should agree to 
participate in the above sponsored study ( ‘ the Study ’ ) 
involving [patients of the Authority] [non - patient 
volunteers] ( ‘ the Subjects ’ ) to be conducted by [name 
of investigator (s)] ( ‘ the Investigator ’ ) in accordance 
with the protocol annexed, as amended from time to 
time with the agreement of the Sponsor and the 
Investigator ( ‘ the Protocol ’ ). The Sponsor confi rms 
that it is a term of its agreement with the Investigator 
that the Investigator shall obtain all necessary approv-
als of the applicable Local Research Ethics Committee 
and shall resolve with the Authority any issues of a 
revenue nature.  
2.     The Authority agrees to participate by allowing the 
Study to be undertaken on its premises utilising such 
facilities, personnel and equipment as the Investiga-
tor may reasonably need for the purpose of the Study.  
3.     In consideration of such participation by the 
Authority, and subject to paragraph 4 below, the 
Sponsor indemnifi es and holds harmless the Au -
thority and its employees and agents against all claims 
and proceedings (to include any settlements or ex 
gratia payments made with the consent of the parties 
hereto and reasonable legal and expert costs and 
expenses) made or brought (whether successfully or 
otherwise). 
(a)     by or on behalf of Subjects taking part in the 
Study (or their dependants) against the Authority or 
any of its employees or agents for personal injury 
(including death) to Subjects arising out of or relating 
to the administration of the product (s) under inves-
tigation or any clinical intervention or procedure 
provided for or required by the Protocol to which the 
Subjects would not have been exposed but for their 
participation in the Study.  
(b)     by the Authority, its employees or agents or by or 
on behalf of a Subject for a declaration concerning 
the treatment of a Subject who has suffered such 
personal injury.    
4.     The above indemnity by the Sponsor shall not 
apply to any such claim or proceeding: 
4.1     to the extent that such personal injury (including 
death) is caused by the negligent or wrongful acts or 
omissions or breach of statutory duty of the Author-
ity, its employees or agents.  
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7.     The Authority and the Sponsor will each give to 
the other such help as may reasonably be required for 
the effi cient conduct and prompt handling of any 
claim or proceeding by or on behalf of Subjects (or 
their dependants) or concerning such a declaration 
as is referred to in paragraph 3(b) above.  
8.     Without prejudice to the foregoing if injury is suf-
fered by a Subject while participating in the Study, the 
Sponsor agrees to operate in good faith the Guide-
lines published in 1991 by The Association of the 
British Pharmaceutical Industry and entitled  ‘ Clinical 
Trial Compensation Guidelines ’  (where the Subject is 
a patient) and the Guidelines published in 1988 by 
the same Association and entitled  ‘ Guidelines for 
Medical Experiments in non - patient Human Volun-
teers ’  (where the subject is not a patient) and shall 
request the Investigator to make clear to the Subjects 
that the Study is being conducted subject to the appli-
cable Association Guidelines.  
9.     For the purpose of this indemnity, the expression 
 ‘ agents ’  shall be deemed to include without limitation 

any nurse or other health professional providing serv-
ices to the Authority under a contract for services or 
otherwise and any person carrying out work for the 
Authority under such a contract connected with such 
of the Authority ’ s facilities and equipment as are 
made available for the Study under paragraph 2 
above.  
10.     This indemnity shall be governed by and con-
strued in accordance with English/Scots *  law. 
 SIGNED on behalf of the Health Authority/Health 
Board/NHS Trust 

  . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .  
 Chief Executive/District General Manager 

 SIGNED on behalf of the Company 

  . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .  
 Dated    . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .     . . .  

  *  Delete as appropriate.      
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  2.3    ABPI   G uideline on  A dvertising for  S ubjects 
for  C linical  T rials 

4.     The likely duration of the subject ’ s participation 
for a specifi c study.  
5.     That the advertisement has been approved by an 
ethics committee.  
6.     That your general practitioner will be informed 
that you are taking part in the clinical trial.  
7.     That any response to the advertisement will be 
recorded but will not indicate any obligation.     

2 Additional Permitted Content

1.     The purpose of the research may be described.  
2.     The location of the research.  
3.     The company or institution involved may be 
named if appropriate.     

3 Statements That Should
Not Be Used

1.     Implied or expressed claims of safety or effi cacy.  
2.     Undue emphasis on reimbursement but mention 
of reimbursement is permitted.  
3.     Any express or implied claim that the research is 
FDA or MHRA approved.  
4.     Use of the term  ‘ new ’  unless qualifi ed, i.e.  ‘ new 
research medicine ’ ,  ‘ new investigational medicine ’ .  
5.     The compound ’ s name.  
6.     Care should be taken to ensure that advertise-
ments are in no way promotional for the medicine 
concerned.    
 The ethics committee approval of any advertising 
material should be kept with the master study fi le.   

    As a result of a number of enquiries to the Medical 
Affairs Department of the Association of the British 
Pharmaceutical Industry (ABPI) and the recognition 
that the media was being increasingly used to adver-
tise for subjects for clinical trials, the ABPI Medical 
Committee set up a Task Group to develop these 
guidelines. 

 The European Commission (EC) have included an 
appendix on advertising for trial subjects in the 
detailed guidance on the application to be submitted 
for an ethics committee opinion on a clinical trial on 
a medicinal product for human use. The ABPI guide-
line set out below takes into account the views of the 
Medical Committee and additional guidance from 
the EC guideline. Research Ethics Committees (RECs) 
should be invited to review all materials used to 
recruit subjects for all phases of clinical trials, includ-
ing, but not limited to:
1.     Television and radio advertisements.  
2.     Letters, posters, newsletters, etc.  
3.     Newspaper advertisements.  
4.     Internet web sites.     

1 Essential Information for an 
Advertisement

1.     A statement indicating that the study involves 
research.  
2.     A contact name and phone number for the subject 
to contact.  
3.     Some of the eligibility criteria.  
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Introduction 

 It is well - recognised that there is a continuous need 
to monitor the safety of medicines as they are used in 
clinical practice. Spontaneous reporting schemes (e.g. 
the UK yellow card system) provide important early 
warning signals of potential drug hazards and also 
provide a means of continuous surveillance. Formal 
studies to evaluate safety may also be necessary, par-
ticularly in the confi rmation and characterisation of 
possible hazards identifi ed at an earlier stage of drug 
development. Such studies may also be useful in iden-
tifying previously unsuspected reactions.  

Scope of guidelines

 These guidelines apply to the conduct of all com-
pany - sponsored studies which evaluate the safety of 
marketed products. They take the place of previous 
guidelines on post - marketing surveillance which 
were published in 1988 ( BMJ  1998;296:399 – 400). 
Studies performed under those guidelines were found 
to have some notable limitations ( BMJ  1992;304:1470 –
 2) and these new guidelines have been prepared in 
response to the problems identifi ed. The major 
changes may be summarised as follows:
1.     The scope of the guidelines has been expanded to 
include all company - sponsored studies which are 
carried out to evaluate safety of marketed medicines. 
It should be emphasised that this includes both 
studies conducted in general practice and in the hos-
pital setting. The name of the guidelines has been 
changed to refl ect the emphasis on safety assessment 
rather than merely surveillance.  
2.     The guidelines have been developed to provide a 
framework on which a variety of data collection 
methods can be used to improve the evaluation of 
the safety of marketed medicines. Whilst it is recog-
nised that the design used needs to be tailored to 
particular drugs and hazards, the guidelines defi ne 
the essential principles which may be applied in 
a variety of situations. The study methods in this 
fi eld continue to develop and therefore there will be 
a need to review regularly these guidelines to ensure 
that they refl ect advances made in the assessment of 
drug safety.    

 The guidelines have been formulated and agreed by 
a Working Party which includes representation from 
the Medicines and Healthcare products Regulatory 
Agency (MHRA), Commission on Human Medi -
cines (CHM), Association of the British Pharmaceuti-
cal Industry (ABPI), British Medical Association 
(BMA) and the Royal College of General Practitioners 
(RCGP). Other guidelines exist for the conduct of 
 ‘ Phase IV clinical trials ’  where the medication is pro-
vided by the sponsoring company (see section 2(b) 
below). Some of these studies will also meet the defi -
nition of a SAMM study (see below) and should 
therefore also comply with the present guidelines.  

1 Defi nition of  Safety Assessment
of Marketed Medicines

(a)     Safety assessment of marketed medicines 
(SAMM) is defi ned as  ‘ a formal investigation con-
ducted for the purpose of assessing the clinical safety 
of marketed medicine (s) in clinical practice ’ .  
(b)     Any study of a marketed drug which has the 
evaluation of clinical safety as a specifi c objective 
should be included. Safety evaluation will be a spe-
cifi c objective in post - marketing studies either when 
there is a known safety issue under investigation and/
or when the numbers of patients to be included will 
add signifi cantly to the existing safety data for the 
product(s). Smaller studies conducted primarily for 
other purposes should not be considered as SAMM 
studies. However, if a study which is not conducted 
for the purpose of evaluating safety unexpectedly 
identifi es a hazard, the manufacturer would be 
expected to inform the MHRA immediately and the 
section of these guidelines covering liaison with regu-
latory authorities would thereafter apply.    

 In cases of doubt as to whether or not a study comes 
under the scope of the guidelines the sponsor should 
discuss the intended study plan with the MHRA.  

2 Scope and objectives of SAMM

(a)     SAMM may be conducted for the purpose of 
identifying previously unrecognised safety issues 

  2.4   Guidelines for  c ompany -  s ponsored  S afety 
 A ssessment of  M arketed  M edicines ( SAMM ) 
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(hypothesis - generation) or to investigate possible 
hazards (hypothesis - testing).  
(b)     A variety of designs may be appropriate includ-
ing observational cohort studies, case – surveillance or 
case – control studies. Clinical trials may also be used 
to evaluate the safety of marketed products, involving 
systematic allocation of treatment (e.g. randomisa-
tion). Such studies must also adhere to the current 
guidelines for Phase IV clinical trials.  
(c)     The design to be used will depend on the objec-
tives of the study, which must be clearly defi ned in 
the study plan. Any specifi c safety concerns to be 
investigated should be identifi ed in the study plan 
and explicitly addressed by the proposed methods.     

3 Design of studies

Observational cohort studies
(a)     The population studied should be as representa-
tive as possible of the general population of users, and 
be unselected unless specifi cally targeted by the 
objectives of the study (e.g. a study of the elderly). 
Exclusion criteria should be limited to the contrain-
dications stated in the data sheet or summary of 
product characteristics (SPC). The prescriber should 
be provided with a data sheet or SPC for all products 
to be used. Where the product is prescribed outside 
the indications on the data sheet, such patients should 
be included in the analysis of the study fi ndings.  
(b)     Observational cohort studies should normally 
include appropriate comparator group(s). The com-
parator group(s) will usually include patients with 
the disease/indication(s) relevant to the primary 
study drug and such patients will usually be treated 
with alternative therapies.  
(c)     The product(s) should be prescribed in the usual 
manner, for example on an FP10 form written by the 
general practitioner or through the usual hospital 
procedures.  
(d)     Patients must not be prescribed particular medi-
cines in order to include them in observational 
cohort studies since this is unethical (see section 15 
of the  ‘ Guidelines on the Practices of Ethics Commit-
tees in Medical Research involving Human Subjects ’ , 
Royal College of Physicians, 1990).  
(e)     The prescribing of a drug and the inclusion of 
the patient in a study are two issues which must be 
clearly separated. Drugs must be prescribed solely as 
a result of a normal clinical evaluation, and since such 
indications may vary from doctor to doctor a justifi -
cation for the prescription should be recorded in the 

study documents. In contrast, the inclusion of the 
patient in the study must be solely dependent upon 
the criteria for recruitment which have been specifi -
cally identifi ed in the study procedures. Any deviation 
from the study criteria for recruitment could lead to 
selection bias.  
(f)     The study plan should stipulate the maximum 
number of patients to be entered by a single doctor. 
No patient should be prospectively entered into more 
than one study simultaneously.     

Case–control  studies
(g)     Case – control studies are usually conducted ret-
rospectively. In case – control studies comparison 
is made between the history of drug exposure of 
cases with the disease of interest and appropriate con-
trols without the disease. The study design should 
attempt to account for known sources of bias and 
confounding.     

Case–surveillance
(h)     The purpose of case – surveillance is to study 
patients with diseases which are likely to be drug -
 related and to ascertain drug exposure. Companies 
who sponsor such studies should liaise particularly 
closely with the MHRA in order to determine the 
most appropriate arrangements for the reporting of 
cases.     

Clinical trials
(i)     Large clinical trials are sometimes useful in the 
investigation of post - marketing safety issues and 
these may involve random allocation to treatment. In 
other respects, an attempt should be made to study 
patients under as normal conditions as possible. 
Exclusion criteria should be limited to the contrain-
dications in the data sheet or SPC unless they are 
closely related to the particular objectives of the 
study. Clinical trials must also adhere to the current 
guidelines for Phase IV clinical trials (see 2(b) above). 
Studies which fulfi l the defi nition of SAMM but are 
performed under a clinical trial exemption (CTX) or 
under the clinical trial on a marketed product 
(CTMP) scheme are within the scope of these 
guidelines.      

4 Conduct of studies

(a)     Responsibility for the conduct and quality of 
company - sponsored studies shall be vested in the 
company ’ s medical department under the supervi-
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sion of a named medical practitioner registered in the 
UK, and whose name shall be recorded in the study 
documents.  
(b)     Where a study is performed for a company by an 
agent, a named medical practitioner registered in the 
UK shall be identifi ed by the agent to supervise the 
study and liaise with the company ’ s medical 
department.  
(c)     Consideration should be given to the appoint-
ment of an independent advisory group(s) to monitor 
the safety information and oversee the study.     

5 Liaison with regulatory
authorities

(a)     Companies proposing to perform a SAMM study 
are encouraged to discuss the draft study plan with 
the MHRA at an early state. Particular consideration 
should be given to specifi c safety issues which may 
require investigation.  
(b)     Before the study commences a study plan should 
be fi nalised which explains the aims and objectives of 
the study, the methods to be used (including statisti-
cal analysis) and the record keeping which is to be 
maintained. The company shall submit the study plan 
plus any proposed initial communications to doctors 
to the MHRA at least 1 month before the planned 
start of the study. The MCA will review the proposed 
study and may comment. The responsibility for the 
conduct of the study will, however, rest with the 
sponsoring pharmaceutical company.  
(c)     The company should inform the MHRA when 
the study has commenced and will normally provide 
a brief report on its progress at least every 6 months, 
or more frequently if required by MHRA.  
(d)     The regulatory requirements for reporting of 
suspected adverse reactions must be fulfi lled. Com-
panies should endeavour to ensure that they are noti-
fi ed of serious suspected adverse reactions and should 
report these to the MHRA within 15 days of receipt. 
Events which are not suspected by the investigator to 
be adverse reactions should not be reported individu-
ally as they occur. These and minor adverse reactions 
should be included in the fi nal report.  
(e)     A fi nal report on the study should be sent to the 
MHRA within 3 months of follow - up being com-
pleted. Ideally, this should be a full report but a brief 
report within 3 months followed by a full report 
within 6 months of completion of the study would 
normally be acceptable. The fi ndings of the study 
should be submitted for publication.  

(f)     Companies are encouraged to follow MHRA 
guidelines on the content of progress reports and 
fi nal reports.     

6 Promotion of  medicines

(a)     SAMM studies should not be conducted for the 
purposes of promotion.  
(b)     Company representatives should not be involved 
in SAMM studies in such a way that it could be seen 
as a promotional exercise.     

7 Doctor participation

(a)     Subject to the doctor ’ s terms of service, payment 
may be offered to the doctor in recompense for his 
time and any expenses incurred according to the sug-
gested scale of fees published by the BMA.  
(b)     No inducement for a doctor to participate in 
a SAMM study should be offered, requested or 
given.     

8 Ethical issues

(a)     The highest possible standards of professional 
conduct and confi dentiality must always be main-
tained. The patient ’ s right to confi dentiality is para-
mount. The patient ’ s identity in the study documents 
should be codifi ed and only his or her doctor should 
be capable of decoding it.  
(b)     Responsibility for the retrieval of information 
from personal medical records lies with the consult-
ant or general practitioner responsible for the 
patient ’ s care. Such information should be directed to 
the medical practitioner nominated by the company 
or agent, who is thereafter responsible for the han-
dling of such information.  
(c)     Reference to a Research Ethics Committee is 
required if patients are to be approached for informa-
tion, additional investigations are to be performed or 
if it is proposed to allocate patients systematically to 
treatments.     

9 Procedure for  complaints

 A study which gives cause for concern on scientifi c, 
ethical or promotional grounds should be referred 
to the MCA, ABPI and the company concerned. 



770 Appendix 2

Concerns regarding possible scientifi c fraud should 
be referred to the ABPI. They will be investigated 
and, if appropriate, referred to the General Medical 
Council.  

10 Review of Guidelines

 The Working Party will review these guidelines as 
necessary. 

Association of the British Pharmaceutical Industry 
(ABPI)
British Medical Association (BMA)
Commission on Human Medicines (CHM)
Medicines and Healthcare products Regulatory 
Agency (MHRA)
Royal College of General Practitioners (RCGP)
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Appendix 3
Directive 2001/20/ EC  of the 
European Parliament and of the 
Council of 4 April 2001     

Directive 2001/20/EC of the European Parliament 
and of the Council of 4 April 2001 on the approxima-
tion of the laws, regulations and administrative pro-
visions of the Member States relating to the 
implementation of good clinical practice in the 
conduct of clinical trials on medicinal products for 
human use

 Only European Community legislation printed in 
the paper edition of the  Offi cial Journal of the Euro-
pean Union  is deemed authentic.  

The European  Parliament and the 
Council of the European  Union

 Having regard to the Treaty establishing the European 
Community, and in particular Article 95 thereof, 

 Having regard to the proposal from the 
Commission, 1

 Having regard to the opinion of the Economic and 
Social Committee, 2

 Acting in accordance with the procedure laid down 
in Article 251 of the Treaty, 3

 Whereas:
1.     Council Directive 65/65/EEC of 26 January 1965 
on the approximation of provisions laid down by law, 
regulation or administrative action relating to medic-
inal products 4  requires that applications for authori-
sation to place a medicinal product on the market 
should be accompanied by a dossier containing par-
ticulars and documents relating to the results of tests 
and clinical trials carried out on the product. Council 
Directive 75/318/EEC of 20 May 1975 on the approxi-
mation of the laws of Member States relating to ana-
lytical, pharmacotoxicological and clinical standards 
and protocols in respect of the testing of medicinal 
products 5  lays down uniform rules on the compila-
tion of dossiers including their presentation.  
2.     The accepted basis for the conduct of clinical trials 
in humans is founded in the protection of human 
rights and the dignity of the human being with regard 
to the application of biology and medicine, as for 
instance refl ected in the 1996 version of the Helsinki 
Declaration. The clinical trial subject ’ s protection is 
safeguarded through risk assessment based on the 
results of toxicological experiments prior to any clini-
cal trial, screening by Ethics Committees and Member 
States ’  competent authorities, and rules on the pro-
tection of personal data.  

 1      OJ C 306, 8.10.1997, p. 9 and OJ C 161, 8.6.1999, p. 5. 
 2      OJ C 95, 30.3.1998, p. 1. 
 3      Opinion of the European Parliament of 17 November 1998 

(OJ C 379, 7.12.1998, p. 27). Council Common Position of 

20 July 2000 (OJ C 300, 20.10.2000, p. 32) and Decision of 

the European Parliament of 12 December 2000. Council 

Decision of 26 February 2001. 

 4      OJ 22, 9.2.1965, p. 1 – 65. Directive as last amended by 

Council Directive 93/39/EEC (OJ L 214, 24.8.1993, p. 22). 
 5      OJ L 147, 9.6.1975, p. 1. Directive as last amended by Com-

mission Directive 1999/83/EC (OJ L 243, 15.9.1999, p. 9). 
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3.     Persons who are incapable of giving legal consent 
to clinical trials should be given special protection. It 
is incumbent on the Member States to lay down rules 
to this effect. Such persons may not be included in 
clinical trials if the same results can be obtained using 
persons capable of giving consent. Normally these 
persons should be included in clinical trials only 
when there are grounds for expecting that the ad -
ministering of the medicinal product would be of 
direct benefi t to the patient, thereby outweighing the 
risks. However, there is a need for clinical trials 
involving children to improve the treatment available 
to them. Children represent a vulnerable population 
with developmental, physiological and psychological 
differences from adults, which make age -  and devel-
opment - related research important for their benefi t. 
Medicinal products, including vaccines, for children 
need to be tested scientifi cally before widespread use. 
This can only be achieved by ensuring that medicinal 
products which are likely to be of signifi cant clinical 
value for children are fully studied. The clinical trials 
required for this purpose should be carried out under 
conditions affording the best possible protection for 
the subjects. Criteria for the protection of children in 
clinical trials therefore need to be laid down.  
4.     In the case of other persons incapable of giving 
their consent, such as persons with dementia, psychi-
atric patients, etc., inclusion in clinical trials in such 
cases should be on an even more restrictive basis. 
Medicinal products for trial may be administered to 
all such individuals only when there are grounds for 
assuming that the direct benefi t to the patient out-
weighs the risks. Moreover, in such cases the written 
consent of the patient ’ s legal representative, given in 
cooperation with the treating doctor, is necessary 
before participation in any such clinical trial.  
5.     The notion of legal representative refers back to 
existing national law and consequently may include 
natural or legal persons, an authority and/or a body 
provided for by national law.  
6.     In order to achieve optimum protection of health, 
obsolete or repetitive tests will not be carried out, 
whether within the Community or in third 
countries. The harmonisation of technical require-
ments for the development of medicinal products 
should therefore be pursued through the appropriate 
fora, in particular the International Conference on 
Harmonisation.  
7.     For medicinal products falling within the scope of 
Part A of the Annex to Council Regulation (EEC) No 
2309/93 of 22 July 1993 laying down Community 
procedures for the authorisation and supervision of 

medicinal products for human and veterinary use 
and establishing a European Agency for the Evalua-
tion of Medicinal Products, 6  which include products 
intended for gene therapy or cell therapy, prior scien-
tifi c evaluation by the European Agency for the Evalu-
ation of Medicinal Products (hereinafter referred to 
as the  ‘ Agency ’ ), assisted by the Committee for Pro-
prietary Medicinal Products, is mandatory before the 
Commission grants marketing authorisation. In the 
course of this evaluation, the said Committee may 
request full details of the results of the clinical trials 
on which the application for marketing authorisation 
is based and, consequently, on the manner in which 
these trials were conducted and the same Committee 
may go so far as to require the applicant for such 
authorisation to conduct further clinical trials. Provi-
sion must therefore be made to allow the Agency to 
have full information on the conduct of any clinical 
trial for such medicinal products.  
8.     A single opinion for each Member State concerned 
reduces delay in the commencement of a trial without 
jeopardising the well - being of the people participat-
ing in the trial or excluding the possibility of rejecting 
it in specifi c sites.  
9.     Information on the content, commencement and 
termination of a clinical trial should be available to 
the Member States where the trial takes place and all 
the other Member States should have access to the 
same information. A European database bringing 
together this information should therefore be set up, 
with due regard for the rules of confi dentiality.  
10.     Clinical trials are a complex operation, generally 
lasting one or more years, usually involving numer-
ous participants and several trial sites, often in differ-
ent Member States. Member States ’  current practices 
diverge considerably on the rules on commencement 
and conduct of the clinical trials and the require-
ments for carrying them out vary widely. This there-
fore results in delays and complications detrimental 
to effective conduct of such trials in the Community. 
It is therefore necessary to simplify and harmonise 
the administrative provisions governing such trials by 
establishing a clear, transparent procedure and creat-
ing conditions conducive to effective coordination of 
such clinical trials in the Community by the authori-
ties concerned.  
11.     As a rule, authorisation should be implicit, i.e. 
if there has been a vote in favour by the Ethics 

 6      OJ L 214, 24.8.1993, p.1. Regulation as amended by Commis-

sion Regulation (EC) No 649/98 (OJ L 88, 24.3.1998, p. 7). 
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Committee and the competent authority has not 
objected within a given period, it should be possible 
to begin the clinical trials. In exceptional cases raising 
especially complex problems, explicit written author-
isation should, however, be required.  
12.     The principles of good manufacturing practice 
should be applied to investigational medicinal 
products.  
13.     Special provisions should be laid down for the 
labelling of these products.  
14.     Non - commercial clinical trials conducted by 
researchers without the participation of the pharma-
ceuticals industry may be of great benefi t to the 
patients concerned. The Directive should therefore 
take account of the special position of trials whose 
planning does not require particular manufacturing 
or packaging processes, if these trials are carried out 
with medicinal products with a marketing authorisa-
tion within the meaning of Directive 65/65/EEC, 
manufactured or imported in accordance with the 
provisions of Directives 75/319/EEC and 91/356/
EEC, and on patients with the same characteristics as 
those covered by the indication specifi ed in this mar-
keting authorisation. Labelling of the investigational 
medicinal products intended for trials of this nature 
should be subject to simplifi ed provisions laid down 
in the good manufacturing practice guidelines on 
investigational products and in Directive 91/356/
EEC.  
15.     The verifi cation of compliance with the stand-
ards of good clinical practice and the need to subject 
data, information and documents to inspection in 
order to confi rm that they have been properly gener-
ated, recorded and reported are essential in order to 
justify the involvement of human subjects in clinical 
trials.  
16.     The person participating in a trial must consent 
to the scrutiny of personal information during 
inspection by competent authorities and properly 
authorised persons, provided that such personal 
information is treated as strictly confi dential and is 
not made publicly available.  
17.     This Directive is to apply without prejudice to 
Directive 95/46/EEC of the European Parliament and 
of the Council of 24 October 1995 on the protection 
of individuals with regard to the processing of per-
sonal data and on the free movement of such data. 7

18.     It is also necessary to make provision for the 
monitoring of adverse reactions occurring in clinical 

trials using Community surveillance (pharmacovigi-
lance) procedures in order to ensure the immediate 
cessation of any clinical trial in which there is an 
unacceptable level of risk.  
19.     The measures necessary for the implementation 
of this Directive should be adopted in accordance 
with Council Decision 1999/468/EC of 28 June 1999 
laying down the procedures for the exercise of imple-
menting powers conferred on the Commission. 8

Have adopted this directive 

Article 1 
Scope
1.     This Directive establishes specifi c provisions 
regarding the conduct of clinical trials, including 
multicentre trials, on human subjects involving 
medicinal products as defi ned in Article 1 of Direc-
tive 65/65/EEC, in particular relating to the imple-
mentation of good clinical practice. This Directive 
does not apply to non - interventional trials.  
2.     Good clinical practice is a set of internationally 
recognised ethical and scientifi c quality requirements 
which must be observed for designing, conducting, 
recording and reporting clinical trials that involve the 
participation of human subjects. Compliance with 
this good practice provides assurance that the rights, 
safety and well - being of trial subjects are protected, 
and that the results of the clinical trials are credible.  
3.     The principles of good clinical practice and 
detailed guidelines in line with those principles shall 
be adopted and, if necessary, revised to take account 
of technical and scientifi c progress in accordance 
with the procedure referred to in Article 21(2). 
 These detailed guidelines shall be published by the 
Commission.  
4.     All clinical trials, including bioavailability and 
bioequivalence studies, shall be designed, conducted 
and reported in accordance with the principles of 
good clinical practice.      

Article 2 
Defi nitions 
 For the purposes of this Directive the following defi -
nitions shall apply:
(a)      Clinical trial:  any investigation in human sub-
jects intended to discover or verify the clinical, phar-
macological and/or other pharmacodynamic effects 

 7      OJ L 281, 23.11.1995, p. 31.  8      OJ L 184,17.7.1999, p. 23. 
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of one or more investigational medicinal product(s), 
and/ or to identify any adverse reactions to one or 
more investigational medicinal product(s) and/or to 
study absorption, distribution, metabolism and 
excretion of one or more investigational medicinal 
product(s) with the object of ascertaining its (their) 
safety and/or effi cacy. 

 This includes clinical trials carried out in either 
one site or multiple sites, whether in one or more 
than one Member State.  
(b)      Multicentre clinical trial:  a clinical trial con-
ducted according to a single protocol but at more 
than one site, and therefore by more than one inves-
tigator, in which the trial sites may be located in a 
single Member State, in a number of Member States 
and/or in Member States and third countries.  
(c)      Non - interventional trial:  a study where the 
medicinal product(s) is (are) prescribed in the usual 
manner in accordance with the terms of the market-
ing authorisation. The assignment of the patient to a 
particular therapeutic strategy is not decided in 
advance by a trial protocol but falls within current 
practice and the prescription of the medicine is 
clearly separated from the decision to include the 
patient in the study. No additional diagnostic or 
monitoring procedures shall be applied to the patients 
and epidemiological methods shall be used for the 
analysis of collected data.  
(d)      Investigational medicinal product:  a pharmaceu-
tical form of an active substance or placebo being 
tested or used as a reference in a clinical trial, includ-
ing products already with a marketing authorisation 
but used or assembled (formulated or packaged) 
in a way different from the authorised form, or 
when used for an unauthorised indication, or when 
used to gain further information about the author-
ised form.  
(e)      Sponsor:  an individual, company, institution or 
organisation which takes responsibility for the initia-
tion, management and/or fi nancing of a clinical trial.  
(f)      Investigator:  a doctor or a person following a 
profession agreed in the Member State for investiga-
tions because of the scientifi c background and the 
experience in patient care it requires. The investigator 
is responsible for the conduct of a clinical trial at a 
trial site. If a trial is conducted by a team of individu-
als at a trial site, the investigator is the leader respon-
sible for the team and may be called the principal 
investigator.  
(g)      Investigator ’ s brochure:  a compilation of the 
clinical and non - clinical data on the investigational 
medicinal product or products which are relevant to 

the study of the product or products in human 
subjects.  
(h)      Protocol:  a document that describes the 
objective(s), design, methodology, statistical consid-
erations and organisation of a trial. The term proto-
col refers to the protocol, successive versions of the 
protocol and protocol amendments.  
(i)      Subject:  an individual who participates in a clini-
cal trial as either a recipient of the investigational 
medicinal product or a control.  
(j)      Informed consent:  decision, which must be 
written, dated and signed, to take part in a clinical 
trial, taken freely after being duly informed of its 
nature, signifi cance, implications and risks and 
appropriately documented, by any person capable of 
giving consent or, where the person is not capable of 
giving consent, by his or her legal representative; if 
the person concerned is unable to write, oral consent 
in the presence of at least one witness may be given 
in exceptional cases, as provided for in national 
legislation.  
(k)      Ethics Committee:  an independent body in a 
Member State, consisting of health care professionals 
and non - medical members, whose responsibility it is 
to protect the rights, safety and well - being of human 
subjects involved in a trial and to provide public 
assurance of that protection, by, among other things, 
expressing an opinion on the trial protocol, the suit-
ability of the investigators and the adequacy of facili-
ties, and on the methods and documents to be used 
to inform trial subjects and obtain their informed 
consent.  
(l)      Inspection:  the act by a competent authority of 
conducting an offi cial review of documents, facilities, 
records, quality assurance arrangements and any 
other resources that are deemed by the competent 
authority to be related to the clinical trial and that 
may be located at the site of the trial, at the sponsor ’ s 
and/or contract research organisation ’ s facilities, or at 
other establishments which the competent authority 
sees fi t to inspect.  
(m)      Adverse event:  any untoward medical occurrence 
in a patient or clinical trial subject administered a 
medicinal product and which does not necessarily 
have a causal relationship with this treatment.  
(n)      Adverse reaction:  all untoward and unintended 
responses to an investigational medicinal product 
related to any dose administered.  
(o)      Serious adverse event or serious adverse reaction:
any untoward medical occurrence or effect that at any 
dose results in death, is life - threatening, requires hos-
pitalisation or prolongation of existing hospi talisation, 
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results in persistent or signifi cant disability or incapac-
ity, or is a congenital anomaly or birth defect.  
(p)      Unexpected adverse reaction:  an adverse reaction, 
the nature or severity of which is not consistent with 
the applicable product information (e.g. investiga-
tor ’ s brochure for an unauthorised investigational 
product or summary of product characteristics for an 
authorised product).      

Article 3 
Protection of  clinical trial subjects
1.     This Directive shall apply without prejudice to 
the national provisions on the protection of clinical 
trial subjects if they are more comprehensive than 
the provisions of this Directive and consistent with 
the procedures and timescales specifi ed therein. 
Member States shall, insofar as they have not already 
done so, adopt detailed rules to protect from abuse 
individuals who are incapable of giving their informed 
consent.  
2.     A clinical trial may be undertaken only if, in 
particular: 
(a)     the foreseeable risks and inconveniences have 
been weighed against the anticipated benefi t for the 
individual trial subject and other present and future 
patients. A clinical trial may be initiated only if the 
Ethics Committee and/or the competent authority 
comes to the conclusion that the anticipated thera-
peutic and public health benefi ts justify the risks and 
may be continued only if compliance with this 
requirement is permanently monitored;  
(b)     the trial subject or, when the person is not able 
to give informed consent, his legal representative has 
had the opportunity, in a prior interview with the 
investigator or a member of the investigating team, to 
understand the objectives, risks and inconveniences 
of the trial, and the conditions under which it is to 
be conducted and has also been informed of his right 
to withdraw from the trial at any time;  
(c)     the rights of the subject to physical and mental 
integrity, to privacy and to the protection of the data 
concerning him in accordance with Directive 95/46/ 
EC are safeguarded;  
(d)     the trial subject or, when the person is not able 
to give informed consent, his legal representative has 
given his written con sent after being informed of the 
nature, signifi cance, implications and risks of the 
clinical trial; if the individual is unable to write, oral 
consent in the presence of at least one witness may 
be given in exceptional cases, as provided for in 
national legislation;  

(e)     the subject may without any resulting detriment 
withdraw from the clinical trial at any time by revok-
ing his informed consent;  
(f)     provision has been made for insurance or indem-
nity to cover the liability of the investigator and 
sponsor.    
3.     The medical care given to, and medical decisions 
made on behalf of, subjects shall be the responsibility 
of an appropriately qualifi ed doctor or, where appro-
priate, of a qualifi ed dentist.  
4.     The subject shall be provided with a contact point 
where he may obtain further information.      

Article 4 
Clinical trials on minors 
 In addition to any other relevant restriction, a clinical 
trial on minors may be undertaken only if:
(a)     The informed consent of the parents or legal rep-
resentative has been obtained; consent must repre-
sent the minor ’ s presumed will and may be revoked 
at any time, without detriment to the minor.  
(b)     The minor has received information according to 
its capacity of understanding, from staff with experi-
ence with minors, regarding the trial, the risks and 
the benefi ts.  
(c)     The explicit wish of a minor who is capable of 
forming an opinion and assessing this information to 
refuse participation or to be withdrawn from the 
clinical trial at any time is considered by the investiga-
tor or where appropriate the principal investigator.  
(d)     No incentives or fi nancial inducements are given 
except compensation.  
(e)     Some direct benefi t for the group of patients 
is obtained from the clinical trial and only where 
such research is essential to validate data obtained in 
clinical trials on persons able to give informed 
consent or by other research methods; additionally, 
such research should either relate directly to a clinical 
condition from which the minor concerned suffers 
or be of such a nature that it can only be carried out 
on minors.  
(f)     The corresponding scientifi c guidelines of the 
Agency have been followed.  
(g)     Clinical trials have been designed to minimise 
pain, discomfort, fear and any other foreseeable risk 
in relation to the disease and developmental stage; 
both the risk threshold and the degree of distress have 
to be specially defi ned and constantly monitored.  
(h)     The Ethics Committee, with paediatric expertise 
or after taking advice in clinical, ethical and psycho-
social problems in the fi eld of paediatrics, has 
endorsed the protocol.  
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(i)     The interests of the patient always prevail over 
those of science and society.      

