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The legal standards for the radioactive or non radioactive 
drugs research and approval in the European Community 
and in Germany after the thalidomide catastrophe*

Abstract
The drug thalidomide was contained in the blockbuster Contergan®, which has been used as a non-
prescription sedative drug and a potent treatment for occurring morning sickness in pregnant wom-
en during the 1950s and the early 1960s. This therapeutic use has led to one of the most prominent 
disasters in the history of drug development due to peripheral neuritis and malformations, e.g. phoc-
omelia, in babies whose mothers had taken thalidomide within their pregnancies. Moreover, this ca-
tastrophe initiated a change of paradigm in Germany as well as in Europe with regard to drug safety 
and the regulatory setting. This article describes the history of the use of thalidomide and the regula-
tory framework of drug approval at that time as well as changes after the Contergan® disaster includ-
ing considerations to radiopharmaceuticals. Additionally, aspects of drug safety in the different de-
velopment phases of pharmaceuticals as well as radiopharmaceuticals, i.e. pre-clinical and clinical 
phases, are characterised. However, many drugs have been withdrawn from the market after approv-
al due to changes with regard of their risk-benefit balance after the occurrence of adverse drug reac-
tions. Thus, pharmacovigilance activities are also mentioned in this review article. Last, obstacles and 
future perspectives in the arena of drug research and development also considering the use of radi-
opharmaceuticals are delineated. 
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Introduction

T he issue of this work is to describe the historical background of the Contergan® (a tha-
lidomide containing drug) disaster in the context of the existing regulatory framework 
at that time. Pre-clinical and clinical phases necessary for radioactive or non radioactive 

drug research will be described in detail. Furthermore, the undertaken activities which tend 
to ensure drug safety, in the different development stages of medicinal products as well as 
after market authorisation, will be discussed in general as well as in particular with regard to 
the special population of pregnant women and women with childbearing potential, amongst 
others. Moreover, currently occurring challenges and future perspectives will be described.

Historical background of the use of thalidomide
The drug thalidomide, a synthetic glutamic acid derivate, was synthesised in 1954 by Wilhelm 
Kunz, a pharmacist working at Chemie Grünenthal in Stolberg near Aachen/Germany [1]. The 
rationale for the drug development was an intended use for the treatment of epilepsy, but 
the drug lacked to show efficacy in this indication [2]. The results from animal toxicology 
studies in rodents were remarkable because the drug had been well tolerated and had not 
shown a lethal effect even in high doses, which has led to the conclusion that thalidomide 
was nontoxic and safe [3, 4]. These results had been confirmed by several clinical trials. Thus, 
the drug was introduced by Chemie Grünenthal as a safe non-barbiturate sedative and hyp-
notic drug and registered in June 1957 in Nordrhein-Westfalen, Germany. One month later, 
the manufacturing of thalidomide containing drug was approved by the local authority, the 
“Gesundheitsabteilung des Nordrhein-Westfälischen Innenministeriums” [4]. Additional to 
the above mentioned indication, Contergan® was very popular for the treatment of occurring 
morning sickness during pregnancy [5]. In the time from 1957 until 1961 thalidomide contain-
ing drugs were on the market in 46 countries and under 37 trade names [3]. 
 Contergan® was the most sold hypnotic drug in Germany in the year 1959 and account-
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2001/83/EC, which deals with the content of national proce-
dures of drug approval and pharmacovigilance requirements, 
amongst others [12], have been released by the EC. Important 
regulations are No 2309/93 [13] and EC/726/2004 [14], the last 
stipulates the centralised approval procedure, which is com-
pulsory for specific medicinal products, e.g. for gene therapy, 
somatic cell therapy and human tissue engineering, amongst 
others. Moreover, the European Agency for the Evaluation of 
Medicinal Products was renamed into European Medicines 
Agency (EMEA) representing the supranational competent au-
thority within Europe. The above mentioned directive 
2001/83/EC also applies for radiopharmaceuticals [12]. Howev-
er, beside the marketing approval by the competent authori-
ties, specific radiation protection regulations in each member 
state have to be considered, respectively. 
 The first German national drug law (GDL) was developed 
and came into force in August 1961 [15]. After the outcome of 
the Contergan® disaster, in 1964 changes in the GDL with cor-
rective actions regarding drug safety were established, e.g. da-
ta of pharmacological-toxicological studies as well as of ana-
lytical testing were required prior to registration. Further data 
of clinical trials were to be provided. All new drugs were auto-
matically prescription drugs for a time span of three years [16]. 
After 1978 it was obligatory to provide data for quality, safety 
and efficacy of medicinal products to the competent authori-
ty as precondition for obtaining an approval. The formal regis-
tration procedure was substituted by an approval procedure. 
Amongst others, further important aspects which were con-
sidered are the liability provisions for the manufacturer in case 
of health damages caused by a pharmaceutical and not at 
least the requirements in the area of pharmacovigilance, with 
the aim of monitoring medicinal product associated risks [17]. 
Fifteen amendments for improving this law have taken place. 
The last one recently came into effect in September 2009.

