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 Introduction

This chapter describes the process of bringing radiopharma-
ceuticals from preclinical to first-in-man studies, specifically 
the first application of a new radiopharmaceutical in an 
imaging study in humans aiming to demonstrate the poten-
tial of the radiotracer to image a specific molecular target. 
This translational trajectory  – often called moving “from 
bench to bedside” – includes several steps that require atten-
tion to specific regulations. As these regulations differ 
throughout the world, we will focus on the current situation 
in Europe. This chapter will focus on the philosophy devel-
oped in the European Union by European agencies and asso-
ciations – e.g. the European Medicines Agency (EMA) and 
the European Pharmacopoeia (Ph. Eur.) – as well as societies 
such as the European Association of Nuclear Medicine 
(EANM).

As the first-in-man administration of a new radiopharma-
ceutical may hold safety risks for the volunteer, information 
derived from preclinical data regarding the toxicity, radiation 
dosimetry, product quality, and imaging potential of the 
radiopharmaceutical need to be available before human 
administration. All of this information is collected in an 
Investigational Medicinal Product Dossier (IMPD), and each 
of these topics will be discussed in more detail in this chap-
ter. See Table 1 for references to legal binding documents, 
guidelines, and recommendations; see Table 2 for definitions 
of pertinent terms.

 Investigational Medicinal Product  
Dossier (IMPD)

The European Union (EU) has produced a specific legisla-
tive framework for the use of radiopharmaceuticals in clini-
cal trials. The preparation of an Investigational Medicinal 
Product Dossier (or IMPD) as part of the clinical trial appli-
cation process is an essential step and is required by 
Regulation 536/2014 (“The Clinical Trials Regulation”). 
However, there are situations in which a simplified IMPD 
will be sufficient. A simplified IMPD may be submitted if 
information has been assessed previously as part of a market-
ing authorization in any Member State or a clinical trial 
under a competent authority (http://www.imp-dossier.eu/). 
The IMPD should include all the necessary information 
related to the chemical and pharmaceutical quality of the 
drug and product substances, as well as non-clinical data 
related to pharmacology, pharmacokinetics, radiation dosim-
etry, and toxicology. Of course, both a description of the 
clinical trial and a risk assessment must be included as well.

The format of the IMPD is described by the European 
Medicines Agency (EMA) “Guideline on the requirements 
to the chemical and pharmaceutical quality documentation 
concerning Investigational Medicinal Product in clinical tri-
als” (Fig. 1). IMPD1 contains two main sections related to 
the production of the radiopharmaceutical: the “Drug 
Substance” (the active pharmaceutical ingredient, or API, the 
S-section) and the “Drug Product” (or finished product, 
described in the P-section). These parts are further divided 
into subsections that address more detailed topics, such as 
chemical information on the new entity, batch production 
and analysis, analytical methods, release criteria, etc. With 
respect to the documentation required during a marketing 
authorization application (MAA), information included in 
the IMPD should particularly focus on the risk aspects of the 
radiopharmaceutical (such as a justification of its use as well 
as data on toxicity and radiation dosimetry).

In the case of most PET radiotracers, the drug substance 
is not isolated and characterized during the preparation of the 
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radiopharmaceutical, especially when the process is continu-
ous and automated. Therefore, in the proposed guidelines, 
information in various 2.2.1.S subsections is not necessary, 
and the required details can instead be provided in the cor-
responding 2.2.1.P subsections [EANM guideline for the 
preparation of an Investigational Medicinal Product Dossier 
(IMPD)].

 Toxicity Issues/Dosimetry

Information on toxicity as an indicator of the safety of the 
IMP should be included in the IMPD as part of the non- 
clinical pharmacology section. As the requirements for tox-
icity are addressed in a variable way within Europe, a 
position paper has been published by the Radiopharmacy 
Committee of the EANM addressing toxicology studies for 
new diagnostic and therapeutic radiopharmaceuticals [1]. 
This paper excludes endogenous and ubiquitous substances 
in human such as radiolabeled amino acids, as they are pres-
ent in the body anyway and no toxicity studies would there-
fore be required.

To better understand how to address different points of 
view regarding toxicity, two distinct scenarios are recog-
nized with respect to the reaction of a radionuclide with a 
non-radioactive precursor:

 Scenario #1

The radiolabeling reaction of the radionuclide with a chem-
ical precursor proceeds quantitatively. Therefore, no purifi-

cation is required to separate the product and the unreacted 
radionuclide. In these cases, the precursor is typically used 
in a large molar excess over the radionuclide (e.g. the 
 complexation of a radiometal by a chelator-bearing bio-
molecule). As a result, all components – including the pre-
cursor (or precursor hydrolysis product) and the resulting 
radiopharmaceutical active ingredient  – are injected into 
the patient. In this case, the precursor or precursor hydroly-
sis product should be subjected to preclinical toxicity 
studies.

 Scenario #2

The radiolabeling reaction of the radionuclide with a chemi-
cal precursor does not proceed quantitatively. In this sce