Article 5 
Clinical trials on incapacitated adults not able to 
give informed legal consent
 In the case of other persons incapable of giving 
informed legal consent, all relevant requirements 
listed for persons capable of giving such consent shall 
apply. In addition to these requirements, inclusion in 
clinical trials of incapacitated adults who have not 
given or not refused informed consent before the 
onset of their incapacity shall be allowed only if:
(a)     The informed consent of the legal representative 
has been obtained; consent must represent the sub-
ject ’ s presumed will and may be revoked at any time, 
without detriment to the subject.  
(b)     The person not able to give informed legal 
consent has received information according to his/
her capacity of understanding regarding the trial, the 
risks and the benefi ts.  
(c)     The explicit wish of a subject who is capable 
of forming an opinion and assessing this information 
to refuse participation in, or to be withdrawn from, 
the clinical trial at any time is considered by the 
investigator or where appropriate the principal 
investigator.  
(d)     No incentives or fi nancial inducements are given 
except compensation.  
(e)     Such research is essential to validate data obtained 
in clinical trials on persons able to give informed 
consent or by other research methods and relates 
directly to a life - threatening or debilitating clinical 
condition from which the incapacitated adult con-
cerned suffers.  
(f)     Clinical trials have been designed to minimise 
pain, discomfort, fear and any other foreseeable risk 
in relation to the disease and developmental stage; 
both the risk threshold and the degree of distress shall 
be specially defi ned and constantly monitored.  
(g)     The Ethics Committee, with expertise in the rel-
evant disease and the patient population concerned 
or after taking advice in clinical, ethical and psycho-
social questions in the fi eld of the relevant disease and 
patient population concerned, has endorsed the 
protocol.  
(h)     The interests of the patient always prevail over 
those of science and society.  
(i)     There are grounds for expecting that administer-
ing the medicinal product to be tested will produce a 
benefi t to the patient outweighing the risks or 
produce no risk at all.      

Article 6 
Ethics Committee
1.     For the purposes of implementation of the clinical 
trials, Member States shall take the measures neces-
sary for establishment and operation of Ethics 
Committees.  
2.     The Ethics Committee shall give its opinion, 
before a clinical trial commences, on any issue 
requested.  
3.     In preparing its opinion, the Ethics Committee 
shall consider, in particular: 
(a)     the relevance of the clinical trial and the trial 
design;  
(b)     whether the evaluation of the anticipated bene-
fi ts and risks as required under Article 3(2)(a) is sat-
isfactory and whether the conclusions are justifi ed;  
(c)     the protocol;  
(d)     the suitability of the investigator and supporting 
staff;  
(e)     the investigator ’ s brochure;  
(f)     the quality of the facilities;  
(g)     the adequacy and completeness of the written 
information to be given and the procedure to be fol-
lowed for the purpose of obtaining informed consent 
and the justifi cation for the research on persons inca-
pable of giving informed consent as regards the spe-
cifi c restrictions laid down in Article 3;  
(h)     provision for indemnity or compensation in the 
event of injury or death attributable to a clinical trial;  
(i)     any insurance or indemnity to cover the liability 
of the investigator and sponsor;  
(j)     the amounts and, where appropriate, the arrange-
ments for rewarding or compensating investigators 
and trial subjects and the relevant aspects of any 
agreement between the sponsor and the site; and  
(k)     the arrangements for the recruitment of subjects.    
4.     Notwithstanding the provisions of this Article, a 
Member State may decide that the competent author-
ity it has designated for the purpose of Article 9 shall 
be responsible for the consideration of, and the giving 
of an opinion on, the matters referred to in paragraph 
3(h), (i) and (j) of this Article. 
 When a Member State avails itself of this provision, 
it shall notify the Commission, the other Member 
States and the Agency.  
5.     The Ethics Committee shall have a maximum of 
60 days from the date of receipt of a valid applica -
tion to give its reasoned opinion to the applicant 
and the competent authority in the Member State 
concerned.  
6.     Within the period of examination of the applica-
tion for an opinion, the Ethics Committee may send 
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a single request for information supplementary to 
that already supplied by the applicant. The period laid 
down in paragraph 5 shall be suspended until receipt 
of the supplementary information.  
7.     No extension to the 60 - day period referred to 
in paragraph 5 shall be permissible except in the case 
of trials involving medicinal products for gene 
therapy or somatic cell therapy or medicinal products 
containing genetically modifi ed organisms. In this 
case, an extension of a maximum of 30 days shall be 
permitted. For these products, this 90 - day period may 
be extended by a further 90 days in the event of con-
sultation of a group or a committee in accordance 
with the regulations and procedures of the Member 
States concerned. In the case of xenogenic cell therapy, 
there shall be no time limit to the authorisation 
period.      

Article 7 
Single opinion
 For multicentre clinical trials limited to the territory 
of a single Member State, Member States shall estab-
lish a procedure providing, notwithstanding the 
number of Ethics Committees, for the adoption of a 
single opinion for that Member State. 

 In the case of multicentre clinical trials carried out 
in more than one Member State simultaneously, a 
single opinion shall be given for each Member State 
concerned by the clinical trial.   

Article 8 
Detailed guidance
 The Commission, in consultation with Member 
States and interested parties, shall draw up and 
publish detailed guidance on the application format 
and documentation to be submitted in an application 
for an Ethics Committee opinion, in particular 
regarding the information that is given to subjects, 
and on the appropriate safeguards for the protection 
of personal data.   

Article 9 
Commencement of a clinical trial
1.     Member States shall take the measures necessary 
to ensure that the procedure described in this Article 
is followed for commencement of a clinical trial. The 
sponsor may not start a clinical trial until the Ethics 
Committee has issued a favourable opinion and inas-
much as the competent authority of the Member 
State concerned has not informed the sponsor of any 
grounds for non - acceptance. The procedures to reach 

these decisions can be run in parallel or not, depend-
ing on the sponsor.  
2.     Before commencing any clinical trial, the sponsor 
shall be required to submit a valid request for author-
isation to the competent authority of the Member 
State in which the sponsor plans to conduct the clini-
cal trial.  
3.     If the competent authority of the Member State 
notifi es the sponsor of grounds for non - acceptance, 
the sponsor may, on one occasion only, amend the 
content of the request referred to in paragraph 2 in 
order to take due account of the grounds given. If the 
sponsor fails to amend the request accordingly, the 
request shall be considered rejected and the clinical 
trial may not commence.  
4.     Consideration of a valid request for authorisation 
by the competent authority as stated in paragraph 2 
shall be carried out as rapidly as possible and may not 
exceed 60 days. The Member States may lay down a 
shorter period than 60 days within their area of 
responsibility if that is in compliance with current 
practice. The competent authority can nevertheless 
notify the sponsor before the end of this period that 
it has no grounds for non - acceptance. 

 No further extensions to the period referred to in 
the fi rst sub - paragraph shall be permissible except in 
the case of trials involving the medicinal products 
listed in paragraph 6, for which an extension of a 
maximum of 30 days shall be permitted. For these 
products, this 90 - day period may be extended by a 
further 90 days in the event of consultation of a group 
or a committee in accordance with the regulations 
and procedures of the Member States concerned. In 
the case of xenogenic cell therapy there shall be no 
time limit to the authorisation period.  
5.     Without prejudice to paragraph 6, written author-
isation may be required before the commencement of 
clinical trials for such trials on medicinal products 
which do not have a marketing authorisation within 
the meaning of Directive 65/65/EEC and are referred 
to in Part A of the Annex to Regulation (EEC) No 
2309/93, and other medicinal products with special 
characteristics, such as medicinal products the active 
ingredient or active ingredients of which is or are a 
biological product or biological products of human 
or animal origin, or contains biological components 
of human or animal origin, or the manufacturing of 
which requires such components.  
6.     Written authorisation shall be required before 
commencing clinical trials involving medicinal prod-
ucts for gene therapy, somatic cell therapy including 
xenogenic cell therapy and all medicinal products 



778 Appendix 3

containing genetically modifi ed organisms. No gene 
therapy trials may be carried out which result in 
modifi cations to the subject ’ s germ line genetic 
identity.  
7.     This authorisation shall be issued without preju-
dice to the application of Council Directives 90/219/ 
EEC of 23 April 1990 on the contained use of geneti-
cally modifi ed micro - organisms 9  and 90/220/EEC of 
23 April 1990 on the deliberate release into the envi-
ronment of genetically modifi ed organisms. 10

8.     In consultation with Member States, the Commis-
sion shall draw up and publish detailed guidance on: 
(a)     the format and contents of the request re  ferred 
to in paragraph 2 as well as the documentation to be 
submitted to support that request, on the quality and 
manufacture of the investigational medicinal product, 
any toxicological and pharmacological tests, the pro-
tocol and clinical information on the investigational 
medicinal product including the investigator ’ s 
brochure;  
(b)     the presentation and content of the proposed 
amendment referred to in point (a) of Article 10 on 
substantial amendments made to the protocol;  
(c)     the declaration of the end of the clinical trial.        

Article 10 
Conduct of a clinical trial
 Amendments may be made to the conduct of a 
clinical trial following the procedure described 
hereinafter.
(a)     After the commencement of the clinical trial, the 
sponsor may make amendments to the protocol. If 
those amendments are substantial and are likely to 
have an impact on the safety of the trial subjects or 
to change the interpretation of the scientifi c docu-
ments in support of the conduct of the trial, or if they 
are otherwise signifi cant, the sponsor shall notify the 
competent authorities of the Member State or 
Member States concerned of the reasons for, and 
content of, these amendments and shall inform the 
ethics committee or committees concerned in accord-
ance with Articles 6 and 9. 

 On the basis of the details referred to in Article 6(3) 
and in accordance with Article 7, the Ethics Commit-
tee shall give an opinion within a maximum of 35 
days of the date of receipt of the proposed amend-

ment in good and due form. If this opinion is unfa-
vourable, the sponsor may not implement the 
amendment to the protocol. If the opinion of the 
Ethics Committee is favourable and the competent 
authorities of the Member States have raised no 
grounds for non - acceptance of the abovementioned 
substantial amendments, the sponsor shall proceed 
to conduct the clinical trial following the amended 
protocol. Should this not be the case, the sponsor 
shall either take account of the grounds for non -
 acceptance and adapt the proposed amendment to 
the protocol accordingly or withdraw the proposed 
amendment.  
(b)     Without prejudice to point (a), in the light of the 
circumstances, notably the occurrence of any new 
event relating to the conduct of the trial or the devel-
opment of the investigational medicinal product 
where that new event is likely to affect the safety of 
the subjects, the sponsor and the investigator shall 
take appropriate urgent safety measures to protect the 
subjects against any immediate hazard. The sponsor 
shall forthwith inform the competent authorities of 
those new events and the measures taken and shall 
ensure that the Ethics Committee is notifi ed at the 
same time.  
(c)     Within 90 days of the end of a clinical trial the 
sponsor shall notify the competent authorities of the 
Member State or Member States concerned and 
the Ethics Committee that the clinical trial has ended. 
If the trial has to be terminated early, this period shall 
be reduced to 15 days and the reasons clearly 
explained.      

Article 11 
Exchange of information
1.     Member States in whose territory the clinical trial 
takes place shall enter in a European database, acces-
sible only to the competent authorities of the Member 
States, the Agency and the Commission: 
(a)     extracts from the request for authorisation 
referred to in Article 9(2);  
(b)     any amendments made to the request, as pro-
vided for in Article 9(3);  
(c)     any amendments made to the protocol, as pro-
vided for in point a of Article 10;  
(d)     the favourable opinion of the Ethics 
Committee;  
(e)     the declaration of the end of the clinical trial; and  
(f)     a reference to the inspections carried out on con-
formity with Good Clinical Practice.    
2.     At the substantiated request of any Member State, 
the Agency or the Commission, the competent 

 9      OJ L 117, 8.5.1990, p. 1. Directive as last amended by Direc-

tive 98/81/EC (OJ L 330, 5.12.1998, p. 13). 
 10      OJ L 117, 8.5.1990, p. 15. Directive as last amended by 

Commission Directive 97/35/EC (OJ L 169, 27.6.1997, p. 72). 



Directive 2001/20/EC of the European Parliament and of the Council of 4 April 2001 779

authority to which the request for authorisation was 
submitted shall supply all further information con-
cerning the clinical trial in question other than the 
data already in the European database.  
3.     In consultation with the Member States, the Com-
mission shall draw up and publish detailed guidance 
on the relevant data to be included in this European 
database, which it operates with the assistance of the 
Agency, as well as the methods for electronic com-
munication of the data. The detailed guidance thus 
drawn up shall ensure that the confi dentiality of the 
data is strictly observed.      

Article 12 
Suspension of the trial or infringements
1.     Where a Member State has objective grounds for 
considering that the conditions in the request for 
authorisation referred to in Article 9(2) are no longer 
met or has information raising doubts about the 
safety or scientifi c validity of the clinical trial, it may 
suspend or prohibit the clinical trial and shall notify 
the sponsor thereof. 
 Before the Member State reaches its decision it shall, 
except where there is imminent risk, ask the sponsor 
and/or the investigator for their opinion, to be deliv-
ered within 1 week. 
 In this case, the competent authority concerned shall 
forthwith inform the other competent authorities, 
the Ethics Committee concerned, the Agency and the 
Commission of its decision to suspend or prohibit 
the trial and of the reasons for the decision.  
2.     Where a competent authority has objective 
grounds for considering that the sponsor or the inves-
tigator or any other person involved in the conduct 
of the trial no longer meets the obligations laid down, 
it shall forthwith inform him thereof, indicating the 
course of action which he must take to remedy this 
state of affairs. The competent authority concerned 
shall forthwith inform the Ethics Committee, the 
other competent authorities and the Commission of 
this course of action.      

Article 13 
Manufacture and  import of investigational
medicinal products 
1.     Member States shall take all appropriate measures 
to ensure that the manufacture or importation of 
investigational medicinal products is subject to the 
holding of authorisation. 

 In order to obtain the authorisation, the applicant 
and, subsequently, the holder of the authorisation, 

shall meet at least the requirements defi ned in accord-
ance with the procedure referred to in Article 21(2).  
2.     Member States shall take all appropriate measures 
to ensure that the holder of the authorisation referred 
to in paragraph 1 has permanently and continuously 
at his disposal the services of at least one qualifi ed 
person who, in accordance with the conditions laid 
down in Article 23 of the second Council Directive 
75/319/EEC of 20 May 1975 on the approximation of 
provisions laid down by law, regulation or adminis-
trative action relating to proprietary medicinal prod-
ucts,11  is responsible in particular for carrying out the 
duties specifi ed in paragraph 3 of this Article.  
3.     Member States shall take all appropriate measures 
to ensure that the qualifi ed person referred to in 
Article 21 of Directive 75/319/EEC, without prejudice 
to his relationship with the manufacturer or importer, 
is responsible, in the context of the procedures 
referred to in Article 25 of the said Directive, for 
ensuring: 
(a)     in the case of investigational medicinal products 
manufactured in the Member State concerned, that 
each batch of medicinal products has been manufac-
tured and checked in compliance with the require-
ments of Commission Directive 91/356/EEC of 13 
June 1991 laying down the principles and guidelines 
of good manufacturing practice for medicinal prod-
ucts for human use, 12  the product specifi cation fi le 
and the informa  tion notifi ed pursuant to Article 9(2) 
of this Directive;  
(b)     in the case of investigational medicinal products 
manufactured in a third country, that each produc-
tion batch has been manufactured and checked in 
accordance with standards of good manufacturing 
practice at least equivalent to those laid down in 
Commission Directive 91/356/EEC, in accordance 
with the product specifi cation fi le, and that each pro-
duction batch has been checked in accordance ith the 
information notifi ed pursuant to Article 9(2) of this 
Directive;  
(c)     in the case of an investigational medicinal 
product which is a comparator product from a third 
country, and which has a marketing authorisation, 
where the documentation certifying that each pro-
duction batch has been manufactured in conditions 
at least equivalent to the standards of good manufac-
turing practice referred to above cannot be obtained, 

 11      OJ L 147, 9.6.1975, p. 13. Directive as last amended by 

Council Directive 93/39/EC (OJ L 214, 24.8.1993, p. 22). 
 12      OJ L 193, 17.7.1991, p. 30. 
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that each production batch has undergone all rele-
vant analyses, tests or checks necessary to confi rm its 
quality in accordance with the information notifi ed 
pursuant to Article 9(2) of this Directive. 

 Detailed guidance on the elements to be taken into 
account when evaluating products with the object of 
releasing batches within the Community shall be 
drawn up pursuant to the Good Manufacturing Prac-
tice guidelines, and in particular Annex 13 to the said 
guidelines. Such guidelines will be adopted in accord-
ance with the procedure referred to in Article 21(2) 
of this Directive and published in accordance with 
Article 19a of Directive 75/319/EEC. 

 Insofar as the provisions laid down in (a), (b) or 
(c) are complied with, investigational medicinal 
products shall not have to undergo any further checks 
if they are imported into another Member State 
together with batch release certifi cation signed by the 
qualifi ed person.    
4.     In all cases, the qualifi ed person must certify in a 
register or equivalent document that each production 
batch satisfi es the provisions of this Article. The said 
register or equivalent document shall be kept up to 
date as operations are carried out and shall remain at 
the disposal of the agents of the competent authority 
for the period specifi ed in the provisions of the 
Member States concerned. This period shall in any 
event be not less than 5 years.  
5.     Any person engaging in activities as the qualifi ed 
person referral to in Article 21 of Directive 75/319/ 
EEC as regards investigational medicinal products 
at the time when this Directive is applied in the 
Member State where that person is, but without com-
plying with the conditions laid down in Articles 
23 and 24 of that Directive, shall be authorised to 
continue those activities in the Member State 
concerned.      

Article 14 
Labelling
 The particulars to appear in at least the offi cial 
language(s) of the Member State on the outer packag-
ing of investigational medicinal products or, where 
there is no outer packaging, on the immediate pack-
aging, shall be published by the Commission in the 
Good Manufacturing Practice guidelines on investi-
gational medicinal products adopted in accordance 
with Article 19a of Directive 75/319/EEC. 

 In addition, these guidelines shall lay down adapted 
provisions relating to labelling for investigational 
medicinal products intended for clinical trials with 
the following characteristics:

    •      the planning of the trial does not require particular 
manufacturing or packaging processes;  
   •      the trial is conducted with medicinal products with, 
in the Member States concerned by the study, a mar-
keting authorisation within the meaning of Directive 
65/65/EEC, manufactured or imported in accordance 
with the provisions of Directive 75/319/ EEC; and  
   •      the patients participating in the trial have the same 
characteristics as those covered by the indication 
specifi ed in the abovementioned authorisation.      

Article 15 
Verifi cation of  compliance of investigational
medicinal products with  Good Clinical and 
Manufacturing Practice 
1.     To verify compliance with the provisions on Good 
Clinical and Manufacturing Practice. Member States 
shall appoint inspectors to inspect the sites concerned 
by any clinical trial conducted, particularly the trial 
site or sites, the manufacturing site of the investiga-
tional medicinal product, any laboratory used for 
analyses in the clinical trial and/or the sponsor ’ s 
premises. The inspections shall be conducted by the 
competent authority of the Member State concerned, 
which shall inform the Agency; they shall be carried 
out on behalf of the Community and the results shall 
be recognised by all the other Member States. These 
inspections shall be coordinated by the Agency, 
within the framework of its powers as provided for 
in Regulation (EEC) No 2309/93. A Member State 
may request assistance from another Member State in 
this matter.  
2.     Following inspection, an inspection report shall be 
prepared. It must be made available to the sponsor 
while safeguarding confi dential aspects. It may be 
made available to the other Member States, to the 
Ethics Committee and to the Agency, at their rea-
soned request.  
3.     At the request of the Agency, within the frame-
work of its powers as provided for in Regulation 
(EEC) No 2309/93, or of one of the Member States 
concerned, and following consultation with the 
Member States concerned, the Commission may 
request a new inspection should verifi cation of com-
pliance with this Directive reveal differences between 
Member States.  
4.     Subject to any arrangements which may have been 
concluded between the Community and third coun-
tries, the Commission, upon receipt of a reasoned 
request from a Member State or on its own initiative, 
or a Member State may propose that the trial site and/
or the sponsor ’ s premises and/or the manufacturer 



Directive 2001/20/EC of the European Parliament and of the Council of 4 April 2001 781

established in a third country undergo an inspection. 
The inspection shall be carried out by duly qualifi ed 
Community inspectors.  
5.     The detailed guidelines on the documentation 
relating to the clinical trial, which shall constitute the 
master fi le on the trial, archiving, qualifi cations of 
inspectors and inspection procedures to verify com-
pliance of the clinical trial in question with this 
Directive shall be adopted and revised in accordance 
with the procedure referred to in Article 21(2).      

Article 16 
Notifi cation of  adverse  events
1.     The investigator shall report all serious adverse 
events immediately to the sponsor except for those 
that the protocol or investigator ’ s brochure identifi es 
as not requiring immediate reporting. The immediate 
report shall be followed by detailed written reports. 
The immediate and follow - up reports shall identify 
subjects by unique code numbers assigned to the 
latter.  
2.     Adverse events and/or laboratory abnormalities 
identifi ed in the protocol as critical to safety evalua-
tions shall be reported to the sponsor according to 
the reporting requirements and within the time 
periods specifi ed in the protocol.  
3.     For reported deaths of a subject, the investigator 
shall supply the sponsor and the Ethics Committee 
with any additional information requested.  
4.     The sponsor shall keep detailed records of all 
adverse events which are reported to him by the 
investigator or investigators. These records shall 
be submitted to the Member States in whose terri -
tory the clinical trial is being conducted, if they so 
request.      

Article 17 
Notifi cation of  serious adverse  reactions
1.       (a)     The sponsor shall ensure that all relevant 
information about suspected serious unexpected 
adverse reactions that are fatal or life - threatening 
is recorded and reported as soon as possible to the 
competent authorities in all the Member States con-
cerned, and to the Ethics Committee, and in any case 
no later than 7 days after knowledge by the sponsor 
of such a case, and that relevant follow - up informa-
tion is subsequently communicated within an addi-
tional 8 days.  
(b)     All other suspected serious unexpected ad  verse 
reactions shall be reported to the competent authori-
ties concerned and to the Ethics Committee con-

cerned as soon as possible but within a maximum of 
15 days of fi rst knowledge by the sponsor.  
(c)     Each Member State shall ensure that all sus-
pected unexpected serious adverse reactions to an 
investigational medicinal product which are brought 
to its attention are recorded.  
(d)     The sponsor shall also inform all investigators.    
2.     Once a year throughout the clinical trial, the 
sponsor shall provide the Member States in whose 
territory the clinical trial is being conducted and the 
Ethics Committee with a listing of all suspected 
serious adverse reactions which have occurred over 
this period and a report of the subjects ’  safety.  
3.       (a)     Each Member State shall see to it that all sus-
pected unexpected serious adverse reactions to an 
investigational medicinal product which are brought 
to its attention are immediately entered in a Euro -
pean database to which, in accordance with Article 
11(1), only the competent authorities of the Member 
States, the Agency and the Commission shall have 
access.  
(b)     The Agency shall make the information notifi ed 
by the sponsor available to the competent authorities 
of the Member States.        

Article 18 
Guidance concerning reports
 The Commission, in consultation with the Agency, 
Member States and interested parties, shall draw up 
and publish detailed guidance on the collection, veri-
fi cation and presentation of adverse event/reaction 
reports, together with decoding procedures for unex-
pected serious adverse reactions.   

Article 19 
General  provisions 
 This Directive is without prejudice to the civil and 
criminal liability of the sponsor or the investigator. 
To this end, the sponsor or a legal representative of 
the sponsor must be established in the Community. 

 Unless Member States have established precise con-
ditions for exceptional circumstances, investigational 
medicinal products and, as the case may be, the devices 
used for their administration shall be made available 
free of charge by the sponsor. The Member States shall 
inform the Commission of such conditions.   

Article 20 
Adaptation to scientifi c and  technical progress 
 This Directive shall be adapted to take account of 
scientifi c and technical progress in accordance with 
the procedure referred to in Article 21(2).   
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Article 21 
Committee procedure 
1.     The Commission shall be assisted by the Standing 
Committee on Medicinal Products for Human Use, 
set up by Article 2b of Directive 75/318/EEC (herein-
after referred to as the Committee).  
2.     Where reference is made to this paragraph, Arti-
cles 5 and 7 of Decision 1999/468/EC shall apply, 
having regard to the provisions of Article 8 thereof. 
 The period referred to in Article 5(6) of Decision 
1999/468/EC shall be set at 3 months.  
3.     The Committee shall adopt its rules of procedure.      

Article 22 
Application
1.     Member States shall adopt and publish before 1 
May 2003 the laws, regulations and administrative 
provisions necessary to comply with this Directive. 
They shall forthwith inform the Commission thereof. 

 They shall apply these provisions at the latest with 
effect from 1 May 2004. 

 When Member States adopt these provisions, they 
shall contain a reference to this Directive or shall be 

accompanied by such reference on the occasion of 
their offi cial publication. The methods of making 
such reference shall be laid down by Member States.  
2.     Member States shall communicate to the Com-
mission the text of the provisions of national law 
which they adopt in the fi eld governed by this 
Directive.      

Article 23 
Entry into force 
 The Directive shall enter into force on the day of its 
publication in the Offi cial Journal of the European 
Communities .   

Article 24 
Addresses 
 This Directive is addressed to the Member States. 
Done at Luxembourg, 4 April 2001.

For the European Parliament      For the Council
The President      The President
  N. FONTAINE    B. ROSENGREN  
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Appendix 4
PharmaTrain Syllabus 2010     

PharmaTrain Syllabus 2010
The European European Training Syllabus for 

Pharmaceutical Medicine/Integrated Drug Develop-
ment Sciences * ,   www.pharmatrain.eu  

Section Overview
1      Discovery of Medicines
2      Development of Medicines: Planning
3      Non - Clinical Testing
4      Pharmaceutical Development
5      Exploratory Development (Molecule to Proof - 

of - Concept)
6      Confi rmatory Development: Strategies
7      Clinical Trials
8      Ethics and Legal Issues
9      Data Management and Statistics

10      Regulatory Affairs
11      Drug Safety, Pharmacovigilance and Pharmaco - 
epidemiology
12      Information, Promotion and Education
13      Economics of Health Care
14      Therapeutics

1 Discovery of Medicines

1.1     Strategy and organisation of research including 
collaborative approaches, e.g. with academia.  
1.2     Disease models; target identifi cation, validation 
and selection.  

1.3     Receptor - based approaches: agonists, antago-
nists, enzyme inhibitors, genomics, proteomics.  
1.4     The principal steps in discovering, modifying, 
assessing and patenting new chemical and biological 
compounds.  
1.5     Other therapeutic approaches, e.g. herbal and 
other natural products, drug - coupled devices and 
advanced therapies.  
1.6     Lead optimisation and candidate compound 
selection for further development.  
1.7      In vitro  and  in vivo  testing of new compounds.  
1.8     Principles of translational medicine.  
1.9     Relationship between animal and human phar-
macology, molecular biology and physiology, e.g. 
biomarkers, functional imaging, modelling and 
simulation.     

2 Development of 
Medicines: Planning 

2.1     The elements and functions necessary in the inte-
grated development of a new medicine at a corporate 
and international level.  
2.2     Quality management.  
2.3     Project management techniques: drug develop-
ment plan, project teams, tools and decision - making 
from target product profi le and target product claims 
to registration dossier submission.  
2.4     Programme planning in special cases, e.g. 
women, elderly, paediatrics, orphan drugs.  
2.5     Programmes in developing countries.  
2.6     Research and development portfolio planning 
including in -  and out - licensing of medicines (busi-
ness development).  
2.7     Resource planning: budgeting and cost control.     

*      Innovative Medicines Initiative (IMI), Training Pro-

grammes in Pharmaceutical Medicine, PharmaTrain, Execu-

tive Offi ce, c/o ECPM, University of Basel, Switzerland Tel 

+ 41 61 265 76 50. 
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3 Non-Clinical Testing

3.1     Pathophysiology and molecular biology - based 
pharmacology.  
3.2     Differences in non - clinical safety and toxicity 
packages between small molecules and biologicals.  
3.3     The fundamental differences and similarities 
between the pharmacology and toxicology of com-
pounds and their metabolites in animals and man, 
and their qualitative and quantitative assessment.  
3.4     The purpose of descriptive and quantitative  in
vitro  and  in vivo  testing.  
3.5     The choice of and the predictive value of these 
tests for acute, chronic, reproductive, genetic and 
immune toxicology, and carcinogenicity.  
3.6     Common mechanisms of damage to organs and 
their detection or elucidation.  
3.7     The scheduling of toxicology tests linked to 
development plans, to regulatory needs, to human 
and animal pharmacology, and to intended clinical 
use and route(s) of administration.  
3.8     The size, cost and administration of the toxicol-
ogy programme, its data management, quality assur-
ance and report writing.  
3.9     The regular review of toxicology, its inclusion 
into clinical trial protocols and investigator bro-
chures, and the appropriate planning and correlation 
with the clinical evaluation of potential and observed 
toxicity in patients.  
3.10     Safety pharmacology; hypersensitivity.  
3.11     Toxicokinetics;  in vitro  and  in vivo  study of 
metabolism; absorption, distribution, metabolism 
and elimination.     

4 Pharmaceutical Development

4.1     Pharmaceutical development of drug substance 
and drug product: formulations; manufacture and 
supply of materials; labelling and presentation; stabil-
ity and storage; purity; compatibility; disposal, 
including biotechnology products.  
4.2     The economic primary production of new com-
pounds and secondary production of research and 
market formulations.  
4.3     The choice of formulations depending upon the 
characteristics of the compound and the intended 
uses of the product.  
4.4     The principles of testing formulations for 
bioequivalence, stability, impurity and incompatibil-
ity leading to a fi nal specifi cation, including the 
development of biosimilar formulations.  

4.5     The concept of blinding: preparing matching 
placebo and competitor products.  
4.6     Planning clinical trials supply requirements; 
packaging and labelling of clinical trial supplies 
(including stability and storage requirements); dis-
tributing supplies and disposing of remaining stocks.     

5 Exploratory  Development
(Molecule to Proof -of-Concept)

5.1     Intended therapeutic indications, biomarkers, 
effi cacy endpoints and criteria for go/no - go decisions.  
5.2     Assessment of non - clinical data and risk as pre-
requisites before administration to man.  
5.3     Exploratory phase 0 trials.  
5.4     The early clinical development plan: the objec-
tives, design, conduct and analysis of early explora-
tory development studies; modelling and simulation; 
tolerability, metabolism, pharmacokinetics, pharma-
codynamics and safety in man; problems of partici-
pant ’ s safety in the concept of blinding.  
5.5     Pharmacokinetics, ADME and pharmacoki-
netic – pharmacodynamic models  
5.6     Concepts of half - life, volume of distribution, 
clearance.  
5.7     Bioavailability and bioequivalence.  
5.8     Extrinsic and intrinsic factors.  
5.9     Population pharmacokinetics.  
5.10     Pharmacogenetics – pharmacogenomics.  
5.11     Applicability of pharmacokinetics to dosage 
regimen and study design.  
5.12     First administration to patients: principles of 
proof - of - concept and dose - fi nding studies.  
5.13     Impact of results on planned therapeutic indi-
cations, on predicted dosage schedule, on addition-
ally required animal toxicology and on drug delivery 
concepts/forms.     

6 Confi rmatory  Development: 
Strategies 

6.1     Final defi nition of therapeutic indications, cate-
gories of patients, delivery system(s), dosage forms 
and dosage regimens.  
6.2     Planning and global coordination / harmonisa-
tion of pre - licensing and post - licensing clinical trial 
programmes; use of non - clinical and existing clinical 
trial data.  
6.3     Estimated treatment population; clinical trial 
supplies and costs up to registration.  
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6.4     Decision points, schedules and resources required 
for a confi rmatory clinical development plan.  
6.5     Life cycle management planning: extension of 
therapeutic claims, new formulations, new dosage 
schedules by peri - marketing trials, post - marketing 
(surveillance) studies and quality of life measures.  
6.6     Regulatory review of existing and emerging 
research results.     

7 Clinical Trials

7.1     Choice of trial design, of placebo and of other 
comparators, of patient populations, of sample size, 
of locations, of randomisation, of end - points and of 
statistical analysis.  
7.2     New trial designs, e.g. adaptive design.  
7.3     Non - interventional/observational study design.  
7.4     Principles of Good Clinical Practice and proce-
dures applied in all stages of the clinical trial process to 
ensure subject protection, scientifi c validity and safety.  
7.5     Investigator Brochure: content, review and 
maintenance.  
7.6     Protocol preparation and review.  
7.7     Feasibility and investigator recruitment.  
7.8     Pre - study visits and investigator meetings; inves-
tigator training.  
7.9     Project management including resources; 
vendors and budget.  
7.10     Contractual arrangements with investigators 
and contract research organisations, including publi-
cation rights.  
7.11     Clinical trial registries.  
7.12     Investigative site management.  
7.13     Within - trial decisions, e.g. code - breaking, 
interim analysis, premature termination.  
7.14     Study medication handling and drug 
accountability.  
7.15     Adverse event assessment and reporting; emer-
gency coverage.  
7.16     Monitoring and source document verifi cation.  
7.17     Trial master fi le.  
7.18     Quality management system; standard operat-
ing procedures; quality assurance and quality control; 
independent audits; inspections.  
7.19     Clinical trial report.     

8 Ethics and Legal Issues

8.1     Ethical issues in biomedical research and phar-
maceutical medicine.  

8.2     Ethics: principles, history including Declaration 
of Helsinki, Directive 2001/20/EC, ethical review, 
informed consent, safety and human dignity of 
research subjects.  
8.3     Protection of research subjects, minimising risk 
including site qualifi cation assessment.  
8.4     Ethical aspects in research questions and study 
designs for fi rst - in - human to post - marketing and 
epidemiological studies, including placebo and com-
parator choice  
8.5     Confl ict of interest and equipoise.  
8.6     Ethical aspects of subject contact and 
recruitment.  
8.7     Ethical issues of reimbursement, compensation 
and inducement.  
8.8     Risks, benefi ts and burden of study 
participation.  
8.9     The informed consent process.  
8.10     Privacy, confi dentiality and data protection.  
8.11     Indemnity and insurance for participants, 
investigators, institutions; complaint procedures.  
8.12     Ethical aspects of study follow - on.  
8.13     Ethical aspects of taking trial samples for 
genomic and related analyses.  
8.14     Ethical aspects of clinical trials in vulnerable 
populations.  
8.15     Ethical aspects of advanced therapy medicinal 
products.  
8.16     Ethical aspects of clinical trials in third world 
and emerging countries.  
8.17     Fraud and misconduct in biomedical research 
and clinical development.     