Aspects of drug safety during drug develop-
ment until market authorisation

Pre-clinical development phase

The pre-clinical drug development phase comprises the assess-
ment of pharmacodynamic and pharmacokinetic properties. 
as well as studies of single dose and repeated dose toxicity, re-
productive toxicity, genotoxicity, carcinogenicity, immunotox-
icity, local tolerance and environmental risk assessment of radi-
oactive and non-radioactive drugs. Pre-clinical radioactive 
studies have to be authorized according to local, country-spe-
cific regulations. The aim of this developmental stage is to ad-
dress potential safety issues prior to the start of the clinical de-
velopment phase including the collection of important data 
with regard to dose estimations for first trials in humans. These 
investigations are conducted in vivo in animals (rodents and 
non-rodents), as well as in-vitro by using cell and tissue assays 
[18]. The selection of appropriate animal models is crucial and 
has to be relevant to humans with regard to pharmacodynam-
ic, pharmacokinetic and toxicity mechanisms [19]. Commonly, 

ed for the half transaction volume of Chemie Grünenthal in 
the year 1960 [4] with a sales amount of 14.6 tons [5]. In the 
USA the approval for Kevadon, a thalidomide containing 
product was denied by the U.S. Food and Drug Administra-
tion (FDA) in 1960 because of concerns regarding drug safety, 
primarily due to the suspicion that thalidomid could cause 
peripheral neuritis [3, 4]. In May 1961 Contergan® was 
changed to a prescription drug [4].
 In the meantime thalidomide already had been consid-
ered to reveal a teratogenic potential [4]. In December 1961 
Chemie Grünenthal withdrew Contergan® from the market. 
The exact number of children who suffered from thalidomide 
induced malformations is unknown. Estimations range from 
about 8000 to 12.000 worldwide. The number of patients 
who suffered from-in part irreversible-neuropathy is estimat-
ed at about 40.000 [3].
 In 1965 thalidomide already experienced a renaissance as 
it was successfully used for the treatment of erythema nodo-
sum leprosum (ENL), a painful dermatologic complication of 
leprosy and is approved in the USA for the chronic treatment 
of ENL since 1998 [6]. Further, thalidomide has been and is 
currently investigated because of its various properties for 
the treatment of several other dermatological, neurological, 
inflammatory diseases and in particular of malignant diseases 
[7, 8] and has a market authorisation approved by the FDA 
since 2006 [2] as well as by the European Medicines Agency 
(EMEA) since 2008 [9] for the treatment of multiple myeloma 
in combination treatment with melphalan and prednisone/
dexamethasone. Moreover several derivates (so called immu-
no-modulatory substances, IMiDs®), e.g. modifications of the 
thalidomide molecule, have been synthesised and screened 
for potential applications [1].