9 Data Management and Statistics

9.1     Options for data collection (manual and elec-
tronic) and standardisation.  
9.2     Case report form (CRF) design and review.  
9.3     Creation, maintenance and security of databases, 
software validation and archiving.  
9.4     From source document to CRF completion, CRF 
review and corrections, data entry, query generation 
and resolution, coding of adverse events, database 
lock.  
9.5     The purpose and fundamentals of statistics.  
9.6     Role and responsibilities of the statistician.  
9.7     The statistical analysis plan.  
9.8     Trial design: pre - trial decisions and specifi ca-
tions; risk factors; confounding variables.  
9.9     Hypothesis testing: the null hypothesis, type I 
and type II error, signifi cance, power.  
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9.10     Sample size calculation.  
9.11     Minimising bias.  
9.12     Types of data and standardisation of 
measurement.  
9.13     Patient - reported outcomes, e.g. diaries; quality 
of life measures.  
9.14     Statistical analysis of effi cacy endpoints and of 
safety.  
9.15     Interim analysis.  
9.16     Paired and non - paired tests, parametric and 
non - parametric tests, confi dence limits.  
9.17     Handling of rating and visual analogue scales, 
patient diaries and laboratory values.  
9.18     Handling of missing data.  
9.19     Sensitivity and specifi city of tests.  
9.20     True and apparent incidence and prevalence.  
9.21     Interpretation of analyses; assessment of viola-
tions, withdrawals, errors, bias.  
9.22     Statistical principles and issues in statistical 
report writing: data manipulation, transformation 
and merging; preparation of the statistical report.  
9.23     Clinical interpretation of trial results.  
9.24     Dealing with confounding factors and bias.  
9.25     Critical review of publications.     

10 Regulatory Affairs 

10.1     Background to and general principles of medi-
cines regulation.  
10.2     Philosophy of regulatory oversight; practical 
input of international bodies, e.g. World Health 
Organization (WHO), World Medical Association 
(WMA), Council for International Organization of 
Medical Science (CIOMS) and national agencies.  
10.3     The evolution of control mechanisms; differ-
ences between agencies.  
10.4     Activities and contribution of International 
Conference on Harmonisation (ICH).  
10.5     Good Manufacturing Practices; Good Labora-
tory Practices; Good Clinical Practices.  
10.6     Integration of regulatory affairs into pre -  and 
post - marketing; planning and review of product 
strategy.  
10.7     The approval, appeals and referrals processes in 
Europe; aspects of confi dentiality, transparency and 
updating; maintaining Marketing Authorisations.  
10.8     Orphan drugs, paediatrics, advanced therapies, 
generics and biosimilars.  
10.9     Regulatory management systems in Europe, 
USA, Japan, the rest of the world and local special 
regulatory requirements.  

10.10     Clinical Trials regulations; EU Directives 
and Guidances and their diversity in national imple-
mentation, clinical trial authorisation including 
Investigational Medicinal Product Dossier substantial 
amendments. Clinical trial regulations in other 
regions, e.g. the US investigational new drug process.  
10.11     Common Technical Document (CTD and 
eCTD); overviews  
10.12     Aggregate clinical trial report reviews, includ-
ing annual reports and CTD summaries.  
10.13     The preparation and submission of market -
ing applications in major countries (Marketing 
Authorisation Application, New Drug Application, 
Japanese New Drug Application, Canadian New Drug 
Application).  
10.14     Product Information regulation: Summary of 
Product Characteristics; Package Insert; Patient 
Information Leafl ets; Prescribing Information.  
10.15     Advertising and promotion regulation: pro-
motional material.  
10.16     Prescription - only and over - the - counter 
(OTC) medicines; switches.  
10.17     Provisions for and use of unlicensed 
medicines.  
10.18     Product defects and recall.  
10.19     Medical device regulations.  
10.20     Pharmacopoeias.  
10.21     Risk management: risk management plans in 
the EU; risk evaluation and mitigation strategies in 
the USA.  
10.22     Safety Specifi cation.  
10.23     Direct Healthcare Professional 
Communication.  
10.24     Product withdrawal procedures.  
10.25     Drug abuse and dependence.  
10.26     Off - label use and misuse.     

11 Drug Safety,  Pharmacovigilance
and Pharmaco-epidemiology

11.1     The role of the pharmaceutical professional in 
drug safety and pharmacovigilance.  
11.2     Assessment and classifi cation of adverse events, 
adverse drug reactions, Serious Adverse Events and 
Suspected Unexpected Serious Adverse Reactions; 
evidence for association and causality.  
11.3     The concept of benefi t – risk assessment, deter-
mination of causal relationship between the medici-
nal product and the adverse event.  
11.4     Collection of adverse events in clinical trials.  
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11.5     Role of sponsors and investigators in reporting; 
regulatory requirements.  
11.6     Predisposing factors in health and disease.  
11.7     Spontaneous reporting post - marketing.  
11.8     Dosage, accumulation, medication errors and 
interactions.  
11.9     Drug adherence/compliance.  
11.10     Periodic Safety Update Reports.  
11.11     Pharmaco - epidemiology.  
11.12     Main sources of epidemiological pharma-
covigilance information.  
11.13     Signal detection, interpretation and 
management.  
11.14     Post - authorisation safety studies.  
11.15     Post - authorisation risk management includ-
ing issue and crisis management.  
11.16     Risk communication.     

12 Information,  Promotion and 
Education

12.1     Information to patients and patient organisa-
tions, prescribing and compliance.  
12.2     Product Information content and prepara -
tion: Summary of Product Characteristics; Package 
Insert; Patient Information Leafl ets; Prescribing 
Information.  
12.3     Product support and promotion.  
12.4     Codes of conduct: promotional policy and pro-
cedures; Good Promotional Practice.  
12.5     Advertising: claims, ethics, control and approval.  
12.6     Publication strategy.  
12.7     Sales representative training: material and aids.  
12.8     Educational meetings; sponsored meetings and 
sponsored publications.     

13 Economics of Health Care 

13.1     Principles of health care economics; principles 
of justice and equity in health care economics.  

13.2     Principles of pharmaco - economics.  
13.3     Evidence - based medicine; outcomes research.  
13.4     Quality of life, concept and measurement 
instruments.  
13.5     Principles and practice of marketing; market 
structure and competition; market analysis, pricing 
and reimbursement strategies; national and local 
formularies.  
13.6     Medical marketing and market access.  
13.7     Measurement of health care effi ciency, govern-
mental policy and third party reimbursement.  
13.8     Economics of industry: competition, licensing, 
co - marketing.  
13.9     Financial control, return on investment, fi xed 
assets, budgeting, accounting, profi tability.  
13.10     Generics and biosimilars, parallel imports, 
OTC; switching strategies.  
13.11     Health Technology Assessment including 
meta - analysis and systematic review; health econom-
ics evaluation studies.     

14 Therapeutics 

14.1     Major therapeutic areas and areas of unmet 
medical need, including rare diseases.  
14.2     Major drug classes, including small molecules, 
biologicals, advanced therapies: mode of action, use, 
safety, benefi t – risk balance.  
14.3     Gene therapy, somatic cell therapy, tissue, 
medical devices, device – drug combinations, vaccines: 
mode of action, use, safety, benefi t – risk balance.  
14.4     Therapy - related diagnostics.  
14.5     Prescribing for particular populations, e.g. chil-
dren, elderly, pregnant and breastfeeding women, 
patients with renal or hepatic impairment.  
14.6     Drug interactions.  
14.7     Controlled drugs, drug abuse and drug 
dependence.  
14.8     Overdose and treatment of poisoning.  
14.9     Therapeutic drug monitoring.    
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Index

Note:
Abbreviations used in the index are listed on pages xiv–xviii
Drug and product names are in bold
Page numbers in italics refer to fi gures and boxes; those in bold refer to tables.

acetylcholinesterase (AChE) inhibitors 
14–15

acid-labile drugs 33
acquired immunodefi ciency syndrome 

(AIDS) see AIDS
active comparator see under controlled 

clinical trials
active implantable medical devices 

(AIMDs) 419
active medical devices 423
active substances, and similar active 

substances 372
acute coronary syndrome 16
acute toxicity 87–88
adalimumab (Humira) 20
adaptive licensing 531
adjuvant(s), for vaccines 266–267

novel 267
adjuvant therapy, cancer 271
ADME characteristics 114

drug interaction studies 122
information, preclinical safety testing 

43, 87
radiolabelled drug study, metabolite 

toxicology 70
ADMET properties 3
Administration of Radioactive Substances 

Advisory Committee (ARSAC) 
126

approval for trial 171
administration routes

fi rst-in-human trials 97, 106
preclinical safety pharmacology studies 

50
preclinical safety testing 68, 68–69

biologicals 74
carcinogenicity studies 56–57

risk minimisation in volunteer studies 
106

see also drug delivery (administration); 
oral administration route; other
specifi c routes

adolescents
paediatric clinical trials 301
vaccines 255

see also children; minors; paediatric 
drug development

β2-adrenoceptor agonists 17
ADROIT 334
Advanced Therapy Medicinal Products 

(ATMPs)
EC Regulation 374, 641
Medicines for Human Use Regulations 

2012 614
tissue engineered products 431–432

adverse drug reaction (ADR) 721
augmented (type A) 174, 175, 246
Australia, regulation of therapeutic 

products 569, 579–580, 581
black triangle scheme 330, 332
collection and collation 241
common reactions 246
CSM Subcommittee 327, 331
defi nition 173–174, 235, 240
demography, UK Register 331
EudraVigilance database 413
fatal or life-threatening 579

see also life-threatening adverse 
events

frequency 43, 249
history of monitoring 322–323
ICH GCP 173–174, 235

see also International Conference on 
Harmonisation (ICH)

interim reviews, fi rst-in-human trials 
106–107

Japan 546
major drugs withdrawn 333

see also drug withdrawal
non-prescription drugs 396
number of monitored patients 333
number of patients needed to detect 

174
number of reports 330, 331, 333, 334
paediatric 437
prediction by preclinical safety 

pharmacology studies 50
prescription drugs 479, 485
rechallenge after 175
regulations 330–335

A
abacavir 249
abbreviated New Drug Application 

(ANDA) (US) 478, 487, 
502–503

criteria for approval 487
generic drug competition, impact of 

519
abiraterone 274
ABPI Code of Practice see Association of 

British Pharmaceutical Industry 
(ABPI), Code of Practice

absolute rate reduction (ARR) 204, 205
absorption (of drugs) 114, 114

bioavailability defi nition 120
children/neonates, developmental 

pharmacokinetics 297
enhancement 33
see also plasma concentrations

absorption, distribution, metabolism, 
excretion and toxicological 
(ADMET) properties 3

abuse potential
preclinical safety pharmacology studies 

52
reporting 242

academia, collaboration strategies with 
companies 5, 9, 23–24, 219, 
220

academic drug discovery sector 23
accelerated approval see under 

registration
accelerator mass spectrometry 126
access, of patient (to drugs) 504–505, 

577–582
accessory, as medical device 422
accountability

investigational medicinal products 
165, 166

records 165
accreditation, online medicines 605
ACE inhibitors 16
acetaminophen, metabolite 69–70
acetylcholine, reduced activity in 

Alzheimer’s disease 14
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reporting 241–242
clinical trials 243, 350–351
doctor (by) 331, 331–332, 332
EU Clinical Trial Directive 350–351
health care practitioners (by) 333
national legal requirements 241–242
patients (by) 333
protocol instructions 158
rates of 330
spontaneous 330
see also Yellow Card scheme

SAMM guidelines 767–770
serious 579

in clinical trials 781
doctor reports 331
incidence 235
percentage of reports 332
see also serious adverse events 

(SAEs)
severe 551
therapeutic dose relationship 96
types (A-F) 174, 175, 246
unexpected 175, 579
volunteer studies 95–96

see also TGN1412 (CD28 antibody)
yellow card scheme see Yellow Card 

scheme
adverse effects, biologicals 134
adverse events 505, 528

Australia, regulation of therapeutic 
products 579–580, 581

causality establishment 174–175, 
246–247

degrees of certainty 175
see also causality (adverse events)

coding 242
collection and collation 241
defi nition 174, 240
determining clinical signifi cance 

175–176
Eudamed 432
global introspection 175
infl uencing later development study 

design 221
life-threatening 174, 175, 241, 243
medical devices 432
NDA, power to order new safety 

disclosures 516
over-reporting, detecting 247
paediatric regulation 437
product quality complaints and 242
reporting 174–175

to ethics committees 176
EU Clinical Trial Directive 350–351
on medical devices 432
protocol instructions 158

serious see serious adverse events 
(SAEs)

unexpected 175, 511
adverse experience see adverse events
Adverse Reaction Leafl et 332, 333
advertising

ABPI Code see Association of British 
Pharmaceutical Industry 
(ABPI), Code of Practice

Australian regulations 583–584
methods 583
prescription medicines 583

authorised medicinal products 
642–643

to health professionals 643
campaign, for clinical trials 172
clinical trial subjects, ABPI guideline 

766
complaints 673, 675, 676–677
defi nition 412

EU, human medicinal products 
410–413

see also EU Procedures
FDA regulation 488–489

non-prescription drugs 476–477
prescription drugs 488–489

to health professionals 412
herbal medicines 672
internet, prescription drugs 681
Japan 546
legislation 671–672, 677–678

enforcement 673–678
MHRA role 673
see also Association of British 

Pharmaceutical Industry 
(ABPI), Code of Practice

legislation, controls/codes 672, 
673–678

methods 488
monitoring 412, 672–673

of published material 672–673
off-label 527
over-the-counter (OTC) drugs 595
prescription drugs 643, 670, 681

USA 488, 490, 527
regulations 412–413
UK prosecution over 336
UK regulations 336
unauthorised medicinal products 

643
unlicensed medicines 672

for individual patient use 615, 
618–619

vetting of material 672
voluntary control 412–413

Code of Practice (ABPI) 413
see also information; promotion

Advertising Standards Authority (ASA) 
677

advisors, professional, information and 
promotion 678

Advisory Board on the Registration of 
Homeopathic Products 
(ABRH) 338

Advisory Committee on Prescription 
Medicines (ACPM) 566–567

activities, and members 567
Advisory Committees 235
aerosols, preclinical safety testing 69
afl ibercept 274
age limits

for elderly in controlled trials 151
for healthy volunteers 92

age of majority/minority 352
age-related changes

pharmacokinetics 124–125
see also elderly

agreement, contractual 96
AIDS 13

investigational new drug (IND) 481
patient freedom of choice 492
see also HIV infection

albumin, binding of drugs 297
alcohol, pharmacokinetics in liver disease 

125
alert card 163
algorithms, causality (product and 

adverse event) 247
aliskiren 16
All Wales Medicines Strategy Group 

(AWMSG), economic 
evaluation 704

allergic contact dermatitis 66
alum (adjuvant) 267
Alzheimer’s disease, drug discovery 

14–16

amendments to trials 178, 178, 178
urgent 178
see also protocol of studies

Ames test 88
aminoglycoside antibiotics 119–120
amiodarone 45

atrial fi brillation 16
side effects 16

amyloid plaques 14, 15
analysis of controlled clinical trials see 

controlled clinical trials; data 
analysis

analysis of covariance (ANCOVA) 212,
212–213, 213

analytical method development 32
impurity detection 71

anastrozole 274
ANCOVA 212, 212–213, 213
androgens, prostate cancer, as target for 

therapy 274
aneugens 61
aneuploidy 61
angioedema, hereditary 16
angiotensin-converting enzyme (ACE) 

inhibitors 16
angiotensin II receptor blockers (ARBs) 

16
animal(s), use in research, three R’s 44
Animal and Scientifi c Procedures Act 

(1986 UK) 633
animal drugs, regulation 474
animal rights 44
animal species

preclinical safety testing 43, 49, 52
carcinogenicity studies 56
reproductive toxicology studies 60

species-specifi c products and effects 
67–68

biotechnology-derived products 73, 
74

pharmacokinetics 87
animal testing 42, 43, 480

Animal and Scientifi c Procedures Act 
(1986 UK) 633

breeding and supply of experimental 
animals 632–633

Committee on Safety of Drugs (CSD) 
requirement 325

cosmetic sector 633
costs 76–78, 77
ethical issues 44, 76–78, 77, 632–633
European Law 633
harmonisation 633
IND not required 480
legal control objectives 632
legal issues relating to medicinal 

products 632–633
Marketing Authorisation Application 

(MAA) 633
media coverage 633
minimisation 66, 78
non-human primates see non-human 

primates
numbers of animals 76–78, 77
pharmaceutical sector, ban status 

633
premises 632
rationale for 43
reliance, phases of clinical 

development 48
research staff 632
rodents and non-rodents 43, 49, 52

see also rodents, preclinical safety 
testing

teratogenicity 325
see also preclinical safety testing
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annual fi nancial returns (AFR), 
Pharmaceutical Price 
Regulation Scheme 711

anti-arrhythmic drugs 16
anti-infl ammatory drugs

infl ammatory bowel disease 19
metabolism 125

antibiotics 486
amendments to FD&C Act 464
IND and NDA requirements (US) 486

antibodies
antidrug see antidrug antibodies 

(ADAs)
as cancer drugs 275, 283
chimeric 133, 134
human 133, 134
humanised 133, 134
isotypes, novel adjuvants affecting 267
mouse 133
neutralising 75
structure 132–134, 133
transfer across placenta 76
vaccine immunogenicity measurement 

259
antibody response 132, 259, 260
anticancer drugs 13

see also cancer drugs/therapy
anticounterfeiting strategy

legislative framework 605–606
Prescription Drug Marketing Act 

607
public awareness 605
technology 606–607
see also counterfeit medicines

antidepressants, full development, study 
number 228

antidote, fi rst-in-human study 106
antidrug antibodies (ADAs) 74–75

cross-reactivity 138
formation 74–75
sustaining 139
three-tiered approach to detection 

138–139
antifungal drugs, development 22
antihypertensive drugs, development 9
antimalarial drugs

artesunate 602–603
counterfeit 602–603
development 21

antineoplastic drugs 13
see also cancer drugs/therapy

antioxidants 41, 69
antiretroviral drugs

counterfeit 603
see also HIV infection

antisense oligonucleotides 20
antiviral drugs, counterfeit 603
apothecaries 320
‘applications integrity (fraud) policy’ 

487–488
aptamers 20
archiving of documents 181–182
area under plasma concentration–time 

curve see AUC (time–
concentration curve)

arithmetic mean see mean (arithmetic)
aromatase inhibitors 273–274, 274
ArrayTrack software 46
arrhythmias, preclinical safety 

pharmacology 51
arsphenamine 322
artesunate, counterfeit 602–603
AS01 adjuvant 267
aseptic manufacture 38, 39–41

criteria controlled during 39–40
assay sensitivity 212

assent 300
children in clinical trials 289, 300, 352

Association of British Pharmaceutical 
Industry (ABPI)

adverse reactions in volunteer studies 
95

advertising control 336, 413
clinical trial governance 640
clinical trials indemnity, form 

764–765
Committee on Safety of Drugs 

working with 324
compensation of trial subjects 160
Guidelines

advertising, clinical trial subjects 
766

compensation of trial subjects 160
contractual arrangements 637
non-patient human volunteers 91
unlicensed medicines 619, 627

inquiry over UK Regulatory Authority 
336–337

model clinical trial agreement 639
register of phase III trials 223
voluntary control of advertising 336, 

413
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enforcement 675–676
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discovery 16

AUC (time–concentration curve) 115
bioavailability calculation 120–121
carcinogenicity studies 57
comparison, bioequivalence and 121
fi rst-in-human trials 97
preclinical safety testing 53, 73, 87
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data 180–181
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paediatric clinical trials 299
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(below)
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adverse event reporting 569, 579–580, 
581
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556

Australian National Medicines Policy 
560–561

availability of medicines 556
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ethics, governance review 579
ethics, multicentre research 579
human research ethics committee 

(HREC) 579
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application 578
approval 579
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578
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record 578

complementary medicines 585
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drug lag 557
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Good Manufacturing Practice (GMP) 

554, 557
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565
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556
review 2009 576–577
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availability to community 559
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clinical trial exemption (CTX) 557, 

558
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drug evaluation guidelines (NDF4 
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expenditure on prescription 

pharmaceuticals 560
marketing applications 561
National Medicines Policy 560–561
Offi ce of Medicines Authorisation 

(OMA) 561
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research and development (R&D) 

560
risk management 555
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Therapeutic Goods Act (1989 
Australia) 557, 558
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time-frames 558
Horvath Review 584
medical devices see medical

device(s)
medicine scheduling 555
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576
Mutual Recognition Agreement (MRA) 

565
National Health and Medical Research 

Council (NHMRC) 580
New Zealand, joint agency with 
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Trans-Tasman Mutual Recognition 

arrangement 571
non-prescription (OTC) medicines 

585
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Pharmaceutical Benefi ts Pricing 
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Pharmaceutical Benefi ts Scheme see 
Pharmaceutical Benefi ts 
Scheme (PBS)

presentation of drug products 
582–584

advertising 583–584
country of origin 583
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packaging 582–583
Standard for the Uniform 

Scheduling of Medicines and 
Poisons (SUSMP) 582

transparency 584
pricing 574–575

patient exemption 576
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arrangements 575
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Administration (TGA)
trade agreements 573–574
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unapproved therapeutic goods 581
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556

Australian National Medicines Policy 
560–561
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medical devices 555–556
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non-prescription medicines 555
prescription medicines 555

auto-immunity, vaccines inducing 263, 
267

autoinduction
drugs causing 124
fi rst-in-human trials 99
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medicines

azole derivatives 22
AZT (zidovudine) 223
aztreonam 23

B
B-Raf kinase inhibitor 11
BACE (beta-secretase) 15
bacterial endotoxins 39
bacterial reverse mutation test 62–63
bacterial tests for gene mutation 61, 88
base excision repair (BER) 277
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batch-to-batch variability, oral solid 

dosage forms 37–38
Baume Report 558
Bayes’ theorem 190, 247
Bayesian approaches, benefi t–risk 

evaluation 249
Bayh–Dole Act 23
BCR-ABL gene 275, 276

imatinib resistance and 277–278
T3151 mutation 278
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Belmont Report 291
benefi cence 286
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defi nition 299
of health care 697–698

benefi t : risk ratio 235
dosage selection for controlled trials 

150
see also risk-benefi t

benoxaprofen (Opren) 235, 332, 334, 
334

‘best interests’ principle 289, 290
Best Pharmaceuticals for Children Act 

(2002 US) 228, 437, 469–470
Best Pharmaceuticals for Children Act 
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beta-amyloid 14, 15
beta-blockers, development 9
beta-secretase (BACE) 15
‘Better Regulation for Europe’ initiative 

438
bevacizumab 274, 505
bias

due diligence and 307
fi nancial disclosures and 172
in interim analysis 216
in meta-analyses 215–216

reducing 215
prevention 206–212
publication 215
reducing by blinding 146, 206, 208
reducing by randomisation 143–144, 

206, 207
selection bias 215, 768

bile, drug secretion into 116
bilirubin 297
binary data 191

endpoint, defi ning 204–205
binding affi nity, monoclonals and target 

ligands 134, 136, 136
bioavailability 116–118, 120–121
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calculation 118, 120–121

intravenous dose for 120
defi nition and concepts 117, 117, 120
determination in fi rst-in-human trials 

97, 99
FDA classifi cation 122
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biocomparable drugs see biosimilars
bioequivalence 121–122, 164, 520, 575

factors in deciding need for study 122
testing 121–122

biogeneric product 379–380
bioinequivalence 122
bioinformatics 46
biological drugs/biologicals 82, 132–142

Australia, regulations 555, 586
chemical molecules vs 134, 135,

136–138
clearance 137, 139
controlled trials, dosing frequency 151
drug development

evaluation and approval process 
(US) 502–507

history 132–134
fi rst-in-human studies

adverse effects see TGN1412 (CD28 
antibody)

dose selection 139–140, 140
risk factors 107, 107
on volunteers vs patients 92
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227

generic bioequivalence 122
generic drugs 493
‘generic’/similar products see 

biosimilars
genotoxicity testing 62
immunogenicity see immunogenicity
licence application 493
manufacturing 493
medical marketing 656
monoclonals see monoclonal

antibodies
non-clinical safety studies 73, 75
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involved 220
preclinical safety testing 73–76

animal species used 73–74
carcinogenicity testing 76
cytokine release syndrome 67–68, 

75
duration and dose 74
genotoxicity testing 62, 74
human vs animals, differences 73, 

74
predictive potential (for humans) 

75
reproductive toxicology studies 

75–76
tissue cross-reactive study 74

protein-derived products 74
regulation 493–494

Australian 555, 586
therapeutic proteins see protein 

therapeutic agent
see also biosimilars

biological evaluation of medical devices, 
standards 425

Biological Licence Application (BLA), 
general considerations 512–516

biological markers see biomarkers
Biological Products Act (1902 US) 464, 

502
biological research, for drug discovery 3
biological samples, transport, regulation 

169–170
biological therapeutics see biological 

drugs/biologicals
biological variability, natural 198
biologicals see biological drugs/

biologicals
Biologics Act (Biological Products Act) 

464, 502
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biologics licence 493
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US) 471, 493–494, 746

biologics review 494
biomarkers 42, 148, 192–193, 522

defi nition 148
development, imaging and 100
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imaging 100, 148
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‘omic’ technologies providing 45
patient selection for cancer drug trials 

283
pharmacodynamic, fi rst-in-human 

trials 100–102, 101
limitations 100
value/benefi ts 100

pharmacogenomic 522
predicting cancer drug benefi t 276, 

281
for renal toxicity 46
as surrogate endpoints see surrogate 

endpoints
for toxicities 42, 45
types 148

Biomedical Advanced Research and 
Development Authority 
532

biopharmaceuticals
medical marketing 656
see also biological drugs/biologicals

Biopharmaceutics Classifi cation System 
(BCS) 36

biophysical techniques, in fragment-
based drug discovery 11

biosimilars 367, 494, 521, 744–750
Biologics Price Competition and 

Innovation Act (2009 US) 471, 
493–494, 746

clinical trials 749
defi nition 744
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epoetin alpha 745
European Medicines Agency (EMA) 

745, 746
market 745
pharmacodynamic measures 

745
updated EMA guideline 746

FDA Safety and Innovation Act (2012 
US) 471
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global sales fi gures 744
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Japan 747
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Mexico 748
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life cycle plans 749
manufacturing 746
market exclusivity 494
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pharmaceutical market 732
pricing 749
recombinant DNA technology 744
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epoetin alpha 745
FDA guidelines 471, 746

Biosimilars Act (2009 US) 493–494
biotechnology

areas comprising 525
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medical marketing 656
role in pharmaceutical industry 

525
biotechnology-derived products see 

biological drugs/biologicals
biotechnology products

genotoxicity testing 62
see also biological drugs/biologicals

‘biowaiver’ 36, 122
bisphosphonates, side effects 18
bizarre adverse reactions (type B) 174, 

246
black triangle scheme 330, 332
blinding (clinical trials) 146–147, 

208–209
bias reduction 146, 206, 208
breaking, reasons 147

see also unblinding
double-blind trials 146, 209
emergency unblinding 166–167
fi rst-in-human trials 104
levels 146, 209
purpose 208–209
single-blind trials 146, 209
unblinded individuals, reasons 146

blockbuster drugs 520, 530, 594
blood glucose

confi dence intervals 197, 198
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statistics 194, 194
interquartile range 196, 196
population mean 197
sampling distribution 196, 196–197
surrogate endpoint in diabetes 109

blood pressure, distribution of changes 
191, 192

blood samples, transport, regulation 
169–170

blood sampling, pharmacokinetics in 
paediatric trials 301

blue box, Marketing Authorisation 
Application (MAA) 391

boceprevir 12
body composition, children/neonates 

297
Bolam test, product liability issues, 

unlicensed medicines 624, 625, 
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bone remodelling (formation/
reabsorption) 18

Bonferonni correction 202
bortezomib 275
Bradford Hill, Sir Austin 200
bradykinin, control 16
brand loyalty 594
branding, drugs 594, 653
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brand premiums 575
branded generics 732
medical marketing 664

BRCA1, BRCA2 gene 272, 277
breaches of protocol see under protocol 
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breakthrough therapy drugs, New Drug 

Application (NDA) 483
breast cancer

BRCA1, BRCA2 genes 272, 277
HER2-positive 275, 278
oestrogen receptor antagonists in 

273–274
probability example and 190
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product approval, regulatory processes 

for 739
see also emerging markets

Brighton Collaboration 263, 264
British Medical Association (BMA), 
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British National Formulary (BNF)
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Joint Formulary Committee (JFC) 724
new style BNF 723–724
unlicensed medicines 627
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(BNF-C), unlicensed medicines 
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British Pharmacological Society, adverse 
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95

British Pharmacopoeia (BP), unlicensed 
medicines 610
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(BPC) 338

bromocriptine 17
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budgets, for clinical trials 171–172
buffers, for parenterals 40–41

C
calcium channel blocker 16
Canada

compulsory economic evaluation 
701–703

CTD impact 453
Mutual Recognition Agreement 565

cancer
adjuvant therapy 271, 283
biology 272–273
drug resistance mechanisms 277–279
as genetic disease 272
hallmarks 272
metastatic 270
‘novel’ therapies 272
palliative therapy 270, 271
pathogenic mechanisms 272–273, 273
secondary, development 49
signalling 272–273, 278
systemic therapy, roles 270–271
therapeutic vaccines for 268–269
see also tumour(s)

cancer drugs/therapy 270–285, 525
accelerated approval 282–283
adjuvant therapy 271, 283
antibody-based 275, 283
biomarkers for patient selection 281, 

283
biomarkers predicting benefi t 276, 

281, 283
biomarkers predicting toxicity 277
clinical trials 279–281

endpoints 281, 282
improving success (phase III) 

281–282
patient selection approach 281, 282, 

283
phase I trials 279–280
phase II trials see phase II studies
phase III trials 281

combinations 283
concurrent or sequential 271
costs 283
counterfeit 603
current issues 281–283
delivery and accumulation 279
discovery 279
dose 279
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future perspectives 283
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ligands as target 273, 273–274
likelihood of effi cacy 280
maximum tolerated dose (MTD) 271, 

279
NME approved 6, 7, 8
number of drugs under development 

220
pharmacogenetics/pharmacogenomics 

276–277
preclinical testing 73, 279
rationally designed 273–276
receptors targeted 273, 274–275

EGFR 274–275
VEGFR 274

regulation of development 282–283
resistance to, mechanisms 277–279, 

283
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secondary cancer development 

49
targeted therapies 271–272, 273, 276,

283
toxicity prediction 277
see also cytotoxic drugs

candidate selection (in drug 
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microdosing basis 99
pharmacokinetics in FIH studies 99

capability see competence (capability)
capsaicin 22
capsules 33, 38
carbamazepine, genomic diagnostic 

testing 523
carbon, radioactive 126
carcinogen(s) 272

genotoxic see genotoxic carcinogens
non-genotoxic 42, 56

carcinogenicity 55
biologicals 76
effect masked by toxicity 58
non-genotoxic mechanisms 42, 56
short-term genotoxicity tests as pre-
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carcinogenicity studies 55–58, 78
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administration route 56–57, 68
animal group sizes 55, 56, 57
autopsy and microscopic examination 

58
conduct 57
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duration 55, 57–58
function/aim 55
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vivo tests 56
requirements for (EU) 55–56
result evaluation 58
sex of animals 58
statistics 58
timing of 55, 56

carcinoma 55
Cardiac Arrhythmia Suppression Trial 

(CAST) 149
cardiac arrhythmias, preclinical safety 

pharmacology 51
cardiovascular disease, drug discovery 

16–17
cardiovascular system, safety 

pharmacology core battery 51
Care Quality Commission, supply of 

unlicensed medicines for 
individual patient 623

carryover treatment/period 209

case defi nitions, adverse events, vaccines 
263, 264

case law 310
case report(s), volume, signal 

management 247
case report form (CRF) 162, 231

data to be recorded in 158
database design based on 180
electronic 169
errors, reporting 173
guidance notes 162
monitor’s role 173
paper back-up copy 169
quality control (QC) 162
requirements 162
review 162

causality (adverse events)
assessment and algorithms 175, 

246–247
degrees of certainty 175
factors to consider 247

establishing 174–175
methods to assess/judge 247
see also signal detection

Cayston 23
CD4+ Th cells

count, as surrogate endpoint 193
in HIV infection 13

CD11a 137
CD20

antibodies to 275
ocrelizumab targeting 14

CD28 antibody see TGN1412 (CD28 
antibody)

CDD-0102A 15
CE marking

manufacturer declaration 426
medical devices 418, 424–425, 426, 

428
cediranib 274
cell lines, chromosomal aberration assays 

63
cell-mediated immunity 259, 260

immunogenicity of biologicals 75
see also immune response; T 

lymphocytes
cell surface receptors, monoclonal 

antibodies against 137–138
Center for Biologics Evaluation and 

Research (CBER) 463, 464, 
494, 503

Center for Drug Evaluation and Research 
(CDER) 237, 463, 494, 501
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central laboratories 169

advantages/drawbacks 169
Central Management Committee (CMC), 

medical devices 421
central nervous system (CNS)

drugs, tolerance 108
preclinical safety pharmacology studies 

51
therapeutic area, drug discovery 13–14

Central Offi ce for Research Ethics 
Committees (COREC) 170

Central Social Insurance Medical Council 
539

central tendency, measures 192, 194–195
centralised applications

EU see EU procedures
MAA see Marketing Authorisation 

Application (MAA)
Certifi cate of Pharmaceutical Product 

(CPP)
emerging markets 739
requirements 739

certolizumab pegol 20
cetuximab 275, 278
cevimeline 15
challenge stimuli, safety assessment 88, 

89
chelating agents 41
chemical carcinogens 272
chemical intermediates, genotoxicity 

testing 62
chemical ‘tags,’ inert 10
chief investigator, ethics committee 

application 170
child resistant packaging 582–583
Child–Pugh classifi cation 125, 152
children

absorption of drugs 297
Best Pharmaceuticals for Children Act 

(2002 US) 228, 437, 469–470
BNF for 622
body composition and drug 

distribution 297
clinical trial subjects 351–352, 353
consent 289, 291

see also assent
demography and 435
developmental pharmacokinetics 297
dosages 297, 435
elimination of drugs 297–298
ethics of research in 289, 291, 298
EU Clinical Trials Directive 352

see also EU Clinical Trials Directive
healthy, as volunteers in trials 301

exclusion 352
indication expansion 594
legal representation 352
metabolism of drugs 297
off label drugs see off label drugs
phase I studies of vaccines 260
phase III studies 228
physiology, special paediatric 435, 

437
regulation of drugs (EU) see paediatric 

Regulation (EU)
unlicensed medicines, use of 622–623
vaccines 255
see also minors; paediatric drug 

development; paediatric 
Regulation (EU)

chimeric antibodies 133, 134
China, emerging markets 732
chloramphenicol 295, 297
chlormadinone 331
chloroform 322, 327
CHMP guidelines see Committee for 

Medicinal Products for Human 
Use (CHMP)

choice, patient freedom of 492
cholestasis 125–126
cholesterol-lowering drugs see statins
choline fenofi brate 16
cholinergic neurones, loss, in Alzheimer’s 

disease 14
chromosomal aberrations

assays for 63
cytogenetic test 62
numerical 61
structural 61

chromosomal mutations 61
chronic disease, phase III studies 229
chronic myeloid leukaemia (CML) 278
chronic obstructive pulmonary disease 

(COPD), drug discovery 17
chronic toxicity 88
cimetidine 122
cirrhosis, advanced decompensated 125
cisplatin 270
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clearance of drugs 115–116
calculation 118
changes with dose 116, 117
concentration-dependent 116
as constant 116, 117
defi nitions and concepts 116
hepatic 116, 119, 125
of protein therapeutic agent 139
renal see renal clearance
total 115–116
units and range for values 116
see also elimination of drugs

clevipidene 16
clinical commissioning groups (CCGs) 

726, 738
Clinical Data Interchange Standards 

Consortium (CDISC) 180
clinical development plan see full

development (FD), plan details
clinical endpoints 100, 147–149, 

191–193, 221
for binary data 204–205
choice, selection 204–205
defi nition and examples 148
responder rate 191–192
substitute/surrogate see surrogate 

endpoints
surrogate endpoint not predictive of 

149
see also primary endpoints; secondary 

endpoints
‘clinical hold,’ investigational new drug 

(IND) 509
clinical investigation, medical devices 

429–430
Class IIa and IIb 430
Class III devices 430
criteria for investigation 429
methodology 429–430
purpose 429

clinical investigators see investigator(s)
clinical investigator’s brochure 89–90

see also investigator’s brochure (IB)
clinical laboratories

before starting a trial 169–170
see also laboratories

clinical need for drugs 627
clinical outcome studies 226
clinical pharmacokinetics 113–131

importance in regulatory submissions 
113

package 128–129, 129
regulatory submission 129
see also pharmacokinetics

clinical record form see case report form 
(CRF)

clinical relevant difference (CRD) 200, 
214

clinical report (of trial results) 231–232
preparation 182–183
publication 183

clinical research
compensation see compensation
contractual agreement see contractual 

arrangements (in clinical 
research)

outsourcing activities 526
paediatric, categories approvable 

300
clinical superiority, defi nition 366
clinical trial(s) 47–48, 48, 143–154, 443, 

445
acronyms, and implications 289
adverse drug reaction 243, 350–351

see also adverse drug reaction 
(ADR)

adverse events 350–351
see also adverse events; serious 

adverse events (SAEs)
advertising for trial subjects, ABPI 

guideline 766
agreements 755–770

industry sponsored research in NHS 
Trusts see under NHS Trusts

modifi cations to 762
see also clinical trial agreement; 

contractual arrangements (in 
clinical research)

application for 349, 353, 403–404
time frames 350

application form 353
approvals (getting)

additional 171
ethics committee 170–171
regulatory 171

Australian regulations see under 
Australia, regulation of 
therapeutic products

authorisation for see clinical trial 
authorisation (CTA)

biosimilars 749
budgets and contracts 171–172

see also contractual arrangements 
(in clinical research)

cancer drugs see cancer drugs/therapy
in children/infants see paediatric drug 

development
clinical report preparation see clinical

report
close-out visit 182
commencement 777–778
Committee on Safety of Drugs (CSD) 

and 324–325
Committee on Safety of Medicines 

requirements 325
compensation see compensation (for 

clinical trials)
computer systems for 179
conduct 155–188, 328–329, 778
conduct before starting 167–168

investigator selection see 
investigator(s)

pre-trial visit 167–168
preparations 168
technical considerations 168–172

conduct during trials 172–182
abnormal laboratory fi ndings 178
adverse events/reactions see adverse 

drug reaction (ADR); adverse 
events

amendments 178, 178, 178
data collection 172–173
independent data-monitoring 

committee 173
laboratory error 177
laboratory safety data 176–177
monitoring visits 173
pharmacovigilance 176
protocol amendments 178
recruitment of subjects see 

recruitment
reporting requirements 178–179

conduct at trial end 181–182
confi dentiality see confi dentiality
consent see informed consent
contract research see contract research 

organisations (CROs)
contractual arrangements see 

contractual arrangements (in 
clinical research)

control group see control groups
control in UK 328–329

controlled see controlled clinical trials
coordinator, role 184
data management see data

management
databases see database(s)
Declaration of Helsinki 1996 634

see also Declaration of Helsinki
defi nition 200, 349
design see controlled clinical trials, 

design
directives see EU Directives
documentation see documentation for 

clinical trials
doses see dose
Drug Effi cacy Study Implementation 

(DESI) programme 502
emerging markets 729, 737

treatment of naïve patients 729
end of trial 181–182
ethics see ethical issues/ethics
ethics committees and 292
EU Directives see EU Directives
EU legislation 354

revision 358
see also EU Clinical Trials Directive 

(2001/20/EC)
exchange of information 778–779
exemption (CTX) 329, 578–579
explanatory/pragmatic 202–205
explanatory vs pragmatic trials 203
fraud and misconduct 184–186, 185
global, patient volume by country 

736
global harmonisation 156
Good Clinical Practice (GCP) 354, 

580, 730, 771–782
International Conference on 

Harmonisation (ICH) 634, 756
see also Good Clinical Practice 

(GCP)
Good Manufacturing Practice (GMP) 

353, 354, 780
see also Good Manufacturing 

Practice (GMP)
governance, NHS trusts, industry 

sponsored research 756–757
guidelines 353–354, 757–770

application 353
see also NHS Trusts, pharmaceutical 

industry sponsored research
harmonisation 403, 772
history 143–144
Human Research Ethics Committee 

(HREC) 579
IMPs and documentation see 

investigational medicinal 
product(s) (IMPs)

indemnity, ABPI form 764–765
infringement 350
inspections 182, 356

Good Clinical Practice (GCP) 353–
354, 356, 357, 357

guidelines 353–354
number per year 357

inspectors 356
investigational new drug (IND) 480, 

482
investigative medicinal products 353, 

779–780
Japan see Japan
labelling 780
large

monitored release of drug 331
see also phase III studies

legal issues see legal issues; specifi c 
legislation
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Marketing Authorisation Application 
(MAA) 355–356

minors 775–776
see also paediatric drug development

monitored release 331
monitoring, guidelines 353
multicentre clinical trial see multi-site/

multicentre trials
multinational cooperative clinical trial 

(MCCT) 548, 549
non-interventional studies 403
notifi cation see clinical trial 

notifi cation (CTN)
nurse, role 184
objectives 144, 144–145, 146, 200–202
paediatric see paediatric drug 

development
Pharmaceuticals and Medical Devices 

Agency (PMDA) 539
pharmacovigilance 176, 353
phase I see phase I studies
phase II see phase II studies
phase III see phase III studies
phases 48
pivotal 225, 227
post-authorisation 226, 404
premature termination 171–172

see also stopping
prioritisation 233
quality control/assurance see quality 

assurance (QA); quality control 
(QC)

quality management 183–186
see also quality assurance (QA); 

quality control (QC)
randomised controlled see randomised 

clinical trials (RCTs)
recruitment see recruitment 

(for trials)
regulatory inspections and QA audits 

182
reliance on animal toxicity data 48
special populations 151–152, 226
sponsor see sponsor(s)
supplies for, full development plan 

229–230
SUSARs see suspected unexpected 

serious adverse reactions 
(SUSARs)

suspension 350, 779
therapeutic vaccines 268
transparency 445
uncontrolled 145
vaccines see vaccine(s)
Voluntary Harmonised Procedure 

357
vulnerable subjects see vulnerable 

subjects
clinical trial agreement

breaches of 641
clinical trial governance 640
confi dentiality 641, 759
dispute resolution 762
fi nancial arrangements 761
force majeure 762
freedom of information 641
indemnity provision 641, 758
intellectual property 642, 760
investigational medicinal product 

(IMP) supply/disposal 640
limitations of liability 640
model (mCTA) 640, 641
modifi cation 762
parties to CTA 640, 762

obligations 640, 757
party negotiation 640–641

term and early termination 641, 
761–762

third parties’ rights 762
publication 760
publicity 760
waiver 762
see also contractual arrangements (in 

clinical research)
clinical trial authorisation (CTA) 349

amendments 178
application and time frame 171, 

403–404
non-interventional studies 403

EU requirement for, under Directive 
329

request for 90–91
Clinical Trial Certifi cate (CTC) 327, 

328–329
exemption 329

clinical trial coordinator, role 184
clinical trial notifi cation (CTN) 578

application 578
Australian regulation 558
Japan, rates in 548
notifi cation fee 578
record 578

Clinical Trials Directive see EU Clinical 
Trials Directive (2001/20/EC)

Clinical Trials Facilitation Group (CTFG) 
356–357

functions 356–357
Voluntary Harmonised Procedure 357

close-out visit 182
Cmax (maximum plasma concentration) 

114–115
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development

phases 47–48, 48, 507
plans see under full development (FD)
problems, prediction by BCS 

classifi cation 36
process 4, 46–47, 47
resources, effective use 224
success rates 224
targets see therapeutic targets
termination at phase II studies 221
see also pharmaceutical development

drug–device combinations 422–423
borderline 422

drug discovery 3–31
2008–2011 4–9, 5–8
academic collaboration with industry 

5, 9, 23–24
cancer drugs 279
candidate selection see candidate 

selection
combinatorial chemistry impact see 

combinatorial chemistry
computational methods 10, 24
examples 11–20

Alzheimer’s disease 14–16
cardiovascular disease 16–17
chronic obstructive pulmonary 

disease 17
CNS disorders 13–14
diabetes 17–18
gastrointestinal diseases 19–20
hepatitis C 11–12
HIV 12–13
multiple sclerosis 13–14
osteoporosis 18–19

fragment-based see fragment-based 
drug discovery (FBDD)

funding for 23
high-throughput screening (HTS) 3, 9

limitations/constraints 3
mode of action 9
natural products 22
neglected tropical diseases 21–22, 23
new drugs marketed (2008–2011) 4–9, 

5–8
number per annum 4
oligonucleotide-based see 

oligonucleotide-based 
therapeutics

orphan diseases 21, 23
paradigm changes 9
pipeline/process 4
pluripotent stem cells use 46
process 3, 4
recent strategies to improve success 22
time required and costs 4

drug distribution see distribution of 
drugs

Drug Effi cacy Study Implementation 
Programme (DESI) 479, 502

Drug Export Amendments Act (1986 US) 
466

‘Drug Facts’ box 476
‘drug holiday’ 57
drug interactions (adverse) 122–124

co-prescribed drugs 123
‘cocktail’ approach 124
drug classes with 122–123
enzyme induction/inhibition 123–124
fi rst alert 325
fi rst-in-human studies 109
full development plan 228–229
in vitro screen 123–124
preclinical safety pharmacology studies 

52
protein binding 124
selection of studies, questions to ask 

122–123
single-dose studies 123
study designs 123

drug lag
Australia 557
Japan 552
US drug development process 

503–504
Drug Listing Act (1983 US) 465
drug pipeline, expansion 220
Drug Price Competition and Patent Term 

Restoration Act (1984 US) 
465–466, 520

drug regulations 333
adverse drug reaction (ADR) see 

adverse drug reaction (ADR); 
Yellow Card scheme

animal testing 325
Australia see Australia, regulation of 

therapeutic products
cancer drug development 282–283
Commission on Human Medicines 

(CHM) 339–340
Committee on Dental and Surgical 

Materials (CDSM) 328
Committee on Medicinal Products for 

Human Use (CHMP) 343
Committee on Review of Medicines 

(CRM) 328
Committee on Safety of Medicines 

(CSM) 327–328
Common Technical Document (CTD) 

344
European dimensions 341–343
expert advisory groups (EAGs) 340
general sales list (GSL) 326–327
history see history
increased, cost increase 222
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international dimensions 343–344
Japan see Japan
Licensing Authority (LA) 326
manufacturers 324
Medical Research Council (MRC) 

Salvarsan Committee 322
Medicines Act (1968 UK) 325–326
Medicines and Healthcare products 

Regulatory Agency (MHRA) 
337–341

Medicines Commission 326–327
Medicines Division 336–337
monitored release 331
pharmacovigilance 344
prescription only medicines (POM) 

326–327
see also prescription drugs

Safety of Drugs (CSD), Committee on 
324–325

teratogenicity testing 325
thalidomide 323
UK, history see UK drug regulations
unlicensed medicines 610–631
US see Food and Drug Administration 

(FDA); US
voluntary controls, UK (1963–1971) 

323–330
see also prescription drugs; specifi c 

regulations/regulatory bodies
drug-related events, types 246
drug repurposing 5, 22–23

costs 22
number of drugs 22
for orphan diseases 21
process and reasons 22

drug safety
Australian regulations 580
authorised medicinal products 642
Food and Drug Administration (FDA) 

505–506
history (UK) 321–322
increasing costs of drug development 

524
media perceptions 528
public perceptions 527–529
Safety Oversight Board 506
see also safety

drug substances
requirements for administration to 

humans 88, 88
water interaction 36

drug targets see therapeutic targets
Drug Tariff

reference pricing and 717
unlicensed medicines 621

drug utilisation controls 531
drug withdrawal (from market)

1962–1970 (list of drugs) 330–331
1971–1982 (list of drugs) 333
arrhythmias causing 51
benoxaprofen 235, 332, 334, 334
under Committee on Safety of Drugs 

(CSD) 330–331
increased, by FDA 223

drug withdrawal (withdrawal syndrome) 
72, 333

reactions/symptoms 72
drugability 82
Drugs for Neglected Diseases Initiative 

742
dry granulation, oral solid dosage forms 

38
due diligence 306–315

areas requiring 309, 309
by buyer 306, 307
checklists 309

costs 313
deal term sheet 307, 308, 313
defi nition 306
documents for review 309
fi nal report 308

commercial review 311
due diligence summary 310–311
executive summary 310
format 310
pharmacogenomic data 312
product assessment 311
product leafl et and labelling 312
product relevance to clinical setting 

312
regulatory review 311
safety and risk assessment 312
writing and assembling 310–312

in life science transactions 312–313
as ongoing review process 308
patentability and patent protection 

309–310
pharmaceutical physician role 306, 

307–308, 313
in private equity 312–313
process 307, 308–310
product portfolio 307
project leader 309
risk–benefi t 306, 310
scope 308, 309
by seller (vendor) 306, 307
team undertaking 307, 308
time-frame 307, 308
variability in 307

duplication of studies 228
duration of treatment, full development 

plan and 229
Durham–Humphrey Amendment (1951 

US) 395, 464–465, 474
duty of care

breach, negligence 651
compensation liability (clinical trials) 

and 651
health care professional 622, 624
marketing authorisation holder 404
unlicensed medicines and 622

dynamic randomisation 207–208

E
E-1224 22
e-marketing 660, 663

medical information 664
see also marketing

Early Access to Medicines Scheme, 
unlicensed medicines 623–624

EC Directives see EU Directives
EC Regulations see EU Regulations
ecallantide 16
economic evaluation

in Canada 701–703
Common Drug Review (CDR) 

702–703
formulary 702

compulsory 701–704
Canada 701–703
UK 703–704

cost-effectiveness ratio interpretation 
700–701

incremental cost-effectiveness 700,
701

evaluating economic analyses 698–700
checklists 698, 698–700
comparators 698–699
differential timing 699
discounting 699
incremental analysis 699
placebo 698

published research 698
resource dictionaries 699
sensitivity analyses 699
validity 699–700

measuring benefi ts 697–698
cost identifi cation 697
health system items 697
patient and family, costs to 697
social services items 697
societal perspective, resource items 

697–698
measuring drug ‘value’ 694–701

pharmaco-economic analyses 
694–695

quality-adjusted life-years (QALYs) 
696–697

types of analyses 695–697
cost–benefi t analysis (CBA) 696
cost–consequence analysis (CCA) 

695
cost-effectiveness analysis (CEA) 

695–696
cost-minimisation analysis 696
cost–utility analysis (CUA) 696–697

in UK 703–704
All Wales Medicines Strategy Group 

(AWMSG) 704
National Institute of Clinical 

Excellence (NICE) 703–704
Scottish Medicines Consortium 

(SMC) 704
technology appraisals 703–704

economic incentive see incentives
economics of health care 692–706, 702

health expenditure as % of GDP 694,
724

per capita 695
NHS see National Health Service 

(NHS), economics
resources, identifi cation, inclusion and 

exclusion 699
see also cost(s)

EDTA (ethylene diamine tetra acetic 
acid) 41

EEC Regulations
paediatric 373–374
see also EU Regulations

efalizumab 137
effi cacy model, medical marketing 

667–668
effi cacy of drugs

Committee on Safety of Drugs 
requirement 324–325

likelihood, cancer drugs 280
effi cacy–time profi le 119
elderly 124–125

controlled trial design for 151
eligibility criteria for trials 151
exploratory development studies 

108–109
drug interactions 109

in full development plan 228
mild renal impairment 151, 152
‘older’ 228
pharmacokinetics 124–125, 128
vaccine phase II studies 262

electrocardiography (ECG)
normal variant 91
preclinical safety pharmacology core 

battery 51
electromagnetic compatibility (EMC) 

Directive 419, 420
electronic case report form (eCRF) 169
electronic data capture (EDC) 169, 232
electronic data communication, 

promotion, methods 681
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electronic subject diaries 169
electroporation 268
Elements to Assure Safe Use (ETASU) 

251
elimination of drugs 114, 115, 125

children/neonates 297–298
in fi rst-in-human trials 97
radiolabelled drugs 126
in renal impairment 152
see also clearance of drugs

eltrombopag 21
EMA see European Medicines Agency 

(EMA)
embryo-fetal toxicity see reproductive 

toxicology studies
EMC Directive, electromagnetic 

compatibility 419, 420
emergency unblinding 166–167
emerging markets, pharmaceutical 

medicine in 728–743
cancer drug costs 283
clinical trials in 729, 733, 734, 736

reason for, treatment-naïve patients 
729, 733

volume 736
commercialisation of medicines 

740–741
ethics 741
price control mechanisms 740
special strategies 740–741

counterfeit medicines case study 
602–603

defi nition 730
diseases of developing world, drug 

development 729, 741–742
see also diseases of developing world

drug expenditure 730, 732
emerging market classifi cation 730
fi nancial status 661
future, R&D re-engineering 740, 

742–743
models 742

impact of emerging markets 732
factors responsible 728–730
pharmaceutical market changes 728
R&D, decline in productivity 

728–729
intellectual property 734–735

TRIPS and 734–735
investment 729
late clinical development 735–739

access to patient populations 737
capabilities 737
communication 738
compliance 738
control groups 738
economics 737
emerging markets, needs of 737, 

737
Good Clinical Practice (GCP) 730, 

738
health care strategy 738
ICH 738
informed consent 738
personnel 737
sponsors 738
trial density 737

market access 730
market research 661
marketing, unmet medical needs 

657
outsourcing 526
personnel, training 729, 743
pharmaceutical market in 730–732

epidemiology and disease burden 
and 733

long-term growth forecasts 731,
731–732

market dynamics/trends 732
market growth rates 731, 731
multinational companies 733, 734

pharmaceutical medicine, changing 
patterns 733–735

global clinical trials 733
intellectual property 734–735

pharmerging markets 730
growth dynamics 731
redefi nition 731

regulations 729, 730, 738–740
BRIC countries 729
Certifi cate of Pharmaceutical 

Product (CPP) 739
International Conference on 

Harmonisation (ICH) 740
strategic marketing 657

end-of-use adverse reactions (type E) 
174

endpoints
vaccine phase II studies 261
see also clinical endpoints; surrogate 

endpoints
enforced price reductions 718
environmental factors, drug interactions 

124
enzyme induction, drug interactions 

123–124
enzyme inhibition, drug interactions 

123–124
epidermal growth factor receptor (EGFR) 

272
cancer drugs targeting 274–275
gene mutations 276–277, 281

T790M 278
inhibition 275, 278

resistance, molecular markers 278
resistance, mutation acquisition 278

upregulation of signalling, lung cancer 
and 276–277

epigenetic agents 55
epitopes

FcRn receptor binding 133–134
monoclonal antibodies 132–133

epoetin alpha 745
equivalence 211
equivalence boundary 211
equivalence margin (Δ) 146, 152
equivalence studies 211–212

statistical and clinical signifi cance, 
relationship 211, 211

see also non-inferiority trials
ErbB receptor family 272, 274

second generation inhibitors 278
erectile dysfunction 3–4
erlotinib 275, 276, 277, 278
Escherichia coli, reverse mutation assay 

62–63
‘essential similarity’ concept 122
Ethical Considerations for clinical trials 

performed in children (2006, 
EC) 296

ethical issues/ethics
animal testing 44, 76–78, 77, 632–633
biomedical research 286–294

adults unable to give consent 161, 
290, 291

children in research 289, 291, 298, 
444–445

collective 208
ethics committees see ethics

committees (ECs)
history 287–288
individual 208

informed consent see informed 
consent

key principle (protecting patients) 
209

principles 286, 299
risk assessment 292
vaccination 265
vaccine phase II studies 261
vaccinology 265–266

clinical trials 633–635, 730
Australia, multicentre research 579
children see paediatric clinical trials 

(below)
company-sponsored research 

634–635
ethics committees 350, 634, 757, 

776–777
EU Clinical Trials Directive 636, 

771–782
global 728, 733, 734, 736
Good Clinical Practice (GCP) 

634
Good Manufacturing Practice 

(GMP) 634
governance review 579
Human Research Ethics Committee 

(HREC) 579
intellectual property 641
National Ethics Application Form 

(NEAF)/NEAF2 580
protocol 640
time frame 350
trial density 737
unlicensed medicines, use of 623
withholding treatment in 208

confi dentiality see confi dentiality
consent see consent; informed consent
Declaration of Helsinki see Declaration 

of Helsinki
fi nancial issues of studies 291–292
paediatric clinical trials 298–301, 353, 

444–445
clinical research categories 300
consent and assent 289, 291, 300
international trials 300
principles 299
risk–benefi t assessment 298–299, 

299
safety monitoring 301
trial design/methodology 300–301

patient as own control 209
pharmaceutical industry, distrust 527
randomisation 208
relating to medicinal products 

633–635
SAMM studies 769
withholding treatment in trials 208

ethical research 286
ethics committees (ECs) 290–292

application to 170–171, 350
meeting and notifi cation of approval 

170
approval 171

of diary cards 163
documentation of protocol changes 

after 160
needed, protocol preparation 158

clinical trial conduct 292, 634
considerations for trials 350
documentation 292
establishment 290–291, 350
ethical issues 291
in EU 171, 444
fi nances 291–292
independent (IEC), fi rst-in-human 

trial 90
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Informed Consent Form (ICF) 
requirements 160

NHS, standard operating procedures 
164

paediatric drug trials 299, 300, 301
paediatric expertise 353
paediatric research 445
reporting of serious adverse events 

176
responsibilities 291
time-frame for application 

examination 350
in UK 291
in USA 171

ethics review, fi rst-in-human trials 90
etravirine 13
EU (European Union)

EMA see European Medicines Agency 
(EMA)

EMEA, structure 364–365
ethics committees 171
expansion 343
harmonisation 360

data protection 367
before January 1995 362–364
from January 1995 to May 2004 

364–366
history 361
juvenile toxicity studies 60
liver toxicity detection approach 70
paediatric clinical trials 369
paediatric regulations 289, 296, 388
pharmaceutical legislation see EU

pharmaceutical legislation
phase III studies 229
preclinical safety testing guidelines 

50
procedures, human medical products 

379–417
Reference Member State, UK as 

337
referrals to CHMP see Committee for 

Medicinal Products for Human 
Use (CHMP)

Single European Act 361
Treaty of Lisbon 361
Treaty of the European Union 

(Maastricht) 361
EU Clinical Trials Directive (2001/20/EC) 

88–89, 155, 156–157, 222, 
347–359, 366, 771–782

2012 revision 157
adverse event reporting 350–351
application for 349, 403
authorisation for 349
children in trials 296, 351–352, 353, 

369
defi nition 352
legal representation 352

clinical trial defi nition 349
Clinical Trials Facilitation Group 

(CTFG) 356–357
commencement 777–778
conduct 778
confi dentiality 636
consent 635, 772, 775–776
content 341, 348–351
databases 355

see also database(s)
defi nitions 349, 773–775
direct benefi ts for minors 352
ethics committees 291, 776–777

time frame 350
EudraCT number to be obtained 

349
exchange of information 778–779

Good Clinical Practice (GCP) 348, 
351, 354, 635, 773

see also Good Clinical Practice 
(GCP)

guidance associated 222
harmonisation 403
history 347–348
infringement 350
inspections, GCP and 353–354, 356, 

357, 357
international harmonisation and 221, 

320, 634
investigational medicinal products 

(IMPs) 164, 349, 779–780
labelling 780
legislation 354
manufacturing for trials 351

Good Manufacturing Practice 349, 
353, 354, 780

Marketing Authorisation Application 
(MAA) 348

minors 775–776
monitoring 353
non-interventional studies 403
paediatric regulations in 296, 369
person seeking consent 290
pharmacovigilance 353
protocol amendments 178

time limit for 178
purpose 347
regulatory approval for trial 171
requirements for investigational 

medicinal products 164
requirements for trial initiation 349
revisions 358
scope and content 341, 348–351
sponsor 349
subjects, protection 775
suspected unexpected serious adverse 

reactions (SUSARs) 351
suspension 350
time limits 350
trial phases covered by 347
trials covered by 156, 157, 347, 349
Voluntary Harmonised Procedure 357
vulnerable subjects 351–353

EU Clinical Trials Register (EU CTR) 
355

EU Database on Clinical Trials 
(EudraCT) 354–355, 443

EU databases 354–355
EudraCT see European Clinical Trials 

Database (EudraCT)
EU Directives 342, 360–378, 633–634

65/65/EEC 326, 328, 341, 342, 363
1965–1995 342, 363–365
2004–2012 342, 367
active implantable medical devices 

(AIMDs) 419
applications (2001/83/EC) 408
associated with EU Clinical Trials 

Directive 222
Clinical Trials Directive see EU Clinical 

Trials Directive (2001/20/EC)
Common Technical Document (CTD) 

format 365
counterfeit medicines 345
defi nition 362
electromagnetic compatibility (EMC) 

420
GCP Directive see Good Clinical 

Practice (GCP) Directive 
(2005/28/EC)

herbal medicinal products, application 
for registration 402

human blood/blood components 365

in vitro diagnostics (IVDs) 419, 430
list 342
medical devices (MDDs) 419

classifi cation 423
criteria for use 422

medicinal products (MPDs) 365, 366, 
422

pharmacist prepared products, supply 
612

pharmacovigilance 413, 416
summary of product characteristics 

(SmPC) 410
transparency 416, 723
unlicensed products to meet special 

needs 611
EU guidelines, defi nition 362
EU Paediatric Regulation 289, 296

sunset clause 388
see also paediatric Regulation (EU)

EU pharmaceutical legislation 362–369
1954–1995 (January) 362–364
1995 (January) – 2004 (May) 

364–366
2001–(since 2001 review) 366–369
2004–(changes since) 367–368
biosimilars 367
Common Technical Document (CTD) 

format 365
data protection 367
Directives see EU Directives
disasters shaping 362–363
Good Manufacturing Practice (GMP) 

366
guidelines, defi nition 362
history 360
Human Medicines Authorisation see 

Human Medicines 
Authorisation

key legislation and EC 
communications 364

market exclusivity 368
for micro, small and medium-sized 

enterprises 368
orphan medicines legislation 

365–366
paediatric medicines legislation 

368–369
pharmacovigilance 364
Regulations see EU Regulations
review of (2001) 366

legislation after 366–369
risk–benefi t balance 367
thalidomide and 363

EU Procedures 379–417
applications for marketing 

authorisations see Marketing 
Authorisation Application 
(MAA)

centralised 379
see also Marketing Authorisation 

Application (MAA)
change in classifi cation of supply, 

application 395–397
data exclusivity 397
data for use without prescription 

396
legal status, provisions 397
non-prescription medicines 396
prescription drugs 395, 396
product information 396

clinical trials authorisation, application 
for 403–404

non-interventional studies 403
decentralised 380, 391–392, 392

see also Marketing Authorisation 
Application (MAA)
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EU referrals to CHMP 408–410
potential serious risk to public 

health 408
harmonisation 397

package leafl et and labelling 395
see also harmonisation

herbal medicinal products, application 
for registration 402–403

mutual recognition procedure 
389–391

repeat use 394–395
orphan medicine designation, 

application for 397–398
criteria 397
dossier 398
Opinion 398

Paediatric Investigation Plan see 
Paediatric Investigation Plan 
(PIP)

pharmacovigilance 413–416
adverse drug reactions 413
compliance with obligations for 

415–416
EEA participation 415
EudraVigilance database 413
inspection types 416
inspectorate 416
legislation for 413
periodic safety update reports 

(PSURs) 414
Pharmacovigilance System Master 

File 414, 415
Rapid Alert 415
risk management systems 414
safety-related referral to CHMP 415
safety-related regulatory actions 

414–415
safety-related suspension, revocation 

or variation 415
stages 414
urgent safety restrictions 414–415

post-approval variations to marketing 
authorisations see under 
Marketing Authorisation 
Application (MAA)

product literature, promotion and 
advertising 410–413

package leafl et and labelling 
410–412, 411

promotion and advertising 
412–413

summary of product characteristics 
(SmPC) 410, 410

scientifi c advice and protocol 
assistance, application for 
400–402

from CHMP 400–402
fees 400
fi nal advice letter 401
Health Technology Assessment 

Bodies and Payers 402
innovative medicinal products 402
orphan indications 402
on paediatric populations 402
parallel advice from FDA and 

CHMP 402
pre-submission meeting 400
procedure 401
report 401
scientifi c advice working party 

(SAWP) 400
scientifi c team 401
time-frame 400, 401
written procedure 401

sunset clause 388–389, 395
urgent safety restrictions 407–408

wholesale distribution, pricing and 
reimbursement 416–417

EU Regulation on Paediatric Medicines 
289, 296, 438

sunset clause 388
see also paediatric Regulation (EU)

EU Regulations 342, 360–378, 398
1995–2004 365
Advanced Therapy Medicinal Products 

(ATMPs) 374, 642
compassionate use schemes 612–613
conditional marketing authorisation 

387
defi nition 362
European Medicines Agency 366
fi nancial penalties, marketing 

authorisations 388
marketing authorisations 365, 379, 

408
medical devices see medical devices
Paediatric Committee 302, 373–374, 

439
paediatric medicines see paediatric 

Regulation (EU)
Eudamed 432
EudraCT see European Clinical Trials 

Database (EudraCT)
EudraVigilance Clinical Trials Module 

(EVCTM) 355, 413
Euro Zone 361
European Agency for the Evaluation of 

Medicinal Products (EMEA) 
364–365

European Clinical Trials Database 
(EudraCT) 222, 353–354

EudraCT number 90
obtaining 171, 349

European Clinical Trials Directive see EU
Clinical Trials Directive 
(2001/20/EC)

European Commission (EC) 360
orphan drug development 21
paediatric regulations 296

European Economic Area (EEA) 361
European Economic Community (EEC) 

326, 328, 361
European Federation for Pharmaceutical 

Sciences (EUFEPS) 36
European Federation of Pharmaceutical 

Industries and Associations 
(EFPIA) 606

European Forum for Good Clinical 
Practice 291

European Free Trade Association (EFTA) 
states 361

European Good Manufacturing Practices, 
aseptic manufacture control 40

European Medicines Agency (EMA) 222, 
237, 338, 343, 366, 369–378

Benefi t–Risk methodology project 249
biosimilars 745

updated guidelines 746
budget 369
CHMP see Committee for Medicinal 

Products for Human Use 
(CHMP)

Co-ordination Group for Mutual 
Recognition and 
Decentralisation Procedures for 
Human Medicinal Products 
(CMDh) 377–378

Committee for Advanced Therapies 
(CAT) 374

Committee for Herbal Medicinal 
Products (HMPC) 341, 365, 
372–373

committees and other expert groups 
370–377

COMP see Committee for Orphan 
Medicinal Products (COMP)

counterfeit medicines 599
guidelines, after TeGenero event 76
individualised case safety reports, 

submission 243, 243
inspections, pharmacovigilance 416
legislation and guidelines, website 360
marketing authorisation applications 

and 356, 382
Paediatric Committee (PDCO) 302, 

373–374, 439
paediatric regulation 442–444
Pharmacovigilance Risk Assessment 

Committee 374
Pharmacovigilance working party 

375–376
scientifi c advice working party (SAWP) 

376
secretariat 369–370

structure 369–370
small and medium-sized enterprises 

(SME) 370
staffi ng 369
structure 369–370
therapeutic effi cacy working parties 

375
unlicensed medicine, supply to 

individual patients 610
Working Parties and Expert Groups 

374–375
levels of expertise 374
scientifi c advisory groups (SAGs) 

374
European Reference Price Models, Drug 

Tariff and 717
European regulations see EU Regulations
European Transparency Directive 416, 

723
European Union (EU) see EU
Evans–Cunliffe report 337
everolimus 22
excipients 69

for control animals 54–55
oral solid dosage forms 37
preclinical safety testing 69
used in animal studies 69

excretion of drugs 114, 114
see also clearance of drugs

exemestane 274
exenatide 18
exendin-4 18
exit strategy 223
‘expectedness,’ adverse events 241
expedited individualised case safety 

reports 243
expenditure, drugs see drug(s), 

expenditure
expenses, of trials 171
expert advice, UK 340–341
expert advisory groups (EAGs) 338, 

340
operation, arrangements 340

expert judgements, causality (product 
and adverse event) 247

Expert Patients, medical marketing 665
Expert Scientifi c Group (ESG) 107

recommendation for starting dose of 
biologicals 140

TGN1412 (CD28 antibody), 
investigation 140

expiry date, investigational medicinal 
products (IMPs) 166

explanatory trials 202–205
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exploratory development (ED) 82–112, 
144

benefi t : risk ratio 100
prediction 83
volunteers vs patients 92

biomarkers and surrogate endpoints in 
148

critical success factor identifi cation 83
decision milestones 84
dose range determination 83, 102–103
elderly, studies on 108–109
infl uencing later development study 

design 221
NME administration, requirements see 

new molecular entities (NMEs)
objectives 82, 83, 83–84, 85, 111
outcomes 84, 84, 110–111
phase I and phase II studies 83

see also phase I studies; phase II 
studies

planning 84–86
changing after initial results 86
devising the plan 84–85, 85, 89
documentation to support 85, 85
outline 85, 85
regulatory strategy 84

preparation for fi rst administration to 
humans see fi rst-in-human 
trials

repeat-dosing 85, 108
pharmacokinetics 99, 108

single ascending doses 85
starting dose 90
stopping 109, 110

response 110–111
subsequent studies 108–110

drug interactions 109
in elderly 108–109
food ingestion effect 108
mass-balance studies 109
repeat doses 108
surrogate endpoints 109–110, 110

timeline 84
see also fi rst-in-human trials; volunteer 

studies (healthy)
exploratory use, meta-analysis 215
export see distribution and sale (of 

drugs), USA
export disincentive, Pharmaceutical Price 

Regulation Scheme (PPRS) 
712

extended release formulations 33
extracorporeal membrane oxygenation 

(ECMO) 208
extraction ratio, of organ 116

hepatic 119
eye

irritation/sensitisation testing 66
preclinical safety testing 66

F
F1 hybrid mouse 56
facilities, fi rst-in-human studies 93–94
factor Xa, inhibitor 16
failures, drug development see under 

drug development
false-negative errors (type II) see type II 

error (false-negative)
false-positive errors see type I error (false 

positive)
falsifi ed drugs 324, 345

defi nition 597–599
differentiation from counterfeit drugs 

598
Family Health Service Authority (FHSA) 

709

Family Practitioner Committees (FPCs) 
709

fate of drugs 114
Fc fusion proteins 134
Fc regions 132–133
FcRn receptor binding epitope 133–134
FDA Export Reform and Enhancement 

Act (1996 US) 467
FDA Modernisation Act (1997) 228, 296, 

301
Federal Food, Drug, and Cosmetic Act 

(US) 518–519
1938 464
1962, premarket review for 

effectiveness 502
counterfeit drugs, defi nition 597
Kefauver–Harris Amendments 296, 