Development of the regulatory framework. 
National regulatory activities and medicinal 
product approval in the European Communi-
ty and in Germany
Medicinal products had exclusively been produced by physi-
cians until the 13th century and after this time by pharmacists 
in retail pharmacies. In the 19th century the first pharmaceu-
tical companies arised, e.g. Merck in Darmstadt/Germany, 
Hoffman La Roche in Basel/Switzerland and others. By the 
formation of the chemical industry in Europe about 1860 the 
pharmaceutical industry also begun to arise, and today me-
dicinal products are mainly produced by pharmaceutical 
companies and only in exceptions by the pharmacies [10].
 All member-states of the European Community have a na-
tional system of regulation for pharmaceutical product ap-
proval which is in strongly influenced by European legislation. 
The European Commission (EC) can pass regulations which are 
generally binding as well as directives which have to be imple-
mented in national law within two years. Recent important di-
rectives such as the “Clinical Trial Directive”, 2001/20/EC, requir-
ing the implementation of the Good Clinical Practice princi-
ples (GCP) in the field of clinical research [11] or directive 
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 One can classify clinical studies either by the phase of the 
development stage (Phase I-most common type: human 
pharmacology study; Phase II- most typical type: therapeutic 
exploratory study; Phase III - most common: therapeutic con-
firmatory and Phase IV-most typical: therapeutic use) or by 
the study objectives. The latter possibility is preferred as one 
type of study can occur in several development stages. The 
different study types are briefly described in Table 1 adopted 
from the ICH Note for Guidance on general considerations for 
clinical trials together with examples in order to provide an 
overview of required information by the authorities for the 
marketing application of a medicinal product. 
 The types human pharmacology study, therapeutic ex-
ploratory and confirmatory studies are usually parts of the 
clinical development programmes prior to application for 
market approval. However, in exemptions the authority can 
demand further data from therapeutic use in case of concerns 
with regard to safety or efficacy of a medicinal product [28]. 

tests are performed in at least one rodent, generally mouse or rat, 
and in one non-rodent species, e.g. rabbit or dog. Nevertheless, 
sometimes the use of non-human primate models can be required 
due to physiological similarities, e.g. in the setting of preclinical 
development of monoclonal antibodies [20]. 
 Due to several factors, the results of animal studies can not 
always be applied for estimating the risks for human exposure. 
For example, differences in sensitivity between test animals 
and humans to specific enzyme inhibition or induction as well 
as distinctions in metabolism/biotransformation of drugs, e.g. 
occurrence of different metabolites in specific species, can be 
a reason for false results [21, 22]. Even if a unique human me-
tabolite is synthesised and administered exogenously to test 
animals, differences in pharmacokinetics in comparison with 
humans (i.e. in absorption, distribution, metabolism and excre-
tion) may lead to a decreased predictive value of the test re-
sults [23]. Moreover, sex-differences have been observed 
which can lead to different outcomes in toxicity testing. Toxic 
effects which are caused by a drug at high dos-
es in animals, will not necessarily lead to the 
same effects in humans at therapeutic doses 
[21]. Nevertheless, it is essential to apply toxi-
cokinetic parameters in order to evaluate sys-
temic exposure in relation to the administered 
dose to test animals [24].

Clinical phase

When a pharmaceutical product has successfully 
finished the pre-clinical development phase and 
the risk-benefit balance is considered as ade-
quate for testing the drug in humans, it enters 
the clinical phase.
 All clinical trials of radiopharmaceuticals 
and non-radiopharmaceuticals, respectively, 
have to be conducted in compliance with the 
principles of Good Clinical Practice (GCP) ac-
cording to the European Clinical Trial Directive 
[14]. These principles are described in the Note 
for Guidance on Good Clinical Practice by the 
International Conference on Harmonisation of 
Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH), topic E 
(efficacy), no. 6, which is an internationally ac-
cepted scientific standard for designing, con-
ducting, recording and reporting clinical trials. 
Good Clinical Practice has its origins in the Dec-
laration of Helsinki which is common standard 
for safeguarding the rights and the well-being 
of subjects participating in clinical trials [25]. In 
addition, several other ICH guidelines reflect 
the current standards in the area of clinical re-
search, e.g. ICH topic E3 - Structure and Con-
tent of Clinical Study Reports [26] or ICH topic 
E2A - Clinical Safety Data Management: Defini-
tions and Standards for Expedited Reporting 
[27], amongst many others.