363
Federal Food and Drugs Act (1906 US) 

464
Federal regulatory requirements (US) 

461–462
fertility

agents affecting, reproductive 
toxicology studies 58

testing 58, 59
biological products 76
data interpretation in males vs

females 60–61
fexinidazole 22
fi bromyalgia 23
Field Safety Corrective Action 433
FIH studies see fi rst-in-human trials
fi llers, for oral solid dosage forms 37
fi nal report 231–232

due diligence see due diligence
see also clinical report (of trial results)

fi nances, ethical issues 291–292, 300
minors in trials 352

fi nancial disclosure 172
fi ngolimod hydrochloride 14
fi rst-in-human (FIH) trials 51, 82

administration route 97, 106
adverse reactions 95–96, 103, 106

recording, interim reviews 107
see also TGN1412 (CD28 antibody)

benefi t : risk ratio 100
volunteers vs patients 92

biologicals, risk factors 107, 107
biomarkers 100–102
clinician’s qualifi cation 93
clinician’s responsibility 87, 90, 92, 

107
design 102–105

blinding 104
cohort number 103
cohort sizes 105
crossover 104, 105, 105
dose see below
parallel-study design 104, 104, 105
placebo use 104
practical aspects and conduct 106

dose/dosing
biologicals, dose selection 139–140, 

140, 141
biologicals, recommendation 140
increment magnitude 102
intervals between 106
number for individual subjects 

103–104
range, choice 102, 102
setting for, requirements 43
single-dose see below
starting dose, choice 43, 50, 76, 90, 

102, 106
to toxicity 103

dose escalation design 102, 103, 108
halting 107

dose–concentration–response 
relationship 96, 100, 103

dose–response 102
surrogate endpoints for 109–110

facilities and staff 93–94
healthy volunteers see volunteer(s) 

(healthy); volunteer studies
objectives 96–102

decision on drug development 97, 
99, 100

pharmacodynamics 100–102
pharmacokinetics 97–100
tolerability and safety 96–97

patients
confounding of results 92–93
healthy volunteers vs 92–93
starting doses 76

placebos 89, 104, 108
preparation 89–91

clinical trial authorisation 90–91
ethics review 90
investigator’s brochure (IB) 89–90
protocol 90
transfer from preclinical 89

protocol 90
fl exibility 90, 158
IEC review 90
modifi cations 107

regulations, TGN1412 and 67, 140
repeat-dose 99, 108
risk minimisation 105–107, 140

high risk NMEs 107, 107
interim reviews 106, 106–107
minimal risk principle 105–106
study design and conduct 106

scaling from animal studies 73
single-dose 102, 102, 103

multiple, design 103
pharmacokinetics 99

stopping, reasons for 97
pharmacokinetics 98, 99, 99

stopping rules 90
see also exploratory development (ED); 

phase I studies; volunteer 
studies

fi rst-pass metabolism 114, 117
fi xed-dose combinations (FDC) 593
5-fl uorouracil, toxicity 277
fomivirsen 20
Food, Drug, and Cosmetic Act see Federal 

Food, Drug, and Cosmetic Act 
(US)

Food and Drug Administration (FDA) 
222, 461–500

21st Century Manufacturing 35
2004 regulations on foreign studies 

155
2008, studies in accordance with GCP 

156
accelerated approval 467–468, 472, 

483, 504, 505, 530
animal drugs 474
animal testing 480
biological drugs 493–494, 502–507

biologics review 494
licence application 493–494
regulation 502–507

carcinogenicity studies 56, 57, 58
CDER see Center for Drug Evaluation 

and Research
Code of Federal Regulations 155, 501
Commissioner 462
counterfeit drugs, defi nition 597
Critical Path Initiative 530, 534
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development (of FDA) 501–502
dose, phase III studies 229
drug approvals, data on 508
drug bioavailability classifi cation 122
drug classifi cations 474–475
drug development, evaluation/approval 

process 501–517
abbreviated New Drug Application 

(ANDA) 502–503
adverse events 505
background 501–502
clinical trials 502
drug approvals, attitude evolution 

503–504, 507
drug lag 503–504
drug safety 505–506
drug toxicity 505
economic incentives 531–532
effectiveness, premarket review for 

502–503
ethical review and fi nances 291
evolution of regulations 502–507
fast-track review procedures 504
government preclearance 502
incentives 504, 533
IND see investigational new drug 

(IND) application (FDA)
international comparison 506
meetings with 507–508
NDA see New Drug Application 

(NDA)
patient access debate (to drugs) 

504–505
phases of drug development 507
PK-PD analysis 127
prescription and non-prescription 

drugs 395
regulatory development 502–507
risk aversion decrease 507–508

drug withdrawal, increased 223
drugs regulation statutes, history 

463–474
see also individual Acts

enforcement (regulations) 494–496
administrative detention 496
civil money penalties 495–496
criminal penalties 495
factory inspection 494–495
formal enforcement authority 

494–495
informal compliance authority 496
injunction 495
publicity 496
recall 496
restitution 496
Section 305 hearing 495
seizure (of product) 495
statistics 496
warning letters 496

FDA–sponsor conferences 534
fi rst-in-human studies, dose selection 

for biologicals 139, 140
formal approach to full development 

222
fraud, defi nition 184
fraud policy 487–488
genotoxic impurities 72
guidelines, biosimilars 746
history 462–463

funding 463
governing states 462

IND application see investigational 
new drug (IND) application 
(FDA)

individualised case safety reports, 
submission 243

inspections/audits 494–495
paediatric clinical trials 299

international harmonisation and 378
juvenile toxicity studies 60
labelling

control after drug approval 515
non-prescription drugs 476
prescription drugs 488–489

liver toxicity guideline 70
maximum safe starting dose 73
medical devices 474
NDA see New Drug Application 

(NDA)
non-prescription drug(s) 474

status switch 474–475
non-prescription drug regulation 474, 

475–477
adulteration and misbranding 475
advertising 476–477
IND/NDA system 475
industry self-regulation 477
labelling 476
OTC Drug Review 475–476
tamper-resistant packaging 476

‘omic’ technology use in preclinical 
safety testing 44

organisation (of FDA) 503
Orphan Drug Act (US) 465, 466, 504
orphan drugs 491, 504, 544
patent life 504
pharmaceutical industry and FDA, role 

in modernisation 534
pharmacogenomic data in due 

diligence report 312
pharmacovigilance 505
pivotal studies 227
population approach to 

pharmacokinetics 128
preclinical safety testing 480

excipients 69
prescription drug(s) 474

‘new’ vs ‘old’ drugs 477, 478
status switch 474–475

prescription drug regulation 474
abbreviated NDA (aNDN) 487
ADR reports 479
advertising 488–489
advisory committees 485
antibiotics 486
applications integrity (fraud) policy 

487–488
‘breakthrough therapy’ 483
categorisation (drug) 477, 479–487
confi dentiality of information 

484–485
confl ict of interest 485
costs/benefi ts of IND/NDA system 

492–493
DESI Programme 479
distribution controls 490–491
drugs marketed without approved 

NDA 479
export controls 490–491
formal administrative hearings 478
generics 478
Good Manufacturing Practice 

(GMP) 489–490
historical overview 477–479
import controls 490
Investigational New Drug (IND) 

480–482
labelling 488–489
NAS review of NDAs 477–478
NDA see New Drug Application 

(NDA)
no NDA category drugs 479–480

‘old drugs’ 477
orphan drugs 491, 504
‘paper’ NDA 478–479
patient freedom of choice 492
pharmacy compounding 490
physician prescribing 491–492
post-approval changes to NDA 

485–486
post-approval requirements 485
Section 505(b)(2) NDA 486–487
serious and adverse drugs reactions 

485
summary suspension of approval 

486
unapproved drugs 479
user fees 471, 486

randomised placebo-controlled trial 
requirement 145, 227

regulatory framework 461–462
federal regulatory requirements 

461–462
legal challenge 461
product liability 462
promulgation of regulations 461
state regulatory requirements 462

risk aversive 506–507
risk evaluation and mitigation strategy 

(REMS) 505
Sentinel System 506
standards, international comparison 

506
Subpart H rules 504
thalidomide 363
unmet medical needs 504
waiver on periodic report (PSUR 

format) 245
working with, meetings with 507–508

document submission 508
minutes 508

Food and Drug Administration 
Amendments Act (2007 US) 
470–471, 482, 483, 484, 485, 
488

Investigational New Drug/New Drug 
Application 470

Food and Drug Administration (FDA) 
Modernisation Act (2002) 228, 
296, 301

Food and Drug Administration 
Modernization Act (1997 US) 
467–469

Food and Drug Administration Safety 
and Innovation Act (2012 US) 
471–474

food ingestion, effects, exploratory 
development studies 108

formulary 688
Australia 574
Canada 702
UK see British National Formulary 

(BNF)
formulations/formulation types 33–35

age-appropriate, paediatric clinical 
trials 301

buccal 34–35
changes to investigational medicinal 

product 164
CSD requirement 324
development cycle 36
intranasal 35
marketed, phase III studies undertaken 

with 229
ophthalmic and aural 35
oral liquids 34
oral solid dosage forms see oral solid 

dosage forms
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pulmonary delivery 34
rectal 35
requirements for administration to 

humans 88, 88–89
sterile products 34
topical 35
two, parallel vs sequential phase III 

studies 229, 231
vaginal 35

fragment-based drug discovery (FBDD) 
10–11, 24

advantages 11
biophysical techniques used in 11
fragments, criteria and number 10–11
library optimisation 11
success and drug number 11

France
adverse reactions in volunteer studies 

96
pricing and drug approval 227–228
Stalinon toxicity 363
unlicensed medicines, use 618, 628

franchise, medical marketing 656, 665
GlaxoSmithKline (GSK) 666

fraud 184–186
actions when suspected 185
detection 184, 185

fraud policy (US) 487–488
Freedom of Information Act (2000 UK), 

clinical trials 641
full development (FD) 82, 83, 144, 

219–234
10-year strategic plan 224
delays, causes 230
duplication of studies 228
emerging markets and see emerging 

markets
execution of plan 232–233

communication 233
contract research organisations 

232
process improvement 233
quality management 233
site selection 232–233
training 233
trial prioritisation 233

minimalist programme of studies 225
as outcome of exploratory 

development 110–111
plan details 226–232

clinical trial supplies 229–230
coexisting medical conditions 

228–229
costs 232
data management 231–232
dosage form 229
dose 229
drug interactions 228–229
duration of treatment 229
human resources 231
length of programme 230–231
number of studies 227–228
for parallel vs sequential studies 

229, 231
patient categories 228
patient number 226–227, 229
technology 232
timing and clinical cut-off 230

plan preparation 223–226
differentiation from competitors 

225, 228
plan structure 223–224
safety 226
sequential plan 224
strategic review of plan 224
therapeutic targets 224–226

process of taking products into 
221–223

clinical perspective 221
commercial perspective 222–223
exit strategy 223
improvements 233
political infl uences 223
regulatory perspective 222

program number 219
senior management perspective 

220–221
timing/duration 230–231, 233
see also phase II studies; phase III 

studies
functional observation battery 51
fundholding

General Practitioner (GP) 719
Primary Care Groups (PCGs) 720

funding
drug discovery 23, 308
FDA 463
GPs, and indicative prescribing scheme 

719
Medicines Control Agency (MCA) 

self-funding 337
fusion kinases 275
‘futile cycle’ 125

G
GABA receptors 298
galantamine 15
Galene 319
gamma-secretase, inhibitors 15
gastric acid, secretion reduction 19
gastrointestinal diseases, drug discovery 

for 19–20
gavage, carcinogenicity studies using 57
GCP Directive see Good Clinical Practice 

(GCP) Directive (2005/28/EC)
gefi tinib 275, 276, 277, 278
gelatin capsule 33
gender

healthy volunteer studies 91–92
paediatric Regulation (EU) 435
phase I and II studies 47

gene gun 268
gene therapy, ICH 6 454
Gene Therapy Advisory Committee, 

approval for trial 171
General Medical Council (GMC) 626

off-label prescribing 611, 627–628
prescribing guidance 627–628

General Practitioner (GP)
as customer

marketing plan 659
promotion to 663

Family Practitioner Committees 
(FPCs), contractors to 709

fundholding 719
prescribing 708

General Product Safety (GPS) Directive
obligations on distributors 433
obligations on producers 432–433

general sales list (GSL) medicines 
326–327

Generic Drug Enforcement Act (1992 
US) 466–467

generic drugs/formulations 466
bioequivalence 520
biological drugs 122, 493
competition, impact 519–521
early generic competition 533
EU Directive (2004/27/EC) 367
Generic Drug Enforcement Act (1992 

US) 466–467
licensing 121

pioneer drugs and 486–487, 494
registration 121
regulation 478
suitability petition 486–487
therapeutically equivalent 520

generic prescribing
NHS market 721
patents 721

generic substitution 575, 718, 744
see also biosimilars

genetic biomarkers 148
genetic disease, cancer as 272
genetic manipulation, biosimilars 744
genetically manufactured 

pharmaceuticals 656
see also biological drugs/biologicals

genetically modifi ed (GM) products, 
Australia regulations 570

genomic testing
carbamazepine labelling change 

523
drug effectiveness 523
warfarin dosing 522–523
see also pharmacogenetics/

pharmacogenomics
genotoxic carcinogens 42

detection 71
risk, dose and duration of exposure 

affecting 71–72
genotoxic impurities 71–72

lifetime intake 71
preclinical safety testing 71–72

genotoxicity 61
genotoxicity testing 61–65, 78

additional tests 62, 65
bacterial tests for gene mutation 61, 

62–63
biologicals 74
chromosomal aberration assays 63
chromosome damage detection in 

rodents 63–64
Comet assay for DNA damage 64
false negatives/positives 65
germ cell tests 64–65
ICH guidelines 61–72
in vitro micronucleus test 63
in vivo assays 62, 63, 64, 65

in vitro test result differences 65
mammalian cell tests for mutations 63
options and choice of assays 62
short-term, carcinogen detection 61
standard test battery 62, 65
study design 62–64
study interpretation 65
timing 61
unscheduled DNA synthesis 64

germ cell tests 64–65
German Reich Minister of the Interior 

287
Germany, evaluation of medicines (1911–

1963) 363
Gillick competence 635
glatiramer acetate, multiple sclerosis 

treatment 13–14
GlaxoSmithKline (GSK)

Academic Discovery Performance Unit 
24

franchise, medical marketing 666
Global Alliance for TB Drug 

Development (TB Alliance) 21, 
742

Global Alliance for Vaccines and 
Immunization 741

global clinical trials
Good Clinical Practice (GCP) 730
patient volume by country 736
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global harmonisation, drug development 
156

global introspection, causality of adverse 
events 175, 247

glomerular fi ltration rate (GFR) 116, 124
age-related changes, children 297–298

GLP see Good Laboratory Practice (GLP)
glucagon-like peptide 1 (GLP-1) 17–18

metabolism prevention 18
glucagon-like peptide 1 (GLP-1) mimic 

18
glucocorticosteroids, inhaled 17
glucose, blood see blood glucose
glucuronides 125
glycogen synthase kinase-3 (GSK-3) 15

inhibitor 15
glycosylation, antibodies 133

altered in mAbs 134
GMP Directive (2003/94/EC) 222, 230, 

335, 366
go/no-go decision 148

biomarkers and surrogate endpoints 
148

exploratory development plan features 
84, 85, 110, 784

full development plan and 224
see also stopping (trials/studies)

Good Clinical Practice (GCP) 155–157, 
288

Australia, regulation of therapeutic 
products 580

breaches, reporting 178–179
clinical trials 354, 580, 771–782
documentation required see 

documentation for clinical 
trials

emerging markets 730, 738
EU Clinical Trials Directive and 348, 

351, 354
see also Good Clinical Practice 

(GCP) Directive (2005/28/EC)
global clinical trials 730
ICH GCP see International Conference 

on Harmonisation (ICH)
ICH principles 157
IMPs see investigational medicinal 

product(s) (IMPs)
key documents 155
MHRA, criticisms from Select 

Committee 338–339
principles 180–181
quality management and 183
volunteer studies (healthy) 95

Good Clinical Practice (GCP) Directive 
(2005/28/EC) 155, 156–157, 
221, 222, 348, 633

clinical trials inspections 353–354, 
356, 357, 357

full name 351
ICH and 634
inspectors 356

Good Distribution Practices 642
counterfeiting, relating to 598

Good Laboratory Practice (GLP) 47, 49
clinical trial authorisation request 90
toxicity, biologicals 74

Good Manufacturing Practice (GMP) 
88–89, 335

Australia 565
certifi cation from other countries 

565
inspections 565
Mutual Recognition Agreement 

(MRA) 565
batch manufacture of unlicensed 

medicines 614

clinical trials and 349, 353, 354, 634, 
780

compliance 88, 166
FDA and 465, 489
MHRA inspection 335, 614, 615, 

622
counterfeiting, relating to 598
deviation from 489
Drug Amendments (1962 US) 465
EC Commission Directive 91/356 EEC 

335, 364, 366
GMP Directive (2003/94/EC) 222, 230, 

335, 366
inspection 614, 615, 622, 642

Japan 543
pre-/post-NDA approval (FDA) 

489
investigational medicinal product 

manufacture 164, 166, 230, 
349, 353

ICH Guidelines 157, 157
in IMP dossier 90, 164

labelling of product (Annex 13) 
165

legislation (EU) 366
New Drug Application (NDA) 

489–490
non-compliance 475, 489, 598, 600, 

601
placebo and IMPs 230
principles and practice 335
short supply of drugs and 489–490

Good Pharmacovigilance Practice (GVP) 
Guidelines 242

Grahame-Smith Working Party, Yellow 
Card 332

grants, for drug discovery 23
grey baby syndrome 295, 297
gross domestic product (GDP)

health expenditure as % 694, 724
per capita health expenditure as % 

695
Group I diseases, epidemiology and 

disease burden 733
Group II diseases, epidemiology and 

disease burden 733
group sequential designs 202
growth factors, genotoxicity testing 62
Guide to Good Manufacturing Practice 

(Orange Guide) 335
Guillain–Barré syndrome 258
gut emptying, slowing 18

H
H+/K+ ATPase 19
H2-antagonists 19
half-life of drugs 118–119

defi nition and concepts 118–119, 
119

determination 119
fi rst-in-human trials 97, 99, 103
uses, dosing interval 119

hapten–carrier complex 66
harm, avoidance 286, 292
harmonic mean 195
harmonisation 360, 661

animal testing 633
Australia, post-marketing reporting 

requirements 569
clinical trials 403, 772
controls on NHS medicines 

prescribing and expenditure 
(UK) 723

CTD and see Common Technical 
Document (CTD)

data protection 367

EU 361
before January 1995 362–364
from January 1995 to May 2004 

364–366
extended harmonisation, ICH 6 454
ICH GCP see International Conference 

on Harmonisation (ICH)
initiatives 238
international 378
Marketing Authorisation Application 

(MAA) 397, 409
medical devices, standards 425
New Drug Application (NDA) 515
Offi ce of Harmonisation 647
package leafl et and labelling 395
paediatric regulation 443
pharmacovigilance 414
post-harmonisation divergences 409
post-harmonisation referral procedures 

409
pricing 416
regulatory requirements 530
technical requirements for 

pharmaceuticals registration 
447–460

traditional herbal medicine 
registration 403

Voluntary Harmonised Procedure 357
see also International Conference on 

Harmonisation (ICH)
Hatch–Waxman Act (1984 US)

abbreviated New Drug Application 
(ANDA) 589

biosimilar drugs 494
impact 520
patent law 592

Haygarth, John 143
hazards, preclinical safety testing 43
headspace gassing 41
health, as an output of health care 693
Health and Social Care Act (2008 UK)

National Health Service and 725–726
supply of unlicensed medicines for 

individual patient use 623
Health Canada 378, 453
health care

benefi ts of, measuring 697–698
communications see information
economics see economics of health 

care
health economics see economics of health 

care
health policy, impact on pharmaceutical 

market 732
Health Policy Bureau (HPB) 539
Health Technology Assessment (HTA) 

556
review 2009 576–577

fi ndings 577
healthy volunteers see volunteer(s) 

(healthy)
healthy volunteers, studies see volunteer 

studies
Heberden, William 321
heparin, counterfeit 603
hepatic clearance of drugs 116, 119, 125
hepatic extraction ratio 119
hepatic impairment

controlled trials design 152
pharmacokinetics 125–126

hepatitis C virus (HCV) 11–12
epidemiology 11–12
genotypes/subtypes 12

hepato-renal failure, benoxaprofen 334, 
334

hepatotoxicity see liver toxicity
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HER2 275, 278
inhibitor 278

HER2 amplifi cation 275, 276, 281
HER3 278
herbal medicine(s) 373

advertising 672
application for registration 402–403
registration, simplifi ed 403
regulations 341
traditional use 373

criteria 402
harmonisation of registration 403

see also Committee for Herbal 
Medicinal Products (HMPC)

Herbal Medicine Products Committee 
(HMPC) see Committee for 
Herbal Medicinal Products 
(HMPC)

Herbal Medicines Advisory Committee 
(HMAC) 338, 341

herd immunity 255
hereditary angioedema 16
herpes zoster infection 224
heterogeneity, biological products 134
HIB vaccine, cost-benefi t analysis 696
high-affi nity binding 9
high-throughput screening (HTS) 3, 9, 

46–47
highly active antiretroviral therapy 

(HAART) 13
history

Australian medicine regulation see 
Australia, regulation of 
therapeutic products

biologics development 132–134
biomedical research ethics 287–288
cancer drugs 270
controlled clinical trials 143–144
counterfeit medicines 599–600
CSD see Committee on Safety of 

Drugs (CSD)
CSM see Committee on Safety of 

Medicines (CSM)
EU pharmaceutical legislation 360
European Union 361–362
FDA see Food and Drug 

Administration (FDA)
medical device regulation (EU) 419
New Drug Application (NDA) (US) 

477, 478–479
paediatric drug development 295–296
quality control (in UK) 319–320
UK drug regulations see UK drug 

regulations
vaccines 254

‘hit’ molecules 3
chemical structure and 10
discovery 4
key properties 46–47
optimisation to lead compound 3, 4

HIV infection
counterfeit antiretroviral drugs 603
drug discovery 12–13
FDA-approved drugs, number 13
infection process and replication 13
surrogate endpoints 109–110, 193

use for marketing authorisation 149
vaccines 266
see also AIDS

HLA subtypes 71
homeopathic medicinal products, 

promotion 686
Horvath Review 584
hospitals, use of unlicensed medicines, 

liability issues 626
Howell–Jolly bodies 63

HTS (high-throughput screening) 3, 9, 
46–47

human embryos/human embryonic stem 
cells (HESC) 570

human equivalent dose (HED) 73, 139, 
141

human ether-a-go-go related gene 
(hERG) 51

human immunodefi ciency virus see HIV
infection

human medicinal products in EU
Procedures see EU Procedures
Regulations, Directives see EU

Directives; EU Regulations
Human Medicines Authorisation 365

Common Technical Document (CTD) 
format 365

marketing authorisation 365
suspected unexpected adverse reactions 

365
Human Pharmacology Diploma, 

Certifi cate 653
Human Research Ethics Committee 

(HREC) 579
human resources, full development plan 

231
human testing see clinical trial(s)
humanised antibodies 133, 134
humoral immunity 132, 259, 260
hydrophilic drugs

bioavailability 117–118
clearance 116
distribution in children/infants 297

hypertension, drug discovery for 16
hypertriglyceridaemia 16
hypoglycaemic drugs 17
hypothesis generation 215
hypothesis testing 152, 197, 198–200
hypotonic solutions 40

I
ibufenac 331
icatabant 16
ICH GCP see International Conference 

on Harmonisation (ICH)
ICH Guideline on Clinical Safety Data 

Management 175
ICH guidelines see International 

Conference on Harmonisation 
(ICH)

ideal drugs, pharmacokinetics point of 
view 129, 130

idiosyncratic toxicity 43, 48, 246
IgG1 isotypes, monoclonal antibodies 

134
illegal product seizure (US) 495, 496
illegally diverted drugs 597–599

incidents 2002–2010 602
imaging biomarkers 100, 148
imatinib 275

resistance mechanism 277–278
immune complexes, biologics and 

antibodies to 138
immune response

to biologics 138–139
to ‘foreign’ protein 138
impairment 67
polyclonal antibody 132
to vaccines see vaccine(s)

immune system 259, 260
age-related changes 262
cell-mediated immunity 75, 259, 260
human vs rodents, vs non-rodents 67
humoral immunity 132, 259, 260
innate 259, 267
see also antibodies; T lymphocytes

immune thrombocytopenic purpura 
(ITP), chronic 21

immunogenicity
biologicals 138–139

consequences 138, 139
prediction for 75

vaccines see vaccine(s)
immunoglobulin(s)

half-life 92
structure 132–133, 133
see also antibodies

immunoglobulin G (IgG), antibodies as 
cancer drugs 275

immunological failure, therapeutic 
vaccines for 268–269

immunosenescence 262
immunosuppressants, ulcerative colitis 

19
immunosuppression 67

detection 67
immunotoxicology 66–68

cytokine release syndrome and 67–68
see also cytokine storm

immunosuppression detection 67
liver toxicity and 71
signalling pathways activated 67, 92
species-specifi c products and effects 

67–68
Import Drug Act (1848 US) 463
importation/imports

exceptions (US) 490
investigational medicinal products 

(IMPs) 165
prescription drugs, FDA controls 490
pricing 490
supply of unlicensed medicines for 

individual patient use 615, 617, 
622

impurities 88
genotoxic 71–72
preclinical safety testing 71–72
threshold levels 71
unwanted effects 71

‘in-fi lling’ 228
in vitro diagnostics (IVDs) 430

Australia, regulations 586
common technical specifi cations 

(CTS) 431
conformity assessment procedures 431
EC Directive 419, 430
List A (high risk) 430
List B 430
registered place of business 431

in vitro dissolution studies 165
in vitro micronucleus test 63
in vitro screen, drug interactions 

123–124
incentives

orphan drug development and 21, 564
paediatric products 302
small and medium-sized enterprises 

(SMEs) 370
incompetent minors, consent 351, 444, 

635, 753, 775–776
Incremental Net (Health) Benefi ts 249
IND/NDA system

costs/benefi ts 492–493
non-prescription drugs 475
see also investigational new drug (IND) 

application (FDA); New Drug 
Application (NDA)

indacaterol 17
Independent Data Monitoring 

Committees 173, 239–240
see also Data Safety Monitoring 

Committees (DSMCs)
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independent ethics committee (IEC), 
fi rst-in-human trial 90

indication expansion 593–594
blockbuster drugs 594
paediatric use 594

indicative prescribing scheme 719
indirubins 15
individual autonomy 286
individual patient supply see unlicensed 

medicine supply, individual 
patient use

individualised benefi t–risk assessment 
249

individualised case safety reports 243
individualised treatments

cancer 277
see also personalised medicines

inducements 291
lack, for informed consent 289
parental consent and 300, 352

infants
vaccines 255
see also neonates; paediatric drug 

development
infections, drug-induced 546
inferential statistics see statistical analysis/

statistics
infl ammation, downregulation 19
infl ammatory bowel disease 19
infl uence/relevance diagrams, benefi t–

risk evaluation 249
infl uenza vaccine 267, 268, 584
information 670–691

ADME characteristics, preclinical 
safety testing 43, 87

advertising/advertising material see 
advertising

advisors, professional 678
training by 678

complaints 673, 675
Code of Practice Appeal Board 

(CPAB) 675–676
types 677

confi dential see confi dential 
information

consumer medicine see consumer 
medicine information (CMI)

data-on-fi le 680, 688
dissemination, new drugs 492
enforcement of legislation on 673

advertising 672, 673
other codes 677–678
self-regulation, ABPI 673–678
see also Association of British 

Pharmaceutical Industry 
(ABPI), Code of Practice

exchange of, clinical trials 778–779
on formulary packs 687–688
full disclosure of, investigator’s 

brochure (IB) 89
homeopathic medicinal products 

686
labelling of product 684–686
legislation, controls/codes 671, 672

advertising 672, 673–678
European legislation 671
The Medicines Act (1968 UK) 671
UK legislation 671

market research and 683
Medical Division, role 687
medical information department 

686–688
Medicines Regulations see Medicines 

(Monitoring of Advertising) 
Regulations (1994)

meetings and conferences 688

MHRA 685–686
complaint handling 673
role 670–671
vetting of advertising material 672

packaging 684–686, 686
patients, online medicines for 604
peer-reviewed journals 687–688
PILs see patient information leafl ets 

(PILs)
prescription medicines 678–683

promotion, methods see promotion
procedural aspects 689–690

personnel 689
stages 689

product monographs 687–688
see also Therapeutic Goods 

Administration (TGA)
promotion/promotional material see 

promotional material
promotional 688–689

see also promotion
published data 680
sources 684
SPC see summary of product 

characteristics (SmPC)
sponsorship 688
on unlicensed medicines 687
see also advertising; promotion

information sheet
in Informed Consent Form (ICF) 160
for patients see patient information 

leafl ets (PILs)
informed consent 288–289, 292

adequate understanding 289, 292
‘adequately’ 292
competence for 288
concept 288
consideration of information 289
decision-making 289
lack of coercion, infl uence, inducement 

or intimidation 289
mentally/physically incapable 161, 290, 

291
necessary information 288–289
obtaining and timing for 161
parental, for child 289, 291, 300
persons seeking 290
phase I studies 161
research without, assault 290
use of pre-existing data 161
see also consent

Informed Consent Form (ICF) 160–161
information sheet 160
language and requirements 160

inhalation drug administration
forms/routes 68–69
preclinical safety testing 68, 68, 

68–69
injectables see parenterals
innate immune system 259, 267
InnoMed Initiative 46
innovation, pharmaceutical market 

732
innovative medicinal products, parallel 

scientifi c advice from FDA and 
CHMP 402

insomnia 23
inspections

clinical trials see clinical trial(s)
FDA see Food and Drug 

Administration (FDA)
Good Manufacturing Practice (GMP), 

Australia 565
MHRA, phase I research site 

inspections 182
paediatric drug development 299

pharmacovigilance
for cause or risk-based national 416
EMA-requested 416
routine national 416

regulatory 182
triggered 182

inspectors, clinical trials 356
instant release 33
institutional review board (IRB) 551

approval application 171
insulin

amendments to Food, Drug and 
Cosmetics Act (US) 464

human, production 132
long-acting 109
oral 17
secretion, upregulation 18

insurance, volunteers 96
integrins, α4, natalizumab (Tysabri) 

action 14
intellectual property 645, 734–744

clinical trials 641, 760–761
Trade-Related Aspects of Intellectual 

Property Rights (TRIPS) 
734–735

intended action, of medical product or 
device 422

intention to treat (ITT) principle 203
explanatory vs pragmatic trials 203
missing data, treatment 204

interactive voice response technology 
(IVRT) 168–169, 230

interferon b-1b, multiple sclerosis 13
interim analysis

bias 216
of clinical trial data 180
elevation of type I error 201

interim reviews
fi rst-in-human trials 106, 106–107
risk minimisation in volunteer studies 

106, 106–107
International Air Transport Association 

(IATA) regulations 169
International Birth Date 244–245
International Code of Medical Ethics 

752–753
International Conference on 

Harmonisation (ICH) 238, 
343, 344, 360, 378, 772

application submissions 459
Canada 453
clinical report of trial 182–183
clinical trial harmonisation 221, 238
CTD see Common Technical 

Document (CTD)
developments (Brussels, February 

2002) 453
drug development guidelines 222
EU Clinical Trials Directive and 288
GCP guideline 155

draft approval 156
Informed Consent form 160–161
investigator’s brochure (IB) 161
principles 157
protocol preparation 158, 201
serious adverse event classifi cation 

174–175
trial design and objectives 201
see also Good Clinical Practice 

(GCP)
guidelines 35, 343–344

carcinogenicity testing 56, 57
effi cacy 458
genotoxic impurities 72
genotoxicity testing 61–72, 64, 65
highest dose tested 51
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immunotoxicity studies 67
investigator’s brochure (IB) 89, 161
maintenance process (M) 44
multidisciplinary 459
preclinical safety testing 44, 50, 78
quality 455–456
reproductive toxicology study design 

59
safety 457

ICH 1–3 meetings (1991, 1993, 1995) 
448

ICH 4 meeting (Brussels, 1997) 448, 
449

ICH 5 meeting (San Diego, 2000) 
449–451

ICH 5 meeting report 449–451
Common Technical Document 

(CTD) 449–450, 450
ICH 6 (Osaka, 2003) 454

assessment of innovative therapies 
454

gene therapy 454
harmonisation, extended 454
medical terminology for regulatory 

activities (MedDRA) 454
pharmacovigilance 454
quality 454
safety and effi cacy 454

ICH E2C 245
ICH E2E 251
ICH E8 221
ICH E9 201
ICH M guidelines 44
ICH M3 guidelines 49, 52, 54, 72–73
ICH M7 guidelines 72
ICH Q guidelines, impurities, testing 

71
ICH R guidelines 44
ICH S guidelines 44
ICH S2R1 61–62
ICH S7B 51
ICH S8 67
ICHQ3A(R) and Q3B(R) 71
ICHQ3D 71
key pharmacovigilance initiatives 238, 

239
objective 221, 238
organisation (1990–2003) 447–448

expert working groups 447–448
members 447
steering committee 447

organisation (2003–2007) 455
organisation (2007–2011) 455–459
paediatric regulations 296
participants 343
person seeking consent 290
players/bodies involved 343
press releases 455–459
process 448, 448–449

harmonisation initiatives status 449
meetings and conferences 448–449

safety surveillance, contribution to 
238–239

Steering Committee 343
technical requirements for drug 

registration 447–460
objective/purpose 447

terms of reference, revised 459
Washington, Sept 2002 453

International Federation of 
Pharmaceutical Manufacturers 
and Associations 690

International Medical Products Anti-
Counterfeiting Taskforce 
(IMPACT) 599–600

defi nitions of counterfeit drugs 598

international studies 228
Internet

counterfeit drugs, case study 603–605
e-marketing 660, 663, 664
ordering products 621
pharmaceutical company websites 681
promotional methods 681
as a source of information to customer 

658
interquartile range 196
intra-arterial drug administration, 

preclinical safety testing 69
intramuscular drug administration, 

preclinical safety testing 68, 68
intranasal administration route

formulation 35
preclinical safety testing 69

intrarectal drug administration 35
preclinical safety testing 69

intratracheal drug administration, 
preclinical safety testing 68

intravenous formulation
for bioavailability determination 120, 

121
see also parenteral drug administration

intussusception, rotavirus vaccines and 
256, 257

inverted black triangle scheme 330, 
332

Investigation of Medicinal Products in 
Geriatrics 334

investigational medicinal product(s) 
(IMPs) 82

bulk supplies 165
control 165–166
destruction 166
documentation 164–167

for master fi les 166
records 165–166

dosing instructions 165
emergency unblinding and 166–167
EU Clinical Trials Directive 

requirements 156, 164, 349, 
779–780

expiry date 166
formulation changes 164
manufacture 164, 166, 230

GMP and see Good Manufacturing 
Practice (GMP)

manufacturers, auditing 168
order size and procedure 164
patient packs 169
presentation and packaging 165, 

166
repackaging and relabelling 166
returned, management 166
safety governance at level of 239
shipping and importation 165
storage 165–166