Table 1. An approach to classifying clinical studies according to objective 
(adapted from [28]

Type of study Objectives of study Study examples

Human 
pharmacology

Assess tolerance

Define/describe PK1 and PD2

Explore drug metabolism and 
drug interactions

Estimate activity

Dose-tolerance studies

Single and multiple dose PK and/or 
PD studies

Drug interaction studies

Therapeutic 
exploratory

Explore use for the targeted in-
dication

Estimate dosage for subse-
quent studies

Provide basis for confirmatory 
study design, endpoints, meth-
odologies

Earliest trials of relatively short du-
ration in well- defined narrow pa-
tient populations, using surrogate 
or pharmacological endpoints or 
clinical measures

Dose-response exploration studies

Therapeutic 
confirmatory

Demonstrate/confirm efficacy

Establish safety profile

Provide an adequate basis for 
assessing the benefit/risk rela-
tionship to support licensing

Establish dose-response rela-
tionship

Adequate, and well controlled 
studies to establish efficacy

Randomised parallel dose re-
sponse studies

Clinical safety studies

Studies of mortality/ morbidity 
outcomes

Large simple trials

Comparative studies

Therapeutic use

Refine understanding of bene-
fit/risk relationship in general or 
special populations and/or en-
vironments

Identify less common adverse 
reactions

Refine dosing recommendation

Comparative effectiveness studies

Studies of mortality/morbidity out-
comes

Studies of additional endpoints

Large simple trials

Pharmacoeconomic studies

1Pharmacokinetics 2Pharmacodynamics
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EMEA is responsible for coordinating pharmacovigilance ac-
tivities for all member states.
 The marketing authorisation holders of medicinal prod-
ucts have to designate a qualified person pharmacovigilance 
(QPPV) who resides in the EU and is responsible for all issues 
related to the collection, recording and reporting of informa-
tion regarding the risk benefit evaluation of an approved me-
dicinal product [32]. According to Eudralex Volume 9A, a 
guideline which was developed by the EC in 2008 and to the 
stipulations of the above mentioned directive and regulation, 
a comprehensive description of the established pharma-
covigilance system, e.g. written procedures for expedited re-
porting, used databases including validation, availability of 
QPPV, amongst many other details, and if necessary one of 
the planned risk management system has to be included in 
any application for medicinal product approval [33].

Post marketing surveillance

A sponsor (an individual, company, institution, or organization 
which takes responsibility for the initiation, management, and/
or financing of a clinical trial) [25] or a MAH is generally re-
quired to maintain a system which contains detailed records 
of all suspected adverse drug reactions reported worldwide in 
the context of clinical trials as well as after marketing authori-
sation [32]. These have to be reported in defined regular inter-
vals, in so called periodic safety update reports (PSUR) to the 
authorities, as well as in cases of suspected unexpected seri-
ous adverse reactions (SUSAR) by expedited reporting within 
15 days or in case of death within 7 days, respectively. Further-
more, PSURs have to be submitted to the authorities immedi-
ately on request [12, 14]. Spontaneous reporting is the primary 
method of collection post-marketing information of drug safe-
ty. Criticism about spontaneous reporting addresses the ten-
dency of selective as well as underreporting because of occur-
ring selection bias by the healthcare providers [29].

Risk management

If requested, applications for marketing authorisation must in-
clude a detailed description of a risk management system which 
will be introduced by the MAH. This information has to be sub-
mitted in the form of an EU Risk Management Plan (EU-RMP) 
within the application documents to the authority [15, 17]. 
 Components of an EU-RMP are a safety specification, 
which should be a summary of the important identified risks 
of a medicinal product, and a pharmacovigilance plan, which 
is based on the safety specification as recommended by the 
ICH E2E topic Pharmacovigilance Planning [33] as well as an 
analysis of the need of risk minimisation activities [32].
 Examples for applications which have to include an EU-
RMP are new chemical entity containing medicinal products, 
biosimilars and amongst others, generic medicinal products 
where safety concerns are known for the reference products 
which necessitate risk minimisation activities. These activities 
are to be submitted in a risk minimisation plan. Risk minimisa-
tion activities can be divided in those which achieve risk mini-
misation by providing information and education and in oth-
ers which control the use of a drug. Thus, provision of infor-

 A detailed discussion of the different study types would 
exceed the limits of this work but it can be summarized that 
the clinical development program of a pharmaceutical has to 
be designed in order to examine essential information re-
garding safety, e.g. mortality, morbidity, adverse events relat-
ed to the investigational medicinal product, drug interac-
tions, and efficacy in comparison to standard therapies and/
or placebo and the resulting study reports are accurately re-
viewed by the authorities within the approval procedure. 