Investigational Medicinal Product 
Dossier (IMPD) 90, 91, 162, 
349

investigational new drug (IND) 
application (FDA) 162, 171, 
464, 503

AIDS 481
amendments 510–511
animal testing 480
annual reports 511
benefi ts and risks of investigator 

sponsored INDs 509
‘clinical hold’ 509
clinical testing 480, 481
clinical trials 482
compassionate use 481
control and development 509

cost-benefi ts 492–493
cumulative IND 511
drug review process, accelerated 

503
emergency use 481
end of phase II meeting 510
evaluation period 509
expedited individualised case safety 

reports 243
‘fast-track’ procedures 483, 511
Food and Drug Administration 

Amendments Act (2007) 
470–471

general considerations 508–509
incentives 482, 504
institutional review board 480
investigator-sponsor 509
meetings, and reasons for 510
‘parallel track’ protocols 481
prescription drugs 480–482
purpose 508
regulation 475
serious and unexpected adverse event 

511
for serious/life-threatening conditions 

511–512
special protocol assessment (SPA) 481, 

510
assessment 510

submission and review 509–510
submission requirements 508–509
‘target package insert’ 510
time-frame 480
treatment IND 481, 512
treatment protocol, fi ling 512
unmet medical needs 511
see also Food and Drug Administration 

(FDA)
investigator(s)

case report form signing 162
considerations before becoming 167
fees 221
fi nancial disclosure 172
fraudulent, motives 184
Japan, clinical trials 551
payment to 291
principal see principal investigator
reporting of serious adverse events 

241
selection 167

considerations by sponsor 167
summary report on adverse events and 

ADRs 241
training 170, 183
trial master fi le see trial master fi les
see also clinical trial conduct

investigator meetings 170
investigator sites

approval from NHS 171
selection 232–233

investigator’s brochure (IB) 89–90, 161, 
239

full disclosure required 89
updating, timing 161

investment
product-based, due diligence and 307
protection, post-authorisation 

645–646
investors 306
irinotecan, toxicity 277
irritancy 65–66
irritant contact dermatitis 65–66
irritation/sensitisation testing 65–66
Irwin’s battery 51
ISO 9001 183
isotonicity, for parenterals 40
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J
Japan 537–553

clinical trials 539, 548–552
bridging strategy 548, 560
bridging studies 549
costs 551–552
global development 548
institutional review board (IRB) 

551
investigators 551
Japanese data 544, 546, 549
medical institution 551
multinational cooperative clinical 

trial (MCCT) 549, 548
regulations 539, 548–550
severe adverse drug reactions 

551
sponsor 550–551

drug lag 552
governing law

foreign manufacturer accreditation 
538

Good Quality Practice 538
handling and sales of drugs 537
manufacturing 538
market authorisation holder (MAH) 

538
marketing approval 538
Pharmaceutical Affairs Law (PAL) 

537, 538
Pharmaceuticals and Medical 

Devices Agency (PMDA) 538, 
540

international harmonisation and 378
juvenile toxicity studies 60
pharmacopoeia 537
preclinical safety testing guidelines 50
regulatory system 539–547

ADR/infections reporting 546
advertising 546
approval timelines 544
approval without Japanese trial data 

544, 546
Central Social Insurance Medical 

Council 539
clinical trials 539, 548–550
Common Technical Document 

(CTD) 541–542, 543
compassionate use 546
conditional approval 544
early post-marketing phase vigilance 

546
GMP inspections 543
good post-marketing study practice 

546
Good Vigilance Practice 546
Health Policy Bureau (HPB) 

539
MHLW see Ministry of Health, 

Labour and Welfare (MHLW)
NDA, data for 542–543
NDA approval 544
NDA review process 543–544, 545
new molecular entities (NMEs) 

539
orphan drugs 539, 544
period safety update report 546
Pharmaceutical Affairs Committee 

(PAC) 539
Pharmaceutical and Food Sanitation 

Council (PAFSC) 539
Pharmaceuticals Affairs and Food 

Safety Bureau (PAFSB) 539
Pharmaceuticals and Medical 

Devices Agency (PMDA) 539, 
540

post-marketing surveillance 
546–547, 547

priority review 544
re-examination system 547, 547

roadmap to launch, regulations 
539–546

approval application, data for 
541–543

NHI drug pricing 546
post-marketing surveillance 

546–547
regulatory consultation 539, 541

Yaku-Ritsu (law on handling/sale of 
drugs) 537

Jenner, Edward 254, 255
Joint Development Committee 308
Joint Formulary Committee (JFC) 724
Joint Subcommittee of the English and 

Scottish Medical Advisory 
Committees 323–324

Safety of Drugs report 324
journals, due diligence and 312
justice 286
juvenile toxicity studies 60

K
Kefauver–Harris Amendments 296, 

363
KIKO (Pharmaceuticals and Medical 

Devices Agency) 539
KRAS mutation 278

L
L5178Y mouse lymphoma line 63
labelling

Australian regulations 582–583
authorised medicinal products 385, 

644
blue box 644–645

Marketing Authorisation 
Application (MAA) 391

cautionary, due diligence and 311
clinical trials 780
compensation liability 651
country of origin 583
draft 225
‘drugs facts’ box 476
due diligence and 312
European legislation 410–412, 411,

644–645, 780
FDA control 476, 488–489, 515
harmonisation 395
investigational medicinal products 

(IMPs) 165, 166
liability 645
medical devices, standards 425
Medicines for Human Use Regulations 

1994 644
New Drug Application (NDA) 512
new safety disclosures, power to order 

516
non-prescription drugs 396, 475, 476
package insert 488
patient information sheets 668
pharmacovigilance and 249–250
post-approval changes 515–516
prescription drugs 488
prior approval of new indications and/

or new dose forms 515–516
promotional material, consistent with 

669
requirements 250
template 250
UK regulations 335, 336
see also packaging

Labelling Governance Board 250

laboratories
abnormal fi ndings and sources of 

errors 177
action to take over 177
sources 177

safety data 176–178
before starting a trial 169–170

laboratory tests, interpretation 177
laboratory values/results, interpretation 

177
lack of effi cacy reports 242
language

documentation 230
for Informed Consent Form (ICF) 160

lapatinib 278
late clinical development see emerging 

markets
Latin squares 150, 150
launch of drug 657

costing 311
Japan see Japan
need for large-scale clinical study 

225
promotion 657, 663
stakeholder requirements at time of 

591
‘lead compounds’

ADMET optimisation 3
fragments transformed into 11
natural products 22

‘lead’ optimisation 3, 4, 9, 47
‘learn–confi rm’ approach 83, 144
least developing countries (LDCs), TRIPs 

exemption 734–735
legal issues 632–651

animal testing 632–633
clinical trials 633–635

anonymisation 636
confi dentiality 635–636
consent 635
Declaration of Helsinki 1996 634
disclosure 636
ethics committees 445, 634
EU Clinical Trials Directive 

633–634, 635, 636
Good Clinical Practice (GCP) 

633
Good Manufacturing Practice 

(GMP) 634
paediatric 444–445
see also specifi c legislation, EU 

Directives
contractual arrangements see 

contractual arrangements
liability

compensation see compensation 
liability

limitations, clinical trial agreement, 
641

marketing authorisations, conditional 
636–637

model clinical trial agreement (mCTA) 
(2006) 639–640

oral agreement 638
paediatric use regulations 637, 647
post-authorisation investment 

protection 645–646
copyright 646
data and market exclusivity 651
intellectual property 645–646
patents 592, 645, 646–647
supplementary protection certifi cate 

637, 648–650
trade marks 646, 647–648
see also intellectual property; 

patent(s)
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post-authorisation regulatory controls 
641–645

advertising 642–644
civil litigation 645
fi nancial penalties 645
labelling 644–645
laws, local and European 642
safety 642
status 645

product development 632–636
animal testing 632–633
confi dentiality 635
consent 635
human testing 633–635

standard clinical contract, background 
to 639–640

see also specifi c legislation
legal representative, of minors 352
legislation

compliance 236
harmonisation before January 1995 

362–364
pharmaceutical, EU 362–362
pharmacovigilance and 236

less developed nations see emerging 
markets

letrozole 274
letter of intent 171
liability 645

ABPI form of indemnity for clinical 
studies 764–765

clinical trials 759–760
compensation see compensation 

liability
labelling 645
negligence, fi nancial penalties 645
product 462

unlicensed medicines 624–626
libraries

combinatorial chemistry 9, 10
constitutive property-based 10
new chemical entity (NCE) 10
‘non-Rule of Three’ 11
optimisation, fragment-based drug 

discovery 11
physicochemical property-based 10

Licensing Authority (LA) 326, 327
ABPI inquiry 336–337
clinical trial exemption (CTX) and 

329
processing applications for product 

licence 329
time frame 329
unlicensed medicine, supply to 

individual patients 610
workload increase and ABPI inquiry 

336, 337
life cycle management (LCM) of 

medicines 589–596
biomarkers role 591
brand loyalty 594
diagnostics role 591
divestiture 591
fi xed-dose combinations 593
generic investment 594
importance of value 591, 593
indication expansion see indication

expansion
life cycle strategies 592
management team 590–592

cross-functional 590, 590
market, unmet need 591
marketing

launch see launch of drug
pre-launch marketing (PLM) 

strategies 590

marketing plan 656–657
patent law team 592
pharmacogenomics role 591
phases

maturity 590
peak 590
pre-launch 590
threshold for advancement 590

prescription to OTC switch 594–595
reformulation of products 592–593
second generation products 592–593

life cycle strategies 592
life science transactions, due diligence in 

312–313
life-threatening adverse events 174, 175, 

243
reporting 241

lifestyle drugs 527
lifetime bioassays 55
ligand(s)

binding, signalling and cancer 
272–273

as cancer therapy target 273–274
concentration/turnover, monoclonal 

antibody studies 134, 136, 136
effi ciency, concept 11
monoclonal antibody binding, model 

134, 136, 136
monoclonal antibody complex 136

pharmacokinetics 136
soluble, monoclonal antibodies against 

136–137
turnover 136

likelihood of effi cacy, cancer drugs 280
Lilly, outsourcing 526
Lilly Open Innovation in Drug Discovery 

Programme 23–24
limit dose, carcinogenicity studies 57
limited lists, therapeutic areas 718–719
linagliptin 18
Lind, James 143
lipidaemia, drug discovery for 16
lipophilic drugs

bioavailability 118
distribution in children/infants 297
metabolism 116

liraglutide 18
literature review, due diligence and 312
litigation

civil 645
see also liability

patents 647
liver disease

controlled trials 152
pharmacokinetics 125–126

liver enzymes 91, 104, 177
liver hypertrophy 45
liver toxicity 88

causes 70
FDA guidelines 70
preclinical safety testing 70–71
step-wise approach (EU) 70
verifi cation of causation, FDA and 

70
loading dose 119
local delivery, of drugs 32–33
London Pharmacopoiea 320, 321
long-term effects of medicines

methodology 437
paediatric 437

low molecular weight compounds, 
fragment-based drug discovery 
(FBDD) 10–11

low-throughput in vivo screening 9
lubricants, for oral solid dosage forms 37
lumiracoxib 71

lung cancer, EGFR mutations 276–277
resistance to inhibitors 278

lyophilised solutions 41

M
M1 muscarine receptor agonists, in 

Alzheimer’s disease 15
Maastricht treaty 361
MABEL approach 76, 102, 140

starting dose selection for biologicals 
140, 141

MacGregor Committee 717–718
magistral formula exception 612

see also unlicensed medicine supply, 
individual patient use

magnetic resonance imaging (MRI), 
tumour status, cancer drug 
trials 280

‘Make medicines Child Size’ campaign 
296–297

malaria, drugs for see antimalarial drugs
MALDI mass spectrometry 45
maleimides 15
manufacture/manufacturing

active comparators 164–165
Australia 565
biological drugs 493
CE marking 426, 428
for clinical trials 351

see also EU Clinical Trials Directive 
(2001/20/EC)

Committee on Safety of Drugs (CSD) 
324

compensation liability 651
conformity assessment procedures 

418, 424, 428, 429, 430, 431
counterfeit medicines 600–601, 

601
supply chain 601

declaration, CE marking, medical 
devices 426

defects 242
foreign manufacturers, applicant 

submission 538
GMP see Good Manufacturing Practice 

(GMP)
IMPs see investigational medicinal 

product(s) (IMPs)
legal and ethical issues 641
licences 335
medical devices

conformity assessment procedures 
418, 424, 428, 429, 430, 431

European regulation 427–428
outsourcing 526
placebo 164, 230
process

aseptic see aseptic manufacture
oral solid dosage forms 37–38
Quality by Design 35

recalls 570–571
scale, oral solid dosage forms 38
sterile products see sterile products
unlicensed medicines 622

product liability issues 626
vaccines 266

manufacturers
company number (from CSD) 324
of IMPs, auditing 168
responsibility, for Quality by Design 

35
trial clinical report implications 182

manufacturing defects 242
margin of tolerance (MOT) 711–712

Pharmaceutical Price Regulation 
Scheme 711
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market (pharmaceutical) see 
pharmaceutical market

market authorisation holder (MAH) see 
marketing authorisation holder 
(MAH)

market exclusivity 301, 368, 372, 532, 
589, 651

‘8 + 2 + 1’ regime (EU) 651
10-year 368, 388, 437, 442, 466, 651
antibiotics 486
Australia 564
Biologics Price Competition and 

Innovation Act (2009 US) 471
biosimilars 471, 494, 746
Committee for Orphan Medicinal 

Products 371, 372
EU legislation 301, 368
generic drugs and 594
indication expansion and 594
Japan 546
Korea 748
Orphan Drug Act (1983 US) 465, 466, 

504
orphan medicines 302, 372, 482, 

491
time-frame 368, 388, 437, 466, 472, 

590
US regulations 482, 486, 487, 532, 

589
expiry 466, 471
improvements needed 532
reward for studies in children 301, 

467, 487
market intelligence see marketing
market opportunity 311
market potential of drug 223
market research see marketing
market support programme 225
marketing (medical) 653–669, 656,

678–683
approval/authorisation see marketing 

authorisation
benefi ts of medicine, demonstrating 

666–667
direct-to-consumer products 666
OTC drugs 666

brands 664
cost (drug development) recovery by 

221
direct-to-consumer (DTC) 660
drugs available online 604
e-marketing 660, 663, 664
emerging markets 657, 661
franchises 665–666
market research and market 

intelligence 660–662, 683
competitor intelligence 661
pharmerging markets 661
risk–benefi t equation 661

medical advisor 654, 678
medical devices, EEA law 419
medical diagnostic products 654
medical information 663–664

e-marketing 664
‘new approach’ medical devices 419, 

428
of new medicines during 2008–2011 

4–9, 5–8
NICE and 667–668

effi cacy models 667–668
technology appraisal 667

off-label 527
prohibition violation 531

patent expiry and generics 666
off-label use 666
patent life 666

patients 664–665
direct-to-consumer (DTC) 665
Expert Patients 665
OTC drugs 665
prescription only medicines 665
see also customers

phases 660, 661
post-marketing phase see 

post-marketing surveillance
post-marketing safety see 

pharmacovigilance
pre-launch marketing (PLM) strategies 

590
Prescription Drug Marketing Act 

(1987 US) 466
promotion see promotion
promotional aids 674
promotional methods see promotion
strategic planning 656–657

clinical research and marketing 
teams 656

emerging markets 657
launch see launch of drug
‘me-too’ compounds 657
medical team and marketing team 

678
unmet medical needs 657

see also pharmaceutical market
marketing authorisation 355–356, 363, 

368
application in EU see Marketing 

Authorisation Application 
(MAA)

Australia 561
cancer drug number 281
centralised applications (EU) see 

Marketing Authorisation 
Application (MAA)

fi ling date, in development plan 
224

Human Medicines Authorisation 
365

Japan 538
non-inferiority studies, issues 212
paediatric use 302, 439
post-approval variations see under 

Marketing Authorisation 
Application (MAA)

refusal/revocation, CSM role 338
renewal 368
surrogate endpoint use and 149
suspension, revocation or variation 

415
US see New Drug Application (NDA)

Marketing Authorisation Application 
(MAA) 83, 348, 636–637, 651

animal testing 633
centralised procedure 379, 381–389, 

384
accelerated assessment 386
appeals 385
assessment reports 383
Common Technical Document 

(CTD) 381, 382
compassionate use 387–388
conditional marketing authorisation 

387
dossier 381
EMA evaluations 382–386
enforcement and penalties 388
exceptional circumstances 386–387
List of Questions 382, 383
mandatory scope 379, 380
Name Review Group (NRG) 381
Opinion, CHMP 385
optional scope 379, 380

Public Assessment Report 385–386
rapporteur 382, 383
special provisions 386–387
submission 383
sunset clause 388–389
time-frame 383, 386

clinical trials and 348, 355–356
submission rates 356

for compassionate use 387–388
decentralised procedure 380, 391–392, 

392
assessment report 391
change of reference Member State 

(RMS) 394
exceptional circumstances 394
referral in case of arbitration 

393–394
special provisions for 392–395
step I and step II 391
time-frame 391
withdrawal during procedures 

393
EU guidelines 362
EU legislation 379, 636
exclusivity, data and market, 

investment protection 651
generic versions of centrally approved 

products 379–380
infringements, type 388
legal issues 636–637
mutual recognition procedure 380, 

389–391, 390
blue box 391
break-out session 389–391
special provisions for 392–395
time-frame 389–391

national applications 380, 389–395
change of reference member state 

(RMS) 394
decentralised procedure see above
mutual recognition procedure see 

above
potential serious risk to public 

health 392–393
referral in case of arbitration 

393–394
repeat use 394–395
sunset clause 395
withdrawal during procedures 393

Paediatric Regulation 388
pivotal trials 356
post-approval variations 404–408

classifi cation 404, 405, 405, 407
clinical trials, post-authorisation 

404
defi nitions 406
EC Regulation 404
extension applications 404, 406
grouping variations 405
major 405, 407
minor 404, 405
operational guidelines 406–407
procedure 408
reference authority 405
specifi c procedures 404–406, 

407–408
unforeseen variations, 

recommendations 408
work-sharing procedure 405

pre-submission phase overview 
380–381

time-frame 381
procedure 379–381

mandatory scope 379, 380
optional scope 379, 380

requirements for 348
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time-frames
90-day procedure 389
120-day procedure 391
277-day procedure 384, 385

marketing authorisation holder (MAH) 
237

Japan 538
legal issues 637
prosecution 236
Qualifi ed Person for 

Pharmacovigilance and 238
responsibility

PSURs 244
safety data/reports 241

mass-balance studies, exploratory 
development 109

master fi les, of trial see trial master fi les
maximisation test, for allergic contact 

dermatitis 66
maximum plasma concentration see Cmax

(maximum plasma 
concentration)

maximum rate of urea synthesis (MRUS), 
ANCOVA approach 212, 
212–213

maximum recommended starting dose 
(MRSD) 139

biologicals 140
maximum repeatable dose (MRD) 

53
maximum safe starting dose, 

fi rst-in-human trials 102
maximum tolerated dose (MTD) 

52, 53
cancer drugs 271, 279, 280
carcinogenicity studies 57
fi rst-in-human trials 103

maximum well-tolerated dose (MWTD) 
103, 108

MCD-386 15
me-too compounds 521, 657
mean (arithmetic) 192, 194

calculation 194
defi nition 194
misuse 195
population 197

mean (harmonic) 195
measles, mumps and rubella (MMR) 

vaccine 255, 257
measurement, scales of 191–193
MedDRA see Medical Dictionary for 

Regulatory Activities 
(MedDRA)

media
drug promotion see promotion
drug safety perceptions 528

median 194, 195
medical advisor, medical marketing 

654
‘medical affairs’ 687
Medical Defence Union (MDU), 

unlicensed medicines and 
628–629

medical device(s)
anticounterfeiting strategy 605
Australian regulations 555, 584–585

classifi cation 585, 586
conformity assessment 586
exclusions 586
harmonisation 586
IVDs and biologicals 586
regulatory requirements 586

defi nition 421–422
EU regulations see medical device(s), 

EU regulation
US regulation (FDA) 474

medical device(s), EU regulation 337, 
418–434

active devices 423, 424
advanced therapy medicinal products 

431–432
adverse event reporting 432
CE marking 418, 424–425, 426, 428

manufacturer declaration 426
Central Management Committee 

(CMC) 421
classifi cation of devices 423–424

Class I 423, 424
Class IIa and IIb 423, 424, 430
Class III 423, 424, 430
criteria 423

clinical investigation 429–430
criteria for investigation 429
methodology 429–430
purpose 429

competent authorities 421
conformity assessment procedures 

418, 424–425, 428, 429, 430, 
431

custom-made devices 425–426
defi nition 421–422
Directives see Medical Devices 

Directives (MDDs)
drug–device borderline 422
drug–device combinations 422–423
enforcement and sanctions 433–434
essential requirements 426–427
Field Safety Corrective Action 433
General Product Safety (GPS) 

Directive 432–433
obligations on distributors 433
obligations on producers 432–433

harmonised standards 425
in vitro diagnostics 430–431

common technical specifi cations 
(CTS) 431

invasive devices 423
law on specifi c devices 419–420

history of 419
manufacturer

defi nition 427–428
information supplied by 427
outside EEA 428

manufacturer supplied information 
425, 427

marketing 419
‘new approach’ 419, 428

Medical Device Alerts 434
Medical Devices Regulations 420
national law 420
non-invasive devices 423
notifi ed body 421, 424
packaging 427
‘placing on the market’ 428–429
‘putting into service’ 428–429
recall 433
refurbished 429
registration 425
reprocessing 426
resolution of uncertainties 420–421
safeguard clause 433
single-use medical devices 426
systems and procedure packs 426
tissue engineered products 431–432
types of safeguard clause 433–434
vigilance, adverse events reporting 432

Medical Device Alerts 434
Medical Devices Agency (UK) 337
Medical Devices Directives (MDDs) 419, 

422, 426
active implantable medical devices 

(AIMDs) 419

design and construction requirements 
426

electromagnetic compatibility (EMC) 
Directive 420

general requirements 426
in vitro diagnostics (IVDs) 419
medical devices 419
purposes 420
review of and current proposals 419

Medical Devices Regulations 420
Medical Dictionary for Regulatory 

Activities (MedDRA) 180, 242, 
454, 515

Standardised Queries 242
medical electrical equipment, medical 

devices, standards 425
medical information department see 

information; promotion
medical marketing see marketing 

(medical)
Medical Protection Society (MPS), 

unlicensed medicines and 
628–629

medical records
data in source documents 163
storage 163

medical research see clinical trial(s)
Medical Research Council (MRC)

fi rst RCT 144, 206
Salvarsan Committee 322

medical statistics see statistical analysis/
statistics

Medication Guide (MedGuide) 251
medicinal product(s)

authorisation 385
see also marketing authorisation

conditional approval 387
defi nition 363, 367
registration, simplifi ed 403

Medicinal Products Law of 2001, 
unlicensed products, special 
needs 611

Medicine Equity and Drug Safety Act 
(2000 US) 469–470

medicine price index 724
medicines

herbal see herbal medicine(s)
unlicensed see unlicensed medicine 

supply, individual patient use
see also drug(s)

Medicines Act (1968 UK) 325–326
administration, DHSS Medicines 

Division 326
control on NHS medicines 708
information and promotion and 

670–671
Licensing Authority (LA) 326
Medicines Commission 326–327
Poisons Rules 327
Provisions 326
Sections 325–326, 327
unlicensed medicines in specifi ed 

circumstances 613–614
wholesale dealer’s licences 335

Medicines and Healthcare products 
Regulatory Agency (MHRA) 
236–237, 337–341

advertising material
monitoring 672–673
vetting 672

advisory structure, 2005 338
complaint handling 673
criticisms from Select Committee 

338–339
facilities accreditation for fi rst-in-

human studies 93
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full development and 222
GMP compliance inspection 335, 614, 

615, 622
individualised case safety reports, 

submission 243, 243
information and promotion and 

670–671
inspections/audits, paediatric clinical 

trials 299
key activities 237
medical devices 421
paediatric medicines 302–303

data submission/assessment 303
pharmacovigilance inspectorate 

236–237
phase I research site inspections 

182
response to clinical trial authorisation 

171
responsibilities 236
Safety Assessment of Marketed 

Medicines (SAMM) 769
staff, fees and scrutiny of data 339
unlicensed medicine, supply to 

individual patients 610–631, 
629

Yellow Card scheme and 333
Medicines Commission 326–327, 329

chairmen 326
classifi cation of medicines 326–327
functions 326

Medicines Control Agency (MCA) 326
establishment 337
self-funding, requirement 337
staff, role and contributions to EU 

337
Medicines Division, of DHSS 326, 

336–337
reform, recommendations 337

Medicines for Human Use Regulations 
(1994) 614

labelling 644
Medicines for Human Use Regulations 

(2012) 614
medicinal products, defi nitions 614
unlicensed medicines

advanced therapy medicinal 
products (ATMPs) 616

advertising 615, 618–619
charging for supply 621
distribution 615
exemptions scope 615–617
health care professional’s 

specifi cation 619
importing 615, 617, 622
issues relating to supply 618–624
labelling 621
manufacture of unlicensed 

medicines 615, 622
marketing 616
medicinal products, defi nitions 

614
non-routine preparation 615
product liability issues 624–626
products manufactured outside UK 

617–618
quantity 619
records 616
wholesale dealing in unlicensed 

medicines 622
see also unlicensed medicine supply

Medicines for Malaria Venture 21, 742
Medicines Order 1984, unlicensed 

medicines manufactured 
outside UK 617

medicines price index 724

Medicines (Monitoring of Advertising) 
Regulations (1994)

herbal medicine 672
information and promotion 671–672
media, advertising 671–672
Summary of Product Characteristics 

(SPC) 672
unlicensed medicines 672

MEDICRIME convention, counterfeit 
medicines 605–606

mega-studies 226
melanoma, malignant, vemurafenib 11
memantine 15
Memorandum of Understanding 2010 

576
memory, defi cits in Alzheimer’s disease, 

treatment 15
meningococcal B infection 258
meningococcal C conjugate vaccine 257, 

258
mental incapability, for consent 161, 290, 

291
see also consent

Merck Group, California Institute for 
Biomedical Research 24

meta-analyses 205, 214–216
bias 215–216

reducing 215
confi rmatory use 215
coronary bypass surgery 216, 216
defi nition 214
exploratory use 215
on individual patient data 215
on summary data 215
weaknesses 215–216

metabolic enzymes
autoinduction 99, 124

fi rst-in-human trials 99
induction and inhibition, drug 

interactions 123–124
‘metabolic fi ngerprint profi le’ 45–46
metabolism of drugs 33, 114, 114

cytochrome P450 isozymes 87
fi rst-pass 114, 117
genetic biomarkers 148
hepatic 126
lipophilic drugs 116
paediatrics 297
in renal impairment 125

metabolites 69
fi rst-in-human trials 97, 99
half-life 87
hepatotoxicity 70
preclinical safety testing 69–70

metabonomics (metabolomics) 43, 
45–46

applications 45–46
N-methyl-D-aspartic acid (NMDA) 

antagonists 15
MF59 (adjuvant) 267
MIAME (minimal information about a 

microarray experiment) 44
micro-metastases 271
microarray data 45, 46
microdosing 99
micronisation 33
micronuclei 63
micronucleus test 63

Comet assay integration 64
migraine 100
milnacipran 23
minimal anticipated biological effect level 

(MABEL) see MABEL approach
‘minimal risk’ 292, 299

defi nition 299
volunteer studies 105–106

minimisation (dynamic randomisation) 
207–208

minimum acceptable profi le (MAP) 83
planning exploratory development 84

minimum intolerated dose (MID) 103
Ministry of Health, Labour and Welfare 

(MHLW) (Japan) 539–547, 541
NDA approval 460, 544
organisational structure 541

‘minor risk’ 299
minors

clinical trial subjects 351–352, 353
healthy volunteers exclusion 352
legal representation 352
see also adolescents; children

MINTox (minimal information needed 
for a toxicology experiment) 
44

misbranding, non-prescription drugs 
475

misconduct, scientifi c 184–186
misuse, reporting 242
Mithridatum 319, 320, 321, 321
mitoxantrone, multiple sclerosis 

treatment 13
‘mock submissions’ 44
mode (statistics) 194–195

defi nition 194
model clinical trial agreement (mCTA) 

639–640, 641
model drug product selection law 520
Molecular Libraries Program (NIH) 23
monitored release 331
monitoring

of advertising 412, 672–673
of clinical trials, guidelines 353
of healthy volunteers 47
New Drug Application (NDA) review 

513–514
pharmaceutical physician role 172
of promotion of drugs 412
of safety in paediatric clinical trials 

301
of safety of vaccines 263, 264
visits 173

monitors
central, communication by 233
checking of IMPs 166
close-out visit 182
data review 169
role/responsibility 173

monoclonal antibodies 132
advantages as drug targets 134
altered glycosylation 134
antidrug antibody complexes 138, 139
to cell surface target 137–138
chimeric antibodies 133, 134
fi rst-in-human trials 92
human 133
humanised 133, 134
IgG1 isotypes 134
pharmacokinetics 134, 136
production 132, 135
safety assessment 74
small molecular weight chemical drugs 

vs 134, 135
to soluble ligand target 136–137, 137
starting dose 137–138
target ligand binding affi nity 134, 136, 

136
see also protein therapeutic agent

monoclonal antibodies–ligand complex 
134, 136

immunogenicity 138, 139
pharmacokinetics 136

mortality rates, by WHO region 733
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mRNA
expression, toxicogenomics 44–45
oligonucleotide base-pairing 20

MRSA, drug to inhibit growth 22
mTOR inhibitor 22
multi-site/multicentre trials 777

ethics committee application 170
to overcome recruitment problems 

231
paediatric trials 298
randomisation 206–207

multicriteria decision analysis (MCDA) 
approach 249

multidrug resistance family (MDR1) 277
multinational cooperative clinical trial 

(MCCT) 549, 548
multiple myeloma 23
multiple sclerosis

drug discovery 13–14
novel treatments 14

murine local lymph node assay 66
muscarinic agonists, in Alzheimer’s 

disease 15
muscle relaxants, multiple sclerosis 13
musculoskeletal pain, chronic 23
mutagenesis, by chemicals 61
mutations 61, 272
Mutual Recognition Agreement (MRA), 

Good Manufacturing Practice, 
Australia 565

mutual recognition procedure see under 
Marketing Authorisation 
Application (MAA)

myelin basic protein 13, 14

N
N-methyl-D-aspartic acid (NMDA) 

antagonists 15
Name Review Group (NRG) 381
named patient see unlicensed medicine 

supply, individual patient use
nano-size drugs 33
NAPQI, acetaminophen metabolite 

69–70
natalizumab (Tysabri) 14
national competent authorities (NCA) 

347, 348, 349, 368
application submission 349
non-acceptance of submission 

349–350
National Ethics Application Form 

(NEAF)/NEAF2 580
National Health and Medical Research 

Council (NHMRC) 580
National Health Insurance (NHI), drug 

pricing, and price premium 
546

National Health Service (NHS)
clinical trials, consent 635
Community Care Act (1990 UK) and 

709
controls on medicines 707–728
economics 692–694

cost 693
effi ciency 693
health service costs 694
key principles 692–694
output 692–693
prioritisation 694
resources 693
scarcity 693–694
technology appraisals 703–704

future directions, Health and Social 
Care Act (2008 UK) 725–726

health care standards 623
health service costs 694

history 707
medicine prescribing/expenditure 

707–728
1994–2009 (by year) 658
British National Formulary (BNF) 

723–724
Community Care Act (1990 UK) 

and 709
contract drug purchase from cheap 

sources 717
controlled drugs, supply 723
Drug Tariff and reference pricing 

717
enforced price reductions 718
European harmonisation 723
European Reference Price Models 

717
European transparency Directive 

723
expenditure increase, problem 709
expenditures 658, 658, 659, 709
generic prescribing encouragement 

721
generic substitution 718
Health and Social Care Act (UK) 

and 725–726
indicative prescribing scheme and 

GP funding 719
international comparisons 724, 

724–725
Joint Formulary Committee (JFC) 

724
legal status of medicines, changing 

720
limited or selected lists 718–719
MacGregor Committee 717–718
medicine price index 724
NICE role see National Institute for 

Health and Clinical Excellence 
(NICE)

Offi ce of Fair Trading report on 
PPRS 714–715

patents 721
POM switch to pharmacy or OTC 

drugs 720
PPRS see Pharmaceutical Price 

Regulation Scheme (PPRS)
prescription charges see below
primary care groups (PCG) 

development 719–720
R&D expenditure 724
rising bill, problem 709
value-based pricing (VBP) scheme 

716–717, 725
objectives 707
prescription charges 709–711

from April 2012 710–711
exemptions 710
Scotland, and Wales 710

technology appraisals 703–704
selection criteria 703–704
stakeholders 704

Trusts see NHS Trusts, pharmaceutical 
industry sponsored research

National Health Service (NHS) Ethics 
Committees 164, 170

National Institute for Health and Clinical 
Excellence (NICE) 222, 
721–723

adverse drugs reactions (ADRs) 721
future directions 722
health economics 694
medical marketing

effi cacy model 667–668
technology appraisal 667

objectives 721–722

phase III trials of cancer drugs 281
recommendations 722
technology appraisals 667, 703–704, 

722
unlicensed medicines 627
Yellow Card system 721

National Institutes of Health (NIH) 296
Molecular Libraries Program 23
Therapeutics for Neglected and Rare 

Diseases (TRND) programme 
21

National Patient Safety Agency (NPSA) 
623

National Research Act (1974), USA 
291

National Research Ethics Service (UK) 
170, 291

natural products
drug discovery 22
drugs based on, number 22

NDF4 Guidelines 557
neglected tropical diseases (NTDs) 

21–22, 23
diseases targeted and new drug 

number 21
investments and partnerships 21
see also diseases of developing 

world
negligence

authorised medicinal products, 
fi nancial penalties 645

compensation liability 651
product liability issues, unlicensed 

medicines 624
neonates

absorption of drugs 297
body composition and drug 

distribution 297
elimination of drugs 297–298
metabolism of drugs 297
opioid receptors 298
paediatric clinical trials 301
see also paediatric drug development

neoplasms see tumour(s)
networks, drug development 220
neurofi brillary tangles 14
neuronal degeneration, Alzheimer’s 

disease 14
nevirapine XR 13
‘new approach’ 428

marketing of medical devices 419
new biological entities (NBEs) 82
new chemical entity (NCE) 82, 591

application number 336
biologicals vs 134, 136–138
preclinical safety testing 50

new chemical entity (NCE) libraries 10, 
24

new drug(s)
applications approved by MHLW 

(Japan) 460, 544, 545
defi nition, FDA 464
dissemination of information 492
Early Access to Medicines Scheme 

623
investigational 464

see also investigational new drug 
(IND) application (FDA)

launch see launch of drug
paediatric use 438

application for development 
440

pioneer drugs 466
pricing, Pharmaceutical Price 

Regulation Scheme (PPRS) 
712–713
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New Drug Application (NDA) 83, 
480, 482–484, 512–516, 522, 
589

abbreviated NDA see abbreviated New 
Drug Application (ANDA) 
(US)

accelerated approval 483
accepted for fi ling 513
advisory committee 514
appeals 484
approvable letter 483, 514
approval 483

letter 483, 514
provisional 530–532
requirements for 482
status evolution 531

approved by MHLW (Japan) 460, 544, 
545

breakthrough therapy drugs 483
classifi cation, priority and standard 

513, 532, 533
Common Technical Document (CTD) 

512–513
complete response letter 483, 514
controlled substances 465
cost-benefi ts 492–493
data requirements 542–543
Drug Amendments (1962 US) 465
drugs not subject to NDA 479–480
evaluation, communication during 

484
‘fast-track’ procedures 483, 511
FDA actions 514
FDA Amendments Act (2007 US) 470, 

482, 483, 484, 485, 488
fee 513
forms (types) 480
full 480
general considerations 512–513
generic drug competition impact 519
government preclearance 502
harmonisation 515
history 477, 478–479
labelling 512
letters, approval/approvable/non-

approval/complete response 
514

marketing drugs without 479
MedDRA 515
monitoring NDA review 513–514
NAS review 477–478
new safety disclosures, power to order 

516
non-approval letter 514
number of patients and centres for 

231
orphan drugs 544
paediatric 487
‘paper’ (Section 502(b)(2)) 478–479, 

480
patient number for 227
post-approval labelling changes 

515–516
post-approval reporting 514–515
pre-NDA meeting 513
prescription drugs 480, 482–484
prior approval of new indications and/

or new dose forms 515–516
priority evaluations 484, 544

Australia 564–565
promotional materials 515
provisional approval 530–532
regulation 475
review process 

Japan 543–544
reviewer 514

reviewer 514
risk evaluation and mitigation strategy 

(REMS) 512
Risk Management 483–484
risk management planning 512
safety regulations 515
Sentinel System 512
sponsors 482, 530
submission requirements 464, 480, 

512
sunset clause 513
technical information to be supplied 

482
time-frame 464, 482–483, 513
US regulations and future prospects 

519, 522, 527, 529, 530
provisional approval 530–532

user fees 483
new molecular entities (NMEs) 4, 82, 

522, 530
2008 4, 5
2009 4, 6
2010 4, 7
2011 4, 8
high risk, fi rst-in-human studies 107, 

107
Japan 539
metabolism 87
from natural products 22
requirements for administration to 

humans 86–89
drug substance and formulations 

88, 88–89
pharmacokinetics and drug 

metabolism 87
primary pharmacodynamic activity 

86
secondary pharmacodynamic 

activity 86–87
toxicology 87–88

selection, exploratory development 
objective 83

target product profi le 83
New Zealand, joint agency with Australia 

556
implementation 571
Trans-Tasman Mutual Recognition 

arrangement 571
newsletters 680
NHS see National Health Service 

(NHS)
NHS Trusts, pharmaceutical industry 

sponsored research 
agreements and guidelines 755–763

agreement modifi cation 762
clinical trial governance 756–757
confi dentiality 759–760
defi nitions 755–756
dispute resolution 762–763
ethics committee 757
fi nancial arrangements 761
force majeure 762
Governing Law 763
intellectual property 760–761
liabilities and indemnity 758–759
marketing authorisation 757
notices 762
obligations of parties 757–758
publication 760
publicity 760
relationship between parties 762
site principle investigator 756
term and early termination 

761–762
waiver 762

rights of Third Parties 762

NICE see National Institute for Health 
and Clinical Excellence (NICE) 

nifurtimox–efl ornithine combination 
22

nilotinib 278
NMDA antagonists 15
‘no carbon required’ paper 162
no fault scheme, compensation liability 

651
no observed adverse effect level (NOAEL) 

53–54, 87
dose selection for biologicals, fi rst-in-

human studies 139, 140, 141
repeat doses in FIH studies 108
starting dose in FIH studies 102

no observed (non-toxic) effect dose level 
(NOEL) 87

non-adjuvant test, for allergic contact 
dermatitis 66

non-communicable diseases see diseases
of developing world 

non-compliance, legal requirements, 
penalties 236

non-genotoxic carcinogens 42
non-human primates 

biologicals effect on fertility, testing 76
testing on 633

non-human studies see animal testing 
non-inferiority trials 145, 146, 201, 227

control groups 211–212
limitations 212
vaccines 259

non-intervention trial 
EU Directives and 156
individualised case safety reports 243

non-linear kinetics, clearance of drugs 
116

non-malefi cence 286
non-nucleoside reverse transcriptase 

inhibitors 13
non-patient volunteers see volunteer 

studies (healthy) 
non-prescription drugs 

Australia 555
change in classifi cation (EU 

Procedures) 396
FDA regulations see under Food and 

Drug Administration (FDA) 
packaging 477
patient information sheets (PIL) 396
POM switch to (UK) 720
see also drug(s); over-the-counter 

(OTC) drugs 
non-routine preparation, Medicines for 

Human Use Regulations 2012 
615

non-small cell lung cancer (NSCLC) 275, 
276–277, 278

non-steroidal anti-infl ammatory drugs 
(NSAIDs), metabolism 125

norepinephrine system, children/infants 
298

notifi ed body, medical devices 421, 424
NRES (National Research Ethics Service) 

(UK) 170, 291
nuclear magnetic resonance (NMR) 

fragment-based drug discovery 11
in metabonomics 45

null hypothesis 152, 199, 199, 200
acceptance as false (type II error) 

213
rejecting 200
study design to test 202, 210
true, rejecting (type I error) 200

number needed to treat (NNT) 205
defi nition 205



Index 819

Nuremberg Code 155, 287
details 287

nurses, research 93

O
observational data, signal detection 

247–248
observational database 247–248
observational studies, post-marketing 

surveillance 226
ocrelizumab 14
odds ratio (OR) 153, 153, 204, 205
oesophagitis 19
oestrogen 

in breast cancer, as target for therapy 
273–274

synthesis inhibition 273–274
oestrogen receptors 

antagonists 273–274
as cancer therapy target 273–274

off-label drugs 531
as active comparator, paediatric trial 

301
extrapolation to children 298

adverse effects 295
paediatric regulation 443
use, reporting 242

off-label prescribing 443, 666
GMC guidelines 611
see also unlicensed medicine supply, 

individual patient use 
off-patent products, paediatric use 

marketing authorisation 302, 
442, 443

off-target binding 9
Offi ce of Fair Trading (OFT), report on 

PPRS 714–715
Offi ce of Harmonisation 647
Offi ce of Medicines Authorisation 

(OMA) 561
review 567

offshore chemistry houses 24
olanzapine 15
‘older elderly’ 228
oligonucleotide(s) 24

antisense 20
siRNA 20
steric-blocking 20

oligonucleotide-based therapeutics 
20–22, 24

challenges 20
modifi cation to oligonucleotides 20
neglected tropical diseases 22
orphan diseases 21
toxicities 20

‘omic’ technologies 43, 44–46
data submission 44

oncogenes 272
oncogenicity 55

see also carcinogenicity studies 
oncology, clinical trials see cancer drugs 
‘one dose for all’ 120
online medicines 603–605

accreditation 605
Royal Pharmaceutical Society of 

Great Britain 605
Verifi ed Internet Pharmacy Practice 

Sites programme 605
availability 597
counterfeit see counterfeit medicines 
marketing 604
patients

benefi ts for, and risk to 604
information for 604

unlicensed medicines 621
see also Internet 

open trials (unblinded) (open trials) 
146, 147, 209

ophthalmic preparations 35
opinion leaders 167
opioid receptors 298
Opren see benoxaprofen (Opren) 
oral administration route 

in carcinogenicity 56–57
fate of drug after 114, 117
older paediatric patients 297
preclinical safety testing 68

oral contraceptive pill, enzyme induction 
and 124

oral formulation 32–33
oral liquids 34
oral solid dosage forms 34

advantages 34, 37
coatings 33, 37
components 37
development 37–38
disadvantages 34
excipients 37
in-process testing 38
manufacturing scale 38
manufacturing techniques 37–38
packaging and costs of 38
particle size 38

oral solutions, reference 121
Orange Guide 335
orphan diseases 21, 23

drug discovery 21
EU criterion 437
paediatric 437

orphan drug(s) 532
application for orphan medicine 

designation 397–398
criteria 397
dossier 398

Australian program 564
benefi ts available to company 491
designation 21
drug development, evaluation/approval 

process (US) 504
EMEA legislation 365–366
EU legislation 365–366
EU policy 651
incentives for orphan medicines 372, 

504
Japan 539

application requirements 544
criteria for orphan designation 544

market exclusivity 302, 372, 482, 491
New Drug Application (NDA), Japan 

544
Orphan Drug Act (1983 US) 465, 

504
paediatric 302, 437
parallel scientifi c advice from FDA and 

CHMP 402
policy 651
scientifi c advice working party (SAWP) 

376
see also Committee for Orphan 

Medicinal Products (COMP) 
Orphan Drug Act (1983 US) 21, 465, 532

drug development/evaluation/approval 
504

Orphan Drug Program (Australia) 564
designation criteria 564
incentives 564
statistics 564

Orthoclone (muromomab) 134
osteoclasts 18, 19
osteoporosis 109

drug discovery for 18–19
osteoprotegerin (OPG) 19

outcome measures, explanatory vs
pragmatic trials 203

outcomes 
distribution, probability and 189–190
natural ranking 191

outsourcing 526
clinical research activities 526
emerging countries 526
production 526

over-encapsulation 165
over-the-counter (OTC) drugs 326–327, 

594–595, 677, 720
advertising 595
Australia, regulation of therapeutic 

products 585
clinical effectiveness, medical 

marketing 666
consumer health care 594
OTC Drug Review 475–476
patients, medical marketing to 665
promotion 675
switch from prescription products 

594–595
UK 720

see also non-prescription drugs 
overdose, reporting 242
‘overoptimistic investigator syndrome’ 

230
overviews see meta-analyses
Overvolunteering Prevention System 

database 95

P
P-glycoprotein (P-gp) 277
p-values 152, 199–200

interpretation 199–200
one-sided 199
two-sided 199

p53 transgenic model 56
PA-824 21–22
packaging 

Australian regulations 582–583
authorised medicinal products 385, 

643
child resistant packaging 582–583
counterfeit medicines 600, 606
designs, registered and unregistered 

646
harmonisation 395
investigational medicinal products 

(IMPs) 165, 166
medical devices, European regulation 

427
non-prescription drugs 477
oral solid dosage forms 38
package leafl et 410–412, 411
Poison Prevention Packaging Act (1970 

US) 465
prescription drugs, package insert 

488
promotion, guidance for 684–686, 686
tamper-resistant 476
unlicensed medicines, Medicines for 

Human Use Regulations 2012 
621

Paediatric Committee (PDCO) 302, 
373–374, 637

members 439, 440
role 439
tasks 373–374

paediatric drug(s) 438
Australia, indications 569
dosages 435
information on, for regulation 438
regulations see paediatric Regulation 

(EU)
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paediatric drug development 295–305
clinical trials 351–352, 353, 369, 438, 

444–445
categories approvable 300
cost-effectiveness issues 298
diffi culties 298
enrolment in multiple trials 299
ethical issues see ethical issues 
ethics committees 353, 445
healthy volunteers exclusion 352
inducement 352–353
information from clinical trials 438, 

445
inspections and audits 299
international trials 300
legal representation 352
need for 296–297
special populations (by age) 298, 

301
studies deferred until after adult 

studies 302
developmental pharmacology, adults vs

paediatric 297–298
pharmacodynamics 297, 298
pharmacokinetics 297–298

ethical issues see ethical issues 
history and milestones 295–296
need for clinical studies in paediatrics 

296–297
New Drug Application (NDA) (FDA) 

487
number of medicines not studied 302
regulatory milestones 295–296

EU 296
US 295–296

regulatory requirements 301–303
EU 302
incentives 302
paediatric investigation plan see 

Paediatric Investigation Plan 
(PIP) 

UK 302–303
US (mandatory requirements and 

reward) 301
testing of new drugs 491–492
US regulation statutes 

Best Pharmaceuticals for Children 
Act (2002 US) 469–470

Pediatric Research Equity Act (2003 
US) 470

Paediatric Investigation Plan (PIP) 
301–302, 398–399, 441–442, 
651

2008 marketing authorisation 
submission 440

aims/objectives 399, 438
application 398, 399, 401

content 439
compliance 441–442
contents 302, 399, 439
deferral of studies 302
description 301–302
legal and ethical issues 637
modifi cations 441
Opinion 438, 441
paediatric coordinator 441
Paediatric Use Regulation and 637
procedure 441
Request for Modifi cation 441
rewards and incentives 442
Supplementary Protection Certifi cate 

(SPC) 442
time-frame 441
waiver 302, 398–399, 400, 438, 441

application 399–400
content 439

grounds for 440, 441
PDCO approval, role 439

paediatric population 369
parallel scientifi c advice from FDA and 

CHMP 402
physiology, special paediatric 436,

436–437
see also adolescents; children; neonates 

paediatric Regulation (EU) 289, 296, 
302, 435–445

administration of medicines 436
adverse drug reactions (ADRs) 365, 

437
adverse events 437
aims/objectives 438–439
case study 435
changes applying to industry 439–440
clinical trials see paediatric drug 

development, clinical trials 
deferrals 440
dosages 435
EU Database on Clinical Trials 

(EudraCT) 443
EU regulations 289, 296, 388
European Medicines Agency (EMA) 

role 442–444
Expert Advisory Committee (PDCO) 

439
see also Paediatric Committee 

(PDCO) 
gender differences 435
harmonisation 442
history 437
information on paediatric drugs 438
legal and ethical issues 637
long-term effects of medicines 437

methodology 437
marketing authorisation 440
medicines legislation 368–369
networks 443–444

expert 444
paediatric 444
paediatric research 444

new paediatric medicines regulation 
438

off-label use 443
off-patent medicines 443
orphan diseases 437
paediatric drug research 438
paediatric provision 369, 400
Paediatric Use Marketing 

Authorisation (PUMA) 438, 
442

paediatric waiver see under Paediatric 
Investigation Plan (PIP) 

physiology, special paediatric 436,
436–437

PIPs see Paediatric Investigation Plan 
(PIP) 

preterm and term infants 435, 437
stakeholders 443
sunset clause 388
suspected unexpected adverse reactions 

365
urgent safety restrictions 414–415
Variations, post-approval, to marketing 

authorisations 404, 409
Paediatric Use Marketing Authorisation 

(PUMA) 302, 438, 442, 637, 
651

application rate 442
legal and ethical issues relating to 

medicinal products 637
off-patent medicines 442, 443

Paediatric Use Regulation 1901/2006 
637, 651

paediatric waiver see Paediatric 
Investigation Plan (PIP) 

palliative therapy 270, 271
Pandemic and All-Hazards Preparedness 

Act (2006 US) 470
pandemic vaccines 

availability 407, 533
Pandemic and All-Hazards 

Preparedness Act (2006 US) 
470

‘panel screening’ 161
parallel trial design 149–150

advantages/disadvantages 149, 149
fi rst-in-human trials 104, 104, 105
phase III trials 149, 150
randomisation after enrolment 150

parental consent 289, 291, 300
parenteral drug administration 34, 35

carcinogenicity studies 57
preclinical safety testing 68

parenteral formulations 
advantages 34
depot-based 33
disadvantages/adverse effects 34

parenterals (injectables) 38
fi ltration 40
free from particulate matter 39
free from pyrogens 39
isotonicity 40
pH management 40–41
stabilisation 41
stability 41
vehicles for 40
see also sterile products 

PARP 275
actions/functions 277
inhibition 277

particle size 33
oral solid dosage forms 37

particular patient see unlicensed 
medicine supply, individual 
patient use 

particulates, in injectables 39
partnering solutions 308
partnerships 220
parturition, postnatal effects of drugs 61
patent(s) 645, 646–647

application for 646–647
Australia, regulations 584–585
contest of 520
counterfeiting 598
exclusions 646
expiry 466, 518, 732
extension, Australia 585
generic drugs 466
generic prescribing 721
Hatch–Waxman Act (1984 US) 466, 

592
legal issues 592, 645, 646–647
life 504, 532, 666
litigation 647
paediatric use 439, 442
pipeline patents 735
preparation 310
protection 309–310
Supplementary Protection Certifi cate 

(SPC) 438, 650
UK 646
US regulations 504
usage patent (indications) 368

patent attorneys 310
‘patent busting’ strategy, vardenafi l 

discovery 4
patentability, due diligence and 

309–310
PATH Malarial Vaccine Initiative 741
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patient(s)
access (to drugs) 504–505, 577–582
freedom of choice 492
power 223
in trials see subjects (in trials) 

patient groups, power of 223
patient information leafl ets (PILs) 250, 

668, 684–686, 685
contents 250
due diligence and 312
European legislation 410–412, 411
legibility and readability 412
non-prescription medicines 396
promotion, guidance for 684–686, 685
UK 336
USA 336

Patient Reporting Working Group 333
patient selection approach, cancer drug 

phase III trials 281, 282, 283
PDE-4 inhibitor 17
PDE-5 3
PDF format 512
PDUFA (Prescription Drug User Fee Act) 

483, 486
Pediatric Labelling Rule (US) 296
Pediatric Research Equity Act (2003 US) 

296, 301, 470
peg-interferon alpha (peg-IFN-α),

hepatitis C 12
pegaptinib 20
PEGylation 132
penetration enhancers 33
perinatal studies 59
period safety update reports (PSURs) 

414
periodic adverse drug experience report 

(PADER) 245
Periodic Benefi t–Risk Evaluation Report 

(PBRER) 245–246
section headings 246

periodic post-marketing safety reports 
(USA) 245

periodic reporting 243–246
benefi t–risk evaluation 245–246
DSUR see Development Safety Update 

Report (DSUR) 
post-marketing safety reports (USA) 

245
PSUR see Periodic Safety Update 

Report (PSUR) 
Periodic Safety Update Report (PSUR) 

244–245
contents 245
purpose 245

Perkins Patent Tractors 143
permeability of drugs, BCS classifi cation 

36
peroxisome proliferator-activated 

receptor agonists 46
personal data, confi dentiality and 

regulation 160
personalised medicines 

benefi t–risk evaluation 249
cancer drugs 277

personalised therapeutics 522–523
pertussis vaccine 332

adverse events 332
Pfi zer 

Centers for Therapeutic Innovation 
24

PDE inhibitors 3
pH

management of parenterals 40–41
parenterals, range of 41
solubility/stability of drugs 33
stomach 33

Pharmaceutical Affairs Committee (PAC) 
539

Pharmaceutical Affairs Law (PAL) 537, 
538

Pharmaceutical and Food Sanitation 
Council (PAFSC) 539

review, NDN 544
Pharmaceutical Benefi ts Advisory 

Committee (PBAC) 572–573
application assessment criteria 572
Public Summary Documents (PSDs) 

572
sponsor 572
submission guidelines 572

Pharmaceutical Benefi ts Pricing 
Authority (PBPA) 

reduction of prescriptions 560
review criteria 559

Pharmaceutical Benefi ts Scheme (PBS) 
(Australia) 556, 559

appeals against recommendations on 
PBS listing applications 573

eligibility 560
exemption, patient 576
expenditure 559
Formulary 1 (F1) 574
Formulary 2 (F2) 574
listing

as ‘fourth hurdle’ 571–577
improvements to process 576
time-frames 577, 577

marketing approval 573
Memorandum of Understanding 2010 

576
PBAC process 572–573

see also Pharmaceutical Benefi ts 
Advisory Committee (PBAC) 

premium free medicines 574
price disclosure 574
price reduction policy 574
pricing of products 574–575
Public Summary Documents (PSDs) 

572
reduction of prescriptions 560
reference pricing 574, 575–576
reforms 574
wholesale 574

pharmaceutical companies 
collaboration strategies with academia 

5, 9, 23–24, 219, 220
company number (from CSD) 324
number in R&D 220
pharmacovigilance obligations 238
research sponsored by, in NHS Trusts 

see NHS Trusts 
small companies, development of 

products and sale 311
top companies, and number of drugs 

220
see also pharmaceutical industry 

pharmaceutical development 32–41
formulation see formulations/

formulation types 
guiding principles 36–37
oral solid dosage forms see oral solid 

dosage forms 
preformulation stage 36
principles 36–37
process 37
sterile products see sterile products 
see also drug development 

pharmaceutical industry 
consolidation 220, 525
ethics of industry, distrust 527
improvements needed 529–534
public concerns (USA) 526–527

role in modernisation of drug 
development and approval 534

summary of changing environment 
and impact on industry 529

see also pharmaceutical companies 
pharmaceutical market 654–656, 

656–657
biopharmaceuticals 656

share of in German pharmaceutical 
market 656

biosimilars 732
biotech companies 656
branded generics 732
changes in 728
companies, market share 655–656
emerging markets 732

see also emerging markets 
epidemiology and disease burden 734

disease-adjusted life-years (DALYs) 
by WHO region 734

Group I diseases 733
Group II diseases 733
mortality rates by region 733
World Health Organisation 733

franchises 656
global, size 730–731
global and regional market dynamics 

732
health policy and 732
innovation 732
market position 654
medicine expenditure 654, 655, 658,

659, 724, 730
patent expiries 732
sales at manufacturer prices 655
see also marketing (medical) 

pharmaceutical physician 
fraud, actions after 186
on independent data-monitoring 

committee 173
laboratory safety data interpretation 

177
roles 172–173

in coding 180
in due diligence 306, 307–308, 313
in ethics committee application 170

selection 167
selection of contract research 

organisations 168
selection of site management 

organisations 168
specialties 307
support of clinical trial team 172–173
vaccine safety, role 255
vaccine supply chain, role 266

Pharmaceutical Price Regulation Scheme 
(PPRS) 711–714

1999 revision 713
2004 revision 713

termination of 715
2009 revision 715–716
annual fi nancial returns (AFR) 711
assessment 713–714

by European Union 713
discounts 715
export disincentive 712
future prospects, value-based pricing 

(VBP) and 716–717
margin of tolerance (MOT) 711–712
new products 715

pricing of major 712
Offi ce of Fair Trading (OFT), report 

by 714–715
price cut 715
price fi xing 715
price freeze 715
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pricing of major new products 712
pricing system recommendations, OFT 

714
profi tability 711

UK companies with small capital 
base 712

promotional expenditure 712–713
research and development expenditure 

713
return on capital (ROC) 711, 712
termination of 2004 PPRS 715

consultation proposals 715
value-based pricing (VBP) 716–717

Pharmaceutical Research and 
Manufacturers of America 378

pharmaceuticals see drug(s) 
Pharmaceuticals Affairs and Food Safety 

Bureau (PAFSB) 539
Pharmaceuticals and Medical Devices 

Agency (PMDA) 539
organisational structure 540

pharmacists 
drug promotion to 661
promotional material certifi cation 674
storage and accountability for IMPs 

166
supply of unlicensed medicines for 

individual patient use 628
pharmaco-economics see economic 

evaluation 
pharmacodynamic antagonism 148
pharmacodynamic (PD) measures 745
pharmacodynamics/pharmacodynamic 

actions of drug 
children 297
defi nition 86, 113
drug interaction studies and 123
fi rst-in-human trials 100–102
preclinical safety pharmacology study 

50
primary activity, for NME 

administration 86
secondary activity, for NME 

administration 86–87
pharmacogenetics/pharmacogenomics 

522–523, 591
cancer drugs 276–277
data in due diligence report 312
see also genomic testing 

pharmacokinetic–pharmacodynamic 
(PK-PD) characteristics 

biologicals development 132
starting dose determination 141

frequency of dosing in controlled trials 
150–151

pharmacokinetic–pharmacodynamic 
(PK-PD) modelling 73, 
126–127

fi rst-in-human studies 100
population analysis 127–128

diffi culties and advantages 128, 129
planning and resources for 128
vs traditional approach 127, 128

traditional method 128
pharmacokinetics (PK) 113–131, 745

absorption see absorption (of drugs) 
basic concepts 114–120
bioavailability see bioavailability 
calculation of primary parameters 118
cancer drug phase I trials 279
children 297, 300–301
clearance see clearance of drugs 
data

interim reviews, fi rst-in-human 
trials 106–107

predictions from 119

use for dosage regimen design 
119–120

defi nition 113, 114
descriptive vs conceptual parameters 

115, 115–119
developmental, adult vs paediatrics 

297, –298
distribution see distribution of drugs 

(pharmacokinetic) 
in elderly 124–125, 128
elimination see elimination of drugs 
fi rst-in-human study objectives 

97–100
ideal drug 129, 130
in liver disease 125–126
metabolism see metabolism of drugs 
monoclonal antibodies 134, 136
monoclonal antibodies–ligand 

complex 136, 137
paediatric studies 300–301
population analysis see population

analysis
process 114
profi le 82

in animal testing 43, 87
for NME administration to humans 

87
renal impairment 125
role in dosage regimen determination 

129–130
traditional approach (control groups) 

127, 127
volume of distribution 118, 118

pharmacologically active dose (PAD), 
biologicals 139, 140

pharmacopoeia, Common Technical 
Document (CTD) 451, 452

pharmacopoeial discussion group (PDG) 
process 452

pharmacopoieal methods, quality control 
35

pharmacovigilance (PV) 235–253, 413–
416, 528

benefi t–risk evaluation see risk–benefi t 
assessment/evaluation 

case handling, and reporting 240–246
adverse events and ADRs 241–242
collection and collation 241, 242
expedited individualised case safety 

reports 243
off-label and overdose/misuse 

reports 242
periodic reporting see periodic 

reporting 
pregnancy reports 243
product quality complaints 242

CIOMS working groups and reports 
238

clinical trial guidelines 353
in clinical trials 176, 353
Committee on Medicinal Products for 

Human Use (CHMP) 371, 415
compliance 415–416

inspection types 416
inspectorates 416

EEA participation in 415
EU legislation 364, 409
EU procedures see under EU

Procedures 
Food and Drug Administration (FDA) 

505
harmonisation initiatives 238, 414
ICH 6 454
ICH E2E 251
ICH guidelines 344
ICH role 238–239, 239

labelling 249–250
legislation and 236
period safety update reports (PSURs) 

414
Pharmacovigilance Risk Assessment 

Committee (PRAC) 371, 374, 
413–414

Pharmacovigilance System Master File 
414, 415

post-authorisation 404
process 236, 236
Qualifi ed Person for 237–238
Rapid Alert 415
regulatory authorities and 236–237, 

237, 240
see also Center for Drug Evaluation 

and Research (CDER); 
European Medicines Agency 
(EMA); Medicines and 
Healthcare products Regulatory 
Agency (MHRA) 

risk management planning 250–252
risk management systems 414
safety 

safety-related referral to CHMP 415
safety-related regulatory actions 

414–415
safety-related suspension, revocation 

or variation 415
safety governance 239–240
signal detection/evaluation see signal 

detection 
stages 414
Therapeutic Goods Administration 

(TGA), Australia 569–570
vaccines 255
WHO and 239, 239
see also adverse drug reaction (ADR); 

adverse events 
Pharmacovigilance Risk Assessment 

Committee (PRAC) 371, 374, 
413–414

Pharmacovigilance System Master File 
414, 415

pharmacovigilance working party 
(PhVWP) 375–376

pharmacy compounding, prescription 
drugs, regulation 490

pharmacy medicines (PM) 326–327, 475
see also over-the-counter (OTC) drugs 

PharmaTrain syllabus 2012 783–787
pharmerging markets 

growth dynamics 731
medical marketing, strategic planning 

657
redefi nitions 731
see also emerging markets 

phase I studies 47, 48, 82
cancer drugs 279–280
dose, cancer drugs 279
duration of exposure to drug 47
ethical issues 292
generic toxicity package before 48,

48–49
informed consent 161
objectives 144, 280
principal investigator selection 167
research site inspections 182
safety and tolerability determination 

82
single-dose 47
sites with ‘supplementary accreditation’ 

182
subject number 48, 144
vaccines 260–261, 265
variety of meanings 82
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see also exploratory development (ED); 
fi rst-in-human (FIH) trials; 
volunteer studies (healthy) 

phase II studies 47, 48, 82
cancer drugs 280–281

non-randomised 280
primary endpoint (response rate) 

280
randomised 280

gender 47
objectives 144
phase I studies comparison 47, 48
phase IIb 228
subject number 48, 144
termination of drug development at 

221
vaccines 261–262

doses and schedule 260
effi cacy 260

phase III studies 48, 48
ABPI register 223
cancer drugs 281
children 228

see also paediatric drug development 
in chronic disease 229
costs 219, 220
crossover design, cancer drugs 281
dosage forms 229
dosage selection 151
dose 229
drug failure, cancer drugs 282
duration of treatment 229
in elderly 151
large-scale, for vaccines 262
large-scale pivotal, surrogate marker 

use 225
length of programme 230
meta-analysis to replace? 215 
number of studies 220, 227–228
objectives 144
parallel vs crossover 149, 150
parallel vs sequential for two 

formulations 229, 231
placebo-controlled vs active 

comparator 227
plan see full development (FD), plan 

details
primary endpoint 147
randomised discontinuation design 

281, 282
representative population 151
risk reduction 220
subject number 48, 144, 226–227, 

229
vaccines 262–263
see also full development (FD) 

phase IV studies 48, 226
objectives 144
subject number 48, 144
vaccines 260
see also post-marketing surveillance 

phenacetin 331
phenytoin, clearance 116
Philadelphia chromosome 275
phosphodiesterase (PDE) 

PDE-4 17
PDE-5 3

phosphodiesterase (PDE) inhibitors 
drug discovery 3–4
erectile dysfunction treatment 4
PDE-4 17
structures 4

phospholipidosis 45
photosensitivity, benoxaprofen and 334, 

334
PhRMA BRAT framework 249

Physician Payment Sunshine Act (2010 
US) 471

Physicians Drug Reference 312
physicochemical properties 

library design based on 10
pharmaceutical development based on 

36–37
pilot studies 145
pioneer drugs and generic drugs 

486–487
pivotal studies 227

phase III studies, surrogate marker use 
225

placebo-controlled 227
PK-PD modelling see pharmacokinetic–

pharmacodynamic (PK-PD) 
modelling

placebo 145
economic analyses 698
ethics of use 145
fi rst-in-human study 89, 104
manufacture 164, 230

placebo-controlled trials 145
active comparator use with 145–146
cancer drug trials 281
design 145–146
double-blind trial, fi rst trial (history) 

143
ethical issues 145
FDA requirement 145, 227
indications for 227
objective 145
paediatric 301
pivotal studies 227
value of 145
see also controlled clinical trials 

’placing on the market,’ medical devices 
428–429

plan
10-year strategic 224
exploratory development see 

exploratory development (ED) 
full development see full development 

(FD)
marketing 659
PIP see Paediatric Investigation Plan 

(PIP) 
risk management see risk management 

plan (RMP) 
plasma concentrations 113

importance over dose 88
profi les, dose relationship 97, 98
radiolabelled drugs 126

plasma concentrations–time profi le, 
bioequivalence defi nition 121

plasma concentration–time curve 114–
115, 115, 119

area under see AUC (time–
concentration curve) 

plasma elimination half-life (T1/2), 
preclinical safety testing 53

platelet aggregation, inhibition 16
plerixafor 23
pluripotent stem cells 46
Poison Prevention Packaging Act (1970 

US) 465
Poisons Rules (UK) 327
poliomyelitis vaccine

Cutter Incident 258
impact 254–255
Sabin vaccine 267
Salk vaccine 258

political infl uences, drug development 
223

poly-acrylamide gel electrophoresis, 
2D-PAGE 45

poly-ADP-ribose polymerase (PARP) see 
PARP 

polymeric coatings 33, 37
polyploidy 61
polysaccharide vaccines 254
population analysis 127–128

advantages 128, 129
defi nition/description 127
diffi culties 128, 129
method 127–128

population approach, for 
pharmacokinetics in elderly 
125

population histogram 196, 196–197
population response rate 190
population standard deviation 197
population variability 200

confi dence interval and 198
portal–systemic shunting 126
posaconazole 22
positron emission tomography (PET), 

tumour status, phase II trials 
280

post-authorisation clinical trials 226, 404
Post-Authorisation Safety Assessment 

226
post-authorisation studies see phase IV 

studies; post-marketing 
surveillance 

post-marketing phase, adverse events and 
ADRs 241

post-marketing safety reports, periodic 
(USA) 245

post-marketing surveillance 48, 226
cohort observational studies 226
House of Commons Select Committee 

views on MHRA 335
Japan 546–547
vaccines 260
see also phase IV studies 

post-translational modifi cation, proteins 
45

postcode prescribing 659, 694
postnatal studies 59

evaluation of data 61
potassium channel blocker 14, 16
potential serious risk to public health 

408
assessment 393
defi nition 392–393
evidence required 393

power of study 152
calculations 213–214

practolol 331, 333–334
pragmatic trials 202–205
prasugrel 16
pre-existing data, use, after consent 

161
pre-test/post-test designs 210
pre-trial visit 167–168
preclinical safety pharmacology studies 

49–52
ADME profi le 43, 87
ADRs predicted by 50
core battery 51–52

cardiovascular system 51–52
CNS 51
respiratory system 52

dose, highest tested 51
dose levels in vitro 51
dose–concentration–response 

relationship 86
experimental design 50–52

administration route 50
controls 50
dose levels in vivo 50–51
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general considerations 50
in vitro vs in vivo studies 50
infl uencing later development study 

design 221
for new chemical entity 86, 86
regulatory guidelines 50
secondary pharmacodynamic activity 

87
supplementary studies 52

preclinical safety testing 36, 42–81, 
87–88

administration routes see 
administration routes 

animal numbers 76–78, 77
animal species used 43, 49, 52
animal testing see animal testing 
for biologicals see biological drugs/

biologicals 
cancer drugs 279
carcinogenicity studies see 

carcinogenicity studies 
damage/toxicity types 42
dose

increase, low frequency adverse 
events 43

maximum repeatable (MRD) 53
maximum tolerated (MTD) 52, 53
range-fi nding (DRF) 53
single ascending (SAD) 53
see also repeat-dose studies (below)

dose escalation studies 52, 53
drug substance property importance 

for 36
duration 

administration routes and 68, 68
low frequency adverse events 43
maximum 53
non-rodent studies 53
repeat-dose studies 49, 52, 52

ethical issues of animal testing 44,
76–78, 77, 632–633

excipients 69
extrapolation to humans 43, 73

biologicals 74
diffi culties/problems 67, 87–88
metabolites and 70

failure to predict human risk 43, 75
fi xed-dose study 53
generic toxicity package generated 48,

48–49
genotoxicity see genotoxicity testing 
ICH guidelines see International 

Conference on Harmonisation 
(ICH)

immunotoxicology see 
immunotoxicology 

in vitro assays, vs animal studies 66, 78
irritation/sensitisation testing 65–67

see also immunotoxicology 
metabolites 69–70
national/international regulations 

42–43
necessity for? 78, 87 
objectives 42, 87
’omic’ technologies 43, 44–46
predictivity for human toxicity 43, 75

enhancing 46
rationalisation 78
recovery period 54, 55
regulatory control 44
repeat-dose studies 52–55

biologicals 74
control animals 54–55
daily dose (low/high dosage) 54
defi nitive toxicity studies 53–54, 54
doses for 53

duration 49, 52, 52
genotoxicity testing 62
maximum repeatable dose 53
minimum number of animals for 

54
study interpretation 54–55

reproductive toxicology see 
reproductive toxicology 

risk–benefi t 47–49
scaling from animals to humans 43, 

73
preparation 89

single-dose studies 50, 51, 52, 53
genotoxicity testing and 62

specialty areas 69–73
challenge stimuli, safety 88, 89
dependence potential 72–73
excipients 69
impurities and genotoxic impurities 