Radiopharmaceuticals and GCP

Unlike a non-radioactive drug, radiopharmaceuticals consist 
of a drug part and a radionuclide part. All pharmaceuticals 
must be prepared under good manufacturing practice (GMP) 
conditions, but special care has to be taken into account for 
the radiopharmaceuticals comprising clean room environt-
mental requirements, specially trained personnel require-
ments, quality control, dosimetry, and nuclear medicine 
equipment. In addition, country-specific radiation protection 
laws and guidelines have to be addressed both in clinical use 
and especially in the research setting. In Germany the Bunde-
samt für Strahlenschutz (BfS) is the competent authority for 
approval of clinical research with radiopharmaceuticals. 

The challenge and rationale of pharmacovigi-
lance
Many drugs have been withdrawn from the market after the 
occurrence of serious unexpected adverse drug reactions. Well 
known examples are the cyclooxygenase-II-inhibitors, most 
notably rofecoxib (Vioxx®), which had been associated with an 
increased incidence of cardiovascular complications [29]. 
 Drug related risks can often not be detected during the 
clinical development phase as the number of patients treated 
under the conditions of clinical trials is usually too small and 
the duration of drug exposure insufficiently long for detect-
ing rarely occurring adverse events [30, 31] or because these 
adverse events show a long latency [29].
 In addition, the results of randomised clinical trials lack 
when they are applied on patients in clinical practice because 
multiple factors intervene, e.g. co-morbidity, other concomi-
tant drugs and therapies, drug to drug, or drug to food inter-
actions, amongst others. Pharmacovigilance, according to the 
World Health Organisation (WHO), is defined as “the science 
and activities relating to the detection, assessment, under-
standing and prevention of adverse effects or any other med-
icine-related problem” [29, 30].
 According to Directive 2001/83/EC [12], implementation of 
pharmacovigilance systems is required in each EU member 
state on a national level. In Germany, according to §63 of the 
German Drug Law [17], an administrative regulation called 
“Stufenplan” governs the collection and reporting of suspect-
ed adverse drug reactions and assigns responsibilities to the 
local as well as to the national authorities, to the sponsors/
Marketing Authorization Holders (MAH) and the health care 
professionals, respectively. Supranational within the Europe-
an Community, according to Regulation EC/726/2004, the 
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label-use”, which means that a prescribed product is not ap-
proved for the particular disease or population [37]. 
 There is a need for accurate and evaluable information 
about gestational timing of pregnancy and medicinal prod-
uct administration. Furthermore, the dose as well as the dos-
ing intervals which cause adverse effects leading to harm of 
the foetus or the child have to be known, in order to make es-
timations of the dose-response relationship possible, i.e. pa-
rameters like the “no observed adverse effect level” (NOAEL) 
or the “lowest observed adverse effect level” (LOAEL). 
 These parameters have to be regarded with caution due 
to the fact that often remarkable pharmacokinetic inter-indi-
vidual variances can occur, which means that the same expo-
sure of a drug can lead to differences in absorption, distribu-
tion, metabolism and excretion of the active ingredient. The 
consequence can be increased or decreased plasma levels of 
active drugs or metabolites, respectively.
 However, information about NOAEL and LOAEL of a drug 
can give some evidence about dose-response relationships 
[38].
 Additional to pregnant women, children and the elderly 
are also populations, in which age dependant variabilities 
with regard to pharmacokinetics of administered drugs can 
lead to changes in adverse drug reaction patterns [39].

Sources of information. Pre-authorisation studies

In clinical trials which include women with childbearing po-
tential, unintentional pregnancies may occur. In such cases, 
data of exposure and outcome of the pregnancies should be 
collected. Furthermore, in cases of necessary treatments due 
to underlying diseases in pregnant women, the characterisa-
tion of pharmacokinetic variables as well as the outcome of 
pregnancies should be regularly reported [36].

Post-authorisation data: Spontaneous reports of 
pregnancy exposure

Spontaneous reports are the most common source of post-
authorisation data about exposure to medicinal products 
during pregnancy and represent a necessary tool. MAH are 
required to follow up all reports from health care profession-
al, about the use of their products during pregnancy [36].
 Several registries are used in order to accumulate expo-
sure and outcome data for both, mother and foetus. Birth de-
fect registries are population based for children born with 
congenital abnormalities and represent the basis for research 
on birth defects. Pregnancy registries are tools for the assess-
ment of drug safety during pregnancy [36]. Teratology Infor-
mation Services (TIS) are advisory centres and are commonly 
organised in collaborations, e.g. European Network of Tera-
tology Information Services (ENTIS) or Organization of Tera-
tology Information Services (OTIS) in the USA, respectively. 
Additionally, these centres are active in recruitment of preg-
nant women who can be included in pregnancy registries 
and conduct pharmacoepidemiological research.
 Data provided by registries can be combined/linked with 
each other in order to investigate special causal relations in 

mation, educational material, legal status of a medicinal prod-
uct, restricted access programmes and others can contribute 
to a decreased risk [31]. Excellent examples of risk minimisa-
tion activities are the programmes “System for thalidomide 
education prescribing and safety” (S.T.E.P.S.) and the adaption 
of Pharmion “Pharmion Risk Management Programme” 
(PRMP) implemented by Celgene and Phamion, two compa-
nies which distribute thalidomide containing products. These 
programmes comprise educational activities, e.g. informed 
consent procedure, information about risks, as well as restric-
tive activities, e.g. registration of both, physician and patient, 
conduct of pregnancy tests and restricted availability only in 
registered pharmacies, amongst others. Thus, high-level in-
formation about potential teratogenic effects and controlled 
access of the drug shall prevent any foetal exposure which 
could lead to malformations in newborn children [34].

Post approval research

Post authorisation safety studies (PASS) are defined as “a 
pharmacoepidemiological study or a clinical trial carried out 
in accordance with the terms of the marketing authorisation, 
conducted with the aim of identifying or quantifying a safety 
hazard relating to an authorised medicinal product” [12]. The 
competent authorities can require PASS as a commitment of 
the MAH at the time of marketing approval or in the post ap-
proval phase as an integral part of the EU-RMP [31].

Risk assessment of drug use in pregnancy 
and considerations for special populations

General considerations

In particular, pregnant women do represent a kind of “orphan 
population” with regard to the use of medicinal products due 
to lacking information of drug safety in pregnancy. Preclinical 
toxicology data are not completely predictive for humans, in 
particular with regard to pregnant women and foetal expo-
sure [35]. However, at the time of marketing approval, these 
data are virtually the only source of information regarding the 
evaluation of reproductive risk for a medicinal product. Preg-
nant women must be excluded from participation in clinical 
trials because of ethical considerations, i.e. treatment with 
drugs which can affect the well being of the mother as well as 
the foetus is not ethically justifiable and clinical studies with 
radiopharmaceuticals in pregnant subjects should be avoided 
in any means. Exceptionally, clinical trials with products which 
are specifically intended for use in pregnancy, i.e. folinic acid 
containing products, can be conducted in pregnant women. 
Thus, women with childbearing potential who participate in 
clinical trials generally have to use effective contraception 
methods [36]. Most medicinal products are contraindicated 
per label for use during pregnancy. However, pregnant wom-
en often coercively need medication in case of existing diseas-
es, e.g. epilepsy, asthma, infectious diseases, diabetes, thyroid 
diseases, amongst others. In other cases women are not aware 
of their pregnancies at the time of drug exposure. The use of 
medicinal products during pregnancy often happens as “off-
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as radiopharmaceutical therapies in drug development, in 
particular in early phases, is called Clinical Technologies Im-
plementation (CTI) and can contribute to a better under-
standing of drug characteristics and safety patterns. The idea 
is a more comprehensive investigation of a drug in this early 
stage of development programmes in contrast to late clinical 
phases. Thus, a more efficient input of resources regarding 
time and money can be achieved [47]. 
 In reviewing the above the legal framework of drug regula-
tion and approval has been transformed until today in a con-
sequent manner. 
 Drug development with its several phases tends to accu-
mulate information about the quality, efficacy and safety of a 
product before approval by the authorities in order to pre-
vent the incidence of drug catastrophes as the Contergan® 
example in the past. Moreover, a comprehensive pharma-
covigilance system targets to provide safety and quality relat-
ed issues of medicinal products after market authorisation. It 
is common knowledge that the content of information about 
a drug is incomplete at the time of approval. 
 Particular populations such as pregnant women as well as 
children and the elderly have to be considered more with re-
gard to inclusion in clinical research. Thus, comprehensive da-
ta of drug exposure will be available with the aim of a better 
predictability of drug safety in specific groups of the popula-
tion. For this purpose, if a participation in clinical trials is not 
feasible due to ethical considerations, pharmacoepidemio-
logical research has to be applied.
 Unfortunately, the pharmaceutical industry sometimes 
lacks to transform advances in research into new, innovative 
and safe products. The reasons for that are the insufficiency 
and/or the tentative acceptance of new, validated biomarkers 
and surrogate parameters. In the USA as well as in Europe pri-
vate and public initiatives in collaboration are established, 
which aim to develop new ideas in research and develop-
ment which are able to reduce costs and resources while im-
proving the predictability of risk-benefit-balance of a product 
in early phases. 
 The enhanced use of radiopharmaceuticals in the area of 
Clinical Technologies Implementation (CTI), e.g. functional im-
aging in proof-of-concept as well as in dose finding studies, 
can lead efficiently to a comprehensive characterisation of 
drugs including radiopharmaceuticals in early phases.
 In conclusion, the national german as well as the suprana-
tional setting for drug approval has rapidly changed after the 
thalidomide disaster and today drug safety is a crucial aspect 
in all development phases, i.e. pre-clinical and clinical phase, 
of a medicinal product including radiopharmaceuticals as 
well as after the marketing authorisation in the challenging 
area of pharmacovigilance. Furthermore, special populations 
as pregnant women, children and the elderly have to be con-
sidered in this context. However, there are obstacles in the ar-
ea of research and development which may lead to stagna-
tion in the development of innovative medicinal products 
and which have been addressed by initiatives in the USA as 
well as in Europe.