71–72
liver toxicity 70–71
metabolites 69–70

see also animal testing 
preclinical scientists 89
preclinical testing stage see preclinical 

safety testing 
PREDICT – 1 Study 249
Predictive Safety Testing Consortium 

(PTSC) 46
preformulation stage 36
pregnancy, thalidomide disaster see 

thalidomide disaster 
pregnancy reports, pharmacovigilance 

243
premarket approval, Biological Products 

Act (1902 US) 464
premarketing phase, adverse events and 

ADRs 241
premature trial termination, contractual 

arrangements 171–172
premium free medicine, Pharmaceutical 

Benefi ts Scheme (PBS) 574
prescribing 

generic, NHS market 721
GP fundholding 719
indicative prescribing scheme 719
off-label see off-label prescribing; 

unlicensed medicine supply 
physician 491–492, 708
UK 708

prescription charges, NHS 709–711
from April 2012 710–711
exemptions 710
Scotland, and Wales 710

Prescription Drug Marketing Act (1987 
US) 466

anticounterfeiting strategy 607
Prescription Drug User Fee Act (PDUFA, 

2002) 467, 471, 483, 486
prescription drugs 395, 474, 594–595

advertising 643, 670, 681
application data for use without 

prescription 396
Australia 555
categorisation 477, 645
change in classifi cation see under EU

Procedures 
costs 527
criteria 396
drugs no longer available in UK 708
Durham–Humphrey Amendment 

(1951 US) 464
expenditures 521

Australia 560
NHS 658, 658, 659, 709
see also drug(s), expenditure 

GP prescribing 708
internet advertising 681
investigative new drug (IND) 480–482
legal status 397
medical marketing 663
NDA 478, 480, 482–484
NHS see National Health Service 

(NHS)
no NDA 479–480
Prescription Drug Marketing Act (1987 

US) 466
Prescription Drug User Fee Act (1992 

US) 467
promotion see promotion 
registration with TGA, Australia 565
regulation in Australia 556–561
regulation in Japan see Japan 
regulation in UK see UK drug 

regulations 
regulation in US 477–493

see also drug regulations; Food and 
Drug Administration (FDA) 

switch to OTC drug class 594–595, 
720

US (FDA) 474–475
UK, dispensing 708
see also prescription only medicines 

(POM) class 
prescription event monitoring 330
prescription only medicines (POM) class 

326–327, 720
see also prescription drugs 

‘presumed will’ 352
see also consent 

preterm infants 436, 436, 437
price premium, National Health 

Insurance (NHI) 546
pricing (of drugs) 

Australian regulations 574, 575
see also under Australia, regulation 

of therapeutic products 
biosimilars 749
EU wholesale 416–417
France 227–228
harmonisation 416
imports and 490
Japan, NHI 546
Memorandum of Understanding 2010 

576
Pharmaceutical Benefi ts Pricing 

Authority (PBPA) 559, 560
phase III trials of cancer drugs 281
PPRS see Pharmaceutical Price 

Regulation Scheme (PPRS) 
public concerns 526–527
reference, Drug Tariff and 717
special patient contribution 

arrangements 575
therapeutic group premiums 575–576
in US 465, 490, 520
value-based (VBP) scheme 716–717, 

725
‘pricing study’ 228
Primary Care Groups (PCGs) 

development 719–720
fundholding 720
unifi ed budget 720

Primary Care Trusts 
replacement with clinical 

commissioning groups (CCGs) 
726

unlicensed medicines 627
see also NHS Trusts 

primary endpoints 147, 192, 202, 204, 221
co-primary 147
composite 147
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full development plan and 224–225
response rate comparison, statistics 

205, 205
principal investigator 

ethics committee application 170
importation of IMP and 165
protocol documentation construction 

158
responsibilities 161
selection 167

phase I studies 167
prioritisation of trials 233
priority evaluations, Australia 564–565
private equity, due diligence in 312–313

probabilistic methods, causality 
(product and adverse event) 
247

probability 189–191, 189, 190, 199
description 189–190
inductive 190–191

probenecid 122
prodrugs 99
product assessment, due diligence report 

311
product design 32
product formulation types see 

formulations/formulation types
product heterogeneity, protein 

therapeutics 134
product information 396
Product Licence (PL) 327

application withdrawals 329, 330
processing applications for 329–330, 

330
time taken to process 336

Product Licences of Right (PLR) 328
review by CRM 328
UK review 341

product life cycle see life cycle 
management of medicines

product portfolio, due diligence 307
product quality complaints 242
‘professional volunteer’ 93
profi tability 711, 712
progression-free survival (PFS)

cancer drug registration and 281
phase II cancer drug trial endpoint 

280
promotion (of drugs) 662–663

defi nitions 412, 688
e-marketing 663
enforcement of legislation 673

other codes 677–678
self-regulation, ABPI 673–678
see also Association of British 

Pharmaceutical Industry 
(ABPI), Code of Practice

to GP’s 663
to health professionals 412
to hospital specialists 663
information and 670–691
launch 663
legal considerations 669
legislation and controls/codes 671, 672
methods (for prescription medicines) 

488, 678–683
audio-visual 680–681
electronic data communication 681
gifts and prizes 681
hospitality 681–682
internet 681
market research 683
meetings and conferences 681
rules, general/specifi c 679–680
samples and medicines, provision 

682–683

services to doctors and patients 683
sponsorship 682
verbal 678–679
verbal promotion 678–679
written, printed and documentary 

679–680
monitoring 412
New Drug Application (NDA) 515
off-label 527
personnel involved 689
pharmacists 663
PPRS and 712–713
prescription drugs 527
procedural aspects 689–690

personnel 689
stages 689

public relations 662
regulations 412–413
SAMM studies 769
stages 689
symposia 662
UK regulations 336
voluntary control 412–413

Code of Practice (ABPI) 336, 413
see also advertising; information; 

marketing
promotional information, defi nitions 

688–689
promotional material

content 678
general and specifi c rules 679–680
pharmacist certifi ed 674
standard operating procedures (SOP) 

679
proof of concept (PoC) 82, 144, 203

vaccine phase II studies 261
proof of principle 82
proplist (MacGregor Committee) 

717–718
prostate cancer 274
protease inhibitors, serine NS3/4A 12
protection societies see unlicensed 

medicine supply, individual 
patient use

protein arrays, human 45
protein binding, drug interactions and 

124
protein chips 45
protein-derived products, preclinical 

safety testing 74
protein drugs, bioequivalence 122
protein microarrays 45
protein mimetics, half-life extended 132
protein profi les, preclinical safety testing 

45
protein scaffolds 134
protein therapeutic agent

clearance 139
production process 135
see also monoclonal antibodies

protein therapeutics
adverse effects 134
fusion proteins 134
product heterogeneity 134
species specifi city 134

proteome 45
proto-oncogenes 272
protocol of studies

amendments 160, 178
substantial 178
time limits 178

analysis plan in 181
assistance, EU Procedure for see EU

Procedures
breaches 186

reporting 178–179

construction/preparation 158–160
contents 159
documentation, trial master fi le 

158–160
of changes to protocol 160

draft and signing off 160
explanatory vs pragmatic trials 

203
fi rst-in-human see fi rst-in-human 

(FIH) trials
fl exibility 90, 158, 178
format and easy referral 231
ICH GCP guidelines 158, 201
independent trials, preparation 

158
information required 158, 159
statistical analysis plan 200
template 158

protocol review boards 158
proton-pump inhibitors 19
provisional approval, New Drug 

Application (NDA) 530–532
Prussian Directive 287
Pseudomonas aeruginosa, drug treatment 

23
psychiatric medication, counterfeit 603
PubChem database 23
public health

community interest 409
counterfeit medicines, MEDICRIME 

convention 605–606
vaccine impact 254–255
see also information

Public Health Security and Bioterrorism 
Preparedness and Response Act 
(2000 US) 470

public-private partnerships (PPPs) 
23–24, 740, 741

Public Summary Documents (PSDs) 572
publication, of trial reports 183
published data

clinical trials 760
critical assessment 698, 698–700
economic analyses 698
peer-reviewed journals 688
promotional use 680

pulmonary delivery, drugs 34
preclinical safety testing 69

‘putting into service,’ medical devices 
428

pyrogens, sterile injectables free from 39

Q
Q-TWiST 249
QALY (quality-adjusted life year), phase 

III trials of cancer drugs 281
QS21 adjuvant 267
QT interval prolongation, preclinical 

safety pharmacology 51
qualifi cations, Human Pharmacology 

Diploma, Certifi cate 653
Qualifi ed Person (QP) 164

release of IMPs 230
repackaging and relabelling of IMP 

166
Qualifi ed Person for Pharmacovigilance 

(QPPV) 237–238
role/responsibilities 238

qualitative data 191
‘quality,’ defi nition 183
quality-adjusted life-years (QALYs) 

696–697
Quality-Adjusted Time Without 

Symptoms of Disease or 
Toxicity of Treatment 
(Q-TWiST) 249
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quality assurance (QA) 183, 184
audits 182, 184
functions 184
staff 184
in trials 184

Quality Assurance (QA) auditors, 
organisation pre-trial 168

Quality by Design (QbD) 32, 35–36
concept 35
implementation 35–36
regulatory dossier for products 36

‘quality by testing’ approach 35
quality control (QC) 183–184

case report form (CRF) 162
defi nition 183
history, in UK 319–320
testing 35

quality management 183–186
in full development 233
manufacturing 242

quality management systems, medical 
devices 425

quality of life (QoL), prospective, phase 
III trials of cancer drugs 281

quantifi cation, in medicine 191
quantitative data 191

discrete vs continuous 191

R
rabbits, preclinical safety testing in 43, 

59
radiation, absorbed doses 126
radiolabelled drugs

doses, and studies using 126
elimination of drugs 126

radiolabelled materials, mass-balance 
studies 109

Raf kinase inhibitors 11
Raf1 kinase inhibition 10
randomisation 150, 150, 206–208

allocation of number 169
bias in 208
bias reduction 143–144, 206, 207
blocked (advantages/disadvantages) 

206
crossover trial design 150
defi nition 206
dynamic allocation (minimisation) 

207–208
ethical issues 208
multicentre studies 206–207
parallel trial design 150
play-the-winner (RPW) design 208
reasons for 206
stratifi ed (advantages/disadvantages) 

206–207
unrestricted 206

randomised clinical trials (RCTs) 519
cancer drugs 280
history 143–144
see also clinical trial(s); controlled 

clinical trials
randomised discontinuation design 281, 

282
randomised-play-the-winner (RPW) 

design 208
RANK–RANKL binding 19
Rapid Alert 415
rapporteur, Marketing Authorisation 

Application (MAA) 382
rare diseases see orphan diseases; orphan 

drug(s)
ras H2 model 56
rating scales 191, 193

ordinal 191, 193
multiple 193

rats
spermatozoa, fertility testing 60
see also rodents, preclinical safety 

testing
R&D see research and development 

(R&D)
R&D companies 220
reactive chemicals, genotoxicity testing 62
reactive intermediates, hepatotoxicity 70
‘reasonable causal relationship,’ defi nition 

241
recalls, Australia, regulations 570–571
receptor activator of nuclear factor-kB 

ligand (RANKL) 19
receptor occupancy 100
receptor tyrosine kinase (RTK) 273, 275

activation in cancer 272–273, 273
EGFR 272, 274

rechallenge, risk after adverse events 175
recombinant DNA technology 132, 134

biosimilars 744
recommended phase II dose (RP2D) 280
recruitment (for trials) 172

after ethics committee approval 171
cancer drugs phase III studies 281
competition for patients 221, 231
diffi culties, for radiolabelled drug 

studies 126
improved by payments 291–292
monitoring visits and 173
time required for 230
vaccine phase III studies 262
volunteers 94, 94–95, 172
see also volunteer(s) (healthy)

rectal formulation 35
‘red cell ghosts’ 40
reducing agents 41
Reference Member States (RMS) 368
reference pricing, Drug Tariff and 717
reference ranges 177
referrals to CHMP see Committee for 

Medicinal Products for Human 
Use (CHMP)

‘refl ection papers’ 362
reformulation of products 592–593
registration

accelerated approval
cancer drugs 282–283, 505
FDA 467–468, 472, 504, 505, 530

generic drugs/formulations 121
harmonisation, technical requirements 

447–460
herbal medicines 403
medical devices, EU regulation 425
new drugs 4

see also new drug(s); New Drug 
Application (NDA)

prescription drugs, with TGA 
(Australia) 565

of trade marks 647
regression-to-the-mean 210
regulations

adverse drug reactions see Yellow Card 
scheme

Australia see Australia, regulation of 
therapeutic products

enforcement 494–496
EU see EU Regulations
increased, cost increase 222
Japan see Japan
medical devices see medical device(s)
UK, history see UK drug regulations
US see Food and Drug Administration 

(FDA); US
see also drug regulations; specifi c 

regulations

regulatory approval for trial 171
requirements, IMP dossier 162

regulatory authorities 222
approval needed, protocol preparation 

158
benefi t–risk evaluation 248
pharmacovigilance 236–237, 237, 240
reporting requirements during trials 

178–179
safety governance 240
UK 336

regulatory control
concerns over surrogate endpoints 149
preclinical safety testing 44
role in pharmaceutical development 

32
regulatory dossier for products, Quality 

by Design (QbD) 36
regulatory inspections 182

triggered 182
see also inspections

regulatory procedures 235
regulatory requirements, paediatric 

studies see paediatric drug 
development

regulatory review, due diligence report 
311

regulatory strategy, in exploratory 
development planning 84

regulatory submissions, clinical 
pharmacokinetics 113, 129

relative risk (RR) 204–205
relative risk–benefi t, prescriber’s decision 

225
‘release for use process’ 39
remote data entry 169
renal clearance 116, 125

fi rst-in-human trials 97
neonates 298
in renal impairment 151–152
see also clearance of drugs

renal impairment
controlled trials 151–152
mild, in healthy elderly 151–152
pharmacokinetics 125

renin, suppression 16
repeat-dose studies see under preclinical 

safety testing
reporting

ADRs see adverse drug reaction (ADR)
adverse events see adverse events
case report form (CRF) errors 173
during trials, requirements 178–179
fi nal, at end of trial 231–232

see also clinical report (of trial 
results)

Good Clinical Practice (GCP) breaches 
178–179

misuse/overdose 242
off-label drug use 242
periodic see periodic reporting

reproductive toxicology studies 58–61
aims 58–59
animal species 60
antifertility effects

females 60–61
males 60

biologicals 75–76
data evaluation/interpretation 60–61
developmental effects 58–59, 88
general reproductive effects 58
healthy volunteer studies in men 

91–92
ICH study design (‘preferred option’) 

59
juvenile toxicity studies 60
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number of animals used 76–78, 77
segments (1–3) 59
study types 59
timing of studies 59–60

research
company-sponsored clinical trials 

634–635
see also NHS Trusts

designs 768
paediatric 438

networks 444
Pediatric Research Equity Act (2003 

US) 470
research and development (R&D)

Australia 560
companies involved 220
costs 220, 221
declining productivity, in USA 522
due diligence process 306, 309
emerging markets 728–729
government cost sharing 532
high industry profi ts and 527
models 742
number of drugs 220
Pharmaceutical Price Regulation 

Scheme (PPRS) 712–713
process 47
resources 729

research ethics committees see ethics
committees (ECs)

research nurses 93
resource dictionaries 699
respiratory syncytial virus (RSV) 

vaccine 265
respiratory system, preclinical safety 

pharmacology core battery 52
responder(s) 192
responder rates 191–192

determination 192
response evaluation criteria in solid 

tumours (RECIST) 280, 281
response rate (RR), phase II cancer drug 

trial endpoint 280
restricted access (to drugs), risk 

minimisation 251
retroviral therapy 13
return on capital (ROC) 711, 712
Review of Medicines 336
ribavirin, mechanism of action 12
righting refl ex, preclinical safety 

pharmacology studies 52
rilpivirine 13
risk 105

absolute 153, 153
categories/examples, paediatric clinical 

trials 299
defi nition 235, 367
evaluation 251–252
factors contributing 107
minimal see ‘minimal risk’
mitigation strategies 251–252
relative 153, 153

risk assessment
in due diligence report 312
ethical issues 292

risk–benefi t 192, 235
Advisory Committee opinions 235
balance, drugs 367
in clinical trial phases 47–48, 48
decreasing risk with programme 

progression 48
due diligence 306, 310
ethical issues 292
EU Directive (2004/27/EC) 367
in preclinical safety testing 47–49
problems in assessing 193

vaccines see vaccine(s)
see also benefi t : risk ratio

risk–benefi t analysis, vaccines 255
risk–benefi t assessment/evaluation 

248–249
context 248
hierarchy of evidence 248
methodologies 248–249
paediatric clinical trials 298–299, 299
personalised medicines 249

Risk Evaluation and Mitigation Strategy 
(REMS) 251, 505, 528, 529

modifi cations 251
New Drug Application (NDA) 512

risk management 528
Australia 555
New Drug Application (NDA) 483–

484, 512
planning 250–252

European 251
minimisation of risk 250–251
New Drug Application (NDA) 512
proactive management 250

systems 414
Therapeutic Goods Administration 

(TGA), Australia 554
risk management plan (RMP) 251, 414

aims 251–252
Risk Minimisation Action Plans 

(RiskMAPs) 251
Ritchie Index 201
rituximab 275
rivaroxaban 16
rivastigmine 15
rodents, preclinical safety testing 43, 49,

52, 56
antifertility effects of drugs 60
inbred vs outbred strains 56

rofecoxib (Vioxx), withdrawal 223
rofl umilast 17
romidepsin 22
Rotarix® 256
Rotashield® 256, 256
RotaTeq® 256
rotavirus infections 256, 256

vaccines 256–257
Royal College of Physicians, history 320
Royal Pharmaceutical Society of Great 

Britain
internet pharmacies 605
unlicensed medicine use, guidance 628

‘Rule of Five’ 10
‘Rule of Three’ 10–11, 211
running a clinical trial see clinical trial 

conduct

S
safe handling precautions 65
safeguard clause, medical devices, 

European regulation 433
safety

authorised medicinal products 642
drugs see drug safety
in due diligence report 312
fi rst-in-human trials 96–97
general safety measures 335–336
monitoring in paediatric clinical trials 

301
pharmaceutical physician role 

172–173
phase II trials see phase II studies
preclinical testing see preclinical safety 

testing
tolerability vs 97

Safety Assessment of Marketed Medicines 
(SAMM), guidelines 767–770

safety governance 239–240
Safety Governance Boards 239
Safety Matrix Teams (SMT) 239, 247
Safety of Drugs (CSD), Committee on 

324–325
Safety Oversight Board 506
safety-related suspension, revocation or 

variation 415
salbutamol 198–199
Salmonella typhimurium, reverse 

mutation assay 62–63
sample size 213–214

confi dence interval and 198
determination 213–214
in full development plan 227
primary endpoint determining 147
randomised trials 150
responder rate determination 192

samples, drug (promotional) see drug(s), 
samples

sarcoma 55
saturation transfer difference, fragment-

based drug discovery 11
scaling factor 73
scarifi cation 267
Schengen Agreement 361
scientifi c advice

assistance and, EU Procedure see EU
Procedures

from CHMP 400–402
fi nal advice letter 401
HTA Bodies and Payers, joint scientifi c 

advice 402
parallel scientifi c advice from FDA and 

CHMP 402
procedure 401
report 401
team 401
written procedure 401

Scientifi c Advice Working Party (SAWP) 
376, 400

expertise, structure and roles 376
fees 400
pre-submission meeting 400
time-frame 400

Scientifi c Advisory Groups (SAGs)
CHMP 376–377

answers and comments 377
members 377

European Medicines Agency (EMA) 
374

scientifi c misconduct 184–186
scientifi c necessity, ethical principle 299
Scotland, prescription charges 710
Scottish Medicines Consortium (SMC), 

economic evaluation 704
screening

high-throughput (HTS) 3, 9, 46–47
low-throughput in vivo 9

Scripps Research Institute 23
scurvy, remedies, early trial 143
SCYX-7158 22
second generation products 592–593
secondary endpoints 147

adding, preventing 147
Secret Remedies 322
sedative actions of drugs, preclinical 

safety pharmacology studies 52
SELEX (Systematic Evolution of Ligands 

by EXponential enrichment) 
20

sensitisation, testing
eye 66
immunotoxicology 66–67
skin 65–66

sensitivity analyses 699
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Sentinel System 512, 528
Food and Drug Administration (FDA) 

506
serine NS3/4A protease inhibitors 12
serine/threonine kinase, GSK-3 as 15
serious adverse events (SAEs) 511

classifi cation 174–175
criteria determining 240–241, 241
reporting 175, 241

protocol instructions 158
SUSAR see suspected unexpected 

serious adverse reactions 
(SUSARs)

see also adverse drug reaction (ADR), 
serious

serious adverse reactions see adverse drug 
reaction (ADR)

serotonin-norepinephrine reuptake 
inhibitor (SNRI), drugs 
repurposed 23

serotonin system, children/infants 
298

sertraline, unlicensed use 627
shipping, investigational medicinal 

product(s) (IMPs) 165
signal, defi nition 246
signal detection 246–248

causality assessment and algorithms 
246–247

methods 247, 248
see also causality

signal management 246
approaches 247

signalling 272–273
biologicals, effects 67, 92
cancer and 272–273, 278

as therapeutic target 274, 275
EGFR 272–273, 274

signifi cance test 198, 199
sildenafi l (Viagra) 4, 4

counterfeit 599, 603
similar biologics see biosimilars
similar medicinal product 372

defi nition 366
single-blind trials 146, 209
single cell gel electrophoresis (SCGE) 

assay 64
single-dose studies 47

drug interaction studies 123
fi rst-in-human trials see fi rst-in-

human (FIH) trials
genotoxicity testing and 62
pharmacokinetics in renal impairment 

125
phase I studies 47
preclinical safety testing 50, 51, 52, 53, 

62
single-use medical devices 426
siRNA (small interfering RNA) 20
sitagliptin 18
site management organisations (SMOs) 

168
Sjögren’s syndrome 15
skin, irritancy of drugs/agents 65–66
sleeping sickness, drug development 22
small and medium-sized enterprises 

(SMEs) 368
incentives 370

small interfering RNA (siRNA) 20
small molecular weight chemical new 

chemical entities (SMW NCEs) 
134

monoclonal antibody differences 134, 
135

smallpox eradication 254–255
smallpox vaccine 254, 267, 463

social media
due diligence and 307
subjects infl uenced by information on 

307
socioeconomic factors, risk–benefi ts of 

vaccines affected by 255–256, 
257

software developers 179
solid oral dosage forms see oral solid 

dosage forms
solid-phase chemistry 9
solid-support, compounds binding 9
solid tumours, status, phase II trials of 

cancer drugs 280
solubility of amorphous materials 33
solubility of drugs

BCS classifi cation 36
pH profi le 33

sorafenib 10, 274
source documents 163
special access scheme (SAS) 581
special patient contribution 

arrangements, Australia 575
special populations

clinical trial conduct 226
controlled clinical trial design 

151–152
full development plan 226, 228
paediatric clinical trials 301
vaccine phase II studies 261–262
see also elderly; hepatic impairment; 

renal impairment
special protocol assessment (SPA), 

investigational new drug (IND) 
481

specials see unlicensed medicine supply, 
individual patient use

specials licence see unlicensed medicine 
supply, individual patient use

species specifi city, protein therapeutics 
134

sphingosine-1-phosphate (SIP) receptors 
14

spiroindolone 21
‘split-and-mix’ methodology 9–10
sponsor(s) (clinical trials) 349

action when fraud suspected 185
audit investigator sites 182
Australia 559
benefi t–risk evaluation by 248
defi nition, EU Clinical Trials Directive 

349
ethics committee application 170
Informed Consent Form (ICF) 

requirements 160
at investigator meetings 170
investigator selection by 167
Japan 550–551
New Drug Application (NDA), role in 

530
pharmacovigilance role 176
pre-trial visit 167–168
quality management role 183
regulatory approval for trial and 171
SUSARs reporting 241
training provision 170
trial master fi le see trial master fi les
unblinding and 167
in US, serious adverse event reporting 

176
sponsorship

information and promotion 688
promotion purposes 681, 682

spontaneous reports 243, 247
weaknesses 246

spray drying 41

stability of drugs
excipients, role 69
parenterals 41
pH profi le 33

stability testing 37
staff

animal testing 632
fi rst-in-human studies 93–94
numbers, full development plan 231
quality assurance (QA) 184
training 170, 183
volunteer studies (healthy) 93–94

Stalinon 363
standard deviation 192, 196, 197, 214

population 197
standard error of the mean 197
Standard for the Uniform Scheduling of 

Medicines and Poisons 
(SUSMP) 582

standard operating procedures (SOPs) 
163–164

full development plan 233
preparation 163–164
trial-specifi c and general guidance 164
volunteer studies (healthy) 93, 95

Standardised Medical Dictionary for 
Regulatory Activities 
(MedDRA) Queries 242

Staphylococcus aureus, methicillin-
resistant (MRSA), drug 
treatment 22

starting dose
biologicals, in fi rst-in-human trials 

139–140, 140, 141
recommendation 140

choice in fi rst-in-human trials 43, 50, 
90, 102, 106

patients 76
exploratory development (ED) 90
maximum safe, FDA 73
monoclonal antibodies 137–138
PK-PD characteristics, studies 141
volunteer studies (healthy) 50, 73, 90

statins 110
counterfeit 603

statistical analysis/statistics 181, 189–218
ANCOVA type approach 212,

212–213, 213
basic principles 193–200
calculations

arithmetic mean 194
confi dence intervals 197
power 213–214
sample size 213–214

choice of 212–213
factors affecting 212

defi nitions
mean, median and mode 194
meta-analyses 214
number needed to treat (NNT) 

205
randomisation 206

descriptive 193, 194–197
inter-quartile range 196
mean, median and mode 194–195
measures of location/central 

tendency 194–195
measures of variability 195–197
range between values 195–196

design issues and 200–214
bias prevention see bias
blinding see blinding
control groups see control groups
endpoint choice 204–205
explanatory/pragmatic trials 

202–204
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randomisation see randomisation
sample size see sample size
study aims/objectives 200–202

endpoints see clinical endpoints
fraud detection 185
inferential 197–200

confi dence intervals see confi dence 
intervals

hypothesis tests, p-values 198–200
measurement scales 191–193

ordinal data 191, 193
see also rating scales

plan in protocol of trial 200
preclinical safety testing 55
probability see probability
qualitative data 191
quantitative data 191
sampling distribution 196–197
signal detection method 247, 248

statistical signifi cance 198, 199
‘stealth vectors’ 268
stem cells, pluripotent 46
steric-blocking oligonucleotides 20
sterile products 34, 38–41

advantages 34
classifi cation 40
design 40
free from particulate matter 39
free from pyrogens 39
manufacture 38–39

terminal sterilization 38, 39
see also aseptic manufacture

terminology 39
vehicles for 40

sterilisation, terminal, for products 38, 
39

process 40
sterility

as absolute 34, 39
assurance 39
testing 39

sterility assurance level (SAL) 39
stilboestrol 295, 332
stop-go decisions see go/no-go decision
stopping (trials/studies)

exploratory development see 
exploratory development (ED)

fi rst-in-human trials see fi rst-in-
human trials

premature termination 171–172
suspension of trials 350, 779
see also go/no-go decision

stopping rules 202, 240
fi rst-in-human trials 90

storage
investigational medicinal products 

(IMPs) 165–166
medical records 163

strategic review of plan, full development 
224

‘structural alerts’ 62
structure–activity relationships, 

fragment-based drug discovery 
11

Student’s t-distribution 200
subacute myelo-optic neuropathy 

(SMON) 332
subject diaries, electronic 169
subject diary cards 163
subject recruitment see recruitment
subjects (in trials)

advertising for, ABPI guideline 766
compensation for participation 160, 

291
competition for 221, 231
explanatory vs pragmatic trials 203

full development plan details 226–227
categories of patients 228

infl uenced by information on social 
media 307

number 48, 229
factors affecting 227
phase(s) I and II studies 48, 144
phase III studies 48, 144, 226–227, 

229
see also recruitment (for trials); 

volunteer(s) (healthy)
Subpart H procedures 483, 504
substandard drugs, defi nition 597–599
Summary of Product Characteristics 

(SmPC, SPC) 250, 410, 410,
672, 684, 685

advertising compliance with 672
Australia, Product Information (PI) 

568
contents 250
draft 225, 341
medical marketing 664
promotion, guidance for 684, 685

summary suspension of approval 486
sunitinib 274
sunset clause 388–389, 395

New Drug Application (NDA) 513
superiority trials 146, 212
Supplementary Protection Certifi cate 

(SPC) 438, 648–649
extension, paediatric investigation plan 

and 302
paediatric 442

supply chain
counterfeit medicines 601
vaccines 266

surfactant replacement therapy 295
surrogate endpoints 100, 109–110, 147–

149, 221
approaches using 192–193
biomarkers as 110, 147, 192–193

desired characteristics 148, 148
utility 148–149

cancer drug trials 282
for dose–response, fi rst-in-human 

trials 109–110, 110
generalisable to patient range 148
ICH guidance 221
large-scale pivotal phase III studies 

225
limitations/concerns 149
not predictive of clinical endpoint 149
time issues 193
utility 148–149
validation 193

suspected, meaning (SUSARs) 241
suspected serious adverse reaction 

(SSAR) 175
suspected unexpected adverse reactions 

(not serious), reporting EU 
(1995) 365

suspected unexpected serious adverse 
reactions (SUSARs) 175, 176, 
222, 351

expedited individualised case safety 
reports 243

reporting 241, 243
EU Clinical Trial Directive 351

suspension of clinical trials 350, 779
see also stopping (trials/studies)

Switzerland, CTD impact 453
syphilis, transmission 321
Syrian hamster embryo (SHE) 

transformation test 56
systematic reviews 205
systemic delivery of drugs 32–33

T
T-cell activation assays 75
T-cell epitope mapping 75
T-cell lymphoma 22
T lymphocytes (helper cells)

in HIV infection 13
T-helper 1 (Th1) cells 259, 260
T-helper 2 (Th2) cells 259, 260

tablet coatings 33, 37
tablet manufacture

direct compression process 37–38
dry/wet granulation 38

tacrine 15
tadalafi l (Cialis) 4

chemical structure 4
tafenoquine 21
talsaclidine 15
tamoxifen 273–274

aromatase inhibitors comparison 274
tamper-resistant packaging 476
target mediated drug disposition 

(TMDD) 136, 137, 138
‘target package insert’ 510
Target Product Profi le 34, 39, 83
targeted therapies, cancer 271–272
targets, drug development see therapeutic 

targets
tau protein 14, 15

phosphorylation reduction 15
TB Alliance 21, 742
technology appraisal, medical marketing 

667–668
technology transfer 23
TeGenero, study see TGN1412 (CD28 

antibody)
telaprevir 12
telavancin 22
templates, trial master fi les 158
teratogen(s) 58–59
teratogenicity 58–59

testing 325
thalidomide 323

see also thalidomide disaster
teratogenicity studies 59

evaluation of data 61
teriparatide 18
term infants 435–436, 437
terminal sterilisation 39, 40
tetanus, deterioration and death after 

treatment 204, 204, 205, 205
TGN1412 (CD28 antibody) 43, 78, 107, 

236
cautions required after 141
cytokine storm due to 67, 75, 96, 282, 

292
DoH enquiry 107
EMA guidelines after 76
Expert Scientifi c Group investigation 

140, 182
mechanism for adverse reaction 107
outcome 96
preclinical data falsely reassuring 282
starting dose 140
starting dose reassessed 75

thalidomide disaster 42, 78, 156, 323, 
363, 465

FDA and 363, 502
theft, incidents 2002–2010 602
therapeutic dose, adverse drug reactions 

relationship 96
therapeutic effi cacy working parties, 

European Medicines Agency 
(EMA) 375

therapeutic equivalence 121
therapeutic goods, defi nition in Australia 

555
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Therapeutic Goods Act (1989 Australia) 
554, 557, 558

processes 558
Therapeutic Goods Administration 

(TGA) 554, 561
activities/roles 554–555
adoption of EU guidelines 562
adverse drug reaction (ADR) 569, 570
adverse event reporting 570
Advisory Committee on Prescription 

Medicines (ACPM) 566–567
applications for registration 561–562

categories 562
assessment and monitoring 554
Australian Public Assessment Report 

(AusPAR) 567–568
clinical evaluation 566
confi dentiality of submissions 563
consumer medicine information 

(CMI) 569
counterfeit good and tampering 571
data exclusivity 564
data protection 563–564

amendments 564
evaluation

process 565–566
time-frames 556, 562–563

fee penalties 563
gene technology, products 570
Good Manufacturing Practice 565

inspections 565
harmonisation 569
human embryos/human embryonic 

stem cells (HESC) 570
marketing application decisions, 

appeals against 568
milestones 563
Offi ce of Medicines Authorisation 

(OMA), review 567
Orphan Drug Program 564
paediatric indications 569

incentives 569
pharmacovigilance, post-marketing 

569–570
post-ACPM and delegate’s decision 

567
pre-submission planning phase 566
prescription medicines, registration 

565
priority evaluations 564–565
product information (PI) 568–569

non-safety-related changes 568
safety-related changes 568
submission data 568–569

recalls 570–571
reform 584
registration 561–571

administrative requirements 562
applications 561–562
e-CTD 562

regulation 554
risk management 554
submission data, products 568
submission of new data 566

additional data 566
supplementary data 566

transparency 563, 570
therapeutic index 123

in exploratory development 83, 103
high, dose level 103
low, trials in renal impairment 152

therapeutic orphans 295
therapeutic protein see protein 

therapeutic agent
Therapeutic Substances Act (1925) 322
Therapeutic Substances Act (1937) 556

therapeutic targets 223
development plan preparation 

224–226
monoclonal antibodies advantages 

134
neglected tropical diseases 21
new molecular entities (NMEs) profi le 

83
off-target binding 9
selection/identifi cation 3, 9
validation 3

therapeutically equivalent generic drugs 
520

Therapeutics for Neglected and Rare 
Diseases (TRND) programme 
21

theriac 319, 320
Threshold of Toxicological Concern 

(TTC) 71
‘staged’ (generic) 71–72, 72

thrombopoietin receptor agonist 21
thymidine kinase (TK) 63
ticagrelor 16
time, drug discovery/development 4
‘time-dependent kinetics’ 108
time to maximum plasma concentration 

(tmax) 115.121
tissue cross-reactive study 74
tissue engineered products 431–432
tissue microarrays (TMAs) 45
tmax (time to maximum plasma 

concentration) 115, 121
TMC207 21
tolerability 96

fi rst-in-human trials 96–97
safety vs 97

tolerance
CNS drugs 108
defi nition 97

toll-like receptors (TLRs) 267
topical drug administration

carcinogenicity studies 57
preclinical safety testing 69

topical drugs, cutaneous toxicity 65
topical formulation 35
TOPS database 95
torsade de pointes (TdP) arrhythmia 51
total parenteral nutrition (TPN) 41
total quality management 183, 200
toxicity

cancer drugs, prediction 277
preclinical safety testing 42
‘show-stopping,’ screening for 47

toxicogenomics 43, 44–45
toxicology

before NME administration to humans 
87–88

preclinical testing 36
see also preclinical safety testing

toxicoproteomics 43, 45
toxoids, use for vaccines 254
trade marks 646, 647–648

Community Trade Mark (CTM) 
647–648

registration 647
Trade-Related Aspects of Intellectual 

Property Rights (TRIPS) 
734–735

compliance with 735
compulsory licensing 735
pipeline patents 735

training
basic life support 93
in full development plan 233
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