subsequent times [30], e.g. cross-linking exposure data with 
later available information.
 A harmonisation of standard formats for electronic spon-
taneous reports is highly recommended [40], as it facilitates 
record-linking and the use of provided data in an increased 
number of registries and thus, allows better pharmacoepide-
miological research.

Obstacles in pharmaceutical research and 
development and various related initiatives 
The comprehensive legal stipulations and guidances in the 
area of drug development and approval tend to ensure safe 
and effective medicinal products for disease treatment. Inno-
vations, i.e. drugs addressing new targets or have an ad-
vanced risk-benefit profile in comparison with already availa-
ble products, should be developed. However, many pharma-
ceutical development programmes are aborted, often in late 
clinical phases, due to lacking efficacy or occurring toxicity is-
sues [41-43]. A recent example beside the prominent TeGene-
ro disaster is the attrition of the drug torcetrapib, an inhibitior 
of cholesteryl ester transfer protein (CETP), which has led to 
acute increases of blood pressure and following deaths with-
in the Investigation of Lipid Level Management to Under-
stand its Impact in Atherosclerotic Events (ILLUMINATE) trial, a 
phase-III trial comparing the efficacy of torcetrapib with 
torcetrapib in addition to atorvastatin [44].
 Thus, there is a need to use the increased knowledge and 
advances in pharmacokinetics, genomics, functional imaging 
techniques, and others for the validation and implementation 
of new biomarkers as surrogate end-points [41]. The U.S. Food 
and Drug Administration (FDA) proactively released a report 
with the title “Innovation or Stagnation, Challenge and Op-
portunity on the Critical Path to New Medical Products” in the 
year 2004 and later amended the so called “Critical Path Op-
portunity List” with planned activities in six broad areas: a) Bi-
omarker development, b) Streamlining clinical trials, c) Bioin-
formatics, d) Manufacturing, e) Antibiotics and countermeas-
ures to combat infection, f) Developing therapies for children 
and adolescents [42].
 Analogously to the U.S. approach, in Europe the publica-
tion “Joint Undertaking for the Implementation of the Joint 
Technology Initiative on Innovative Medicines” was released in 
the Official Journal in February 2008 and was initiated by the 
European Federation of Pharmaceutical Industries and Associa-
tions (EFPIA) and the EC with the aim to encourage safety and 
efficacy of medicinal products as well as knowledge manage-
ment and education in research and development [45].
 As a consequence, many initiatives have been established 
in collaborations by several stakeholders in research and de-
velopment, e.g. pharmaceutical industry, university research 
groups, authorities with the aim to develop new ideas in re-
search and development, reducing costs and resources while 
improving the predictability of risk-benefit-balance of a prod-
uct in early phases [46].
 The integration of functional imaging techniques as well 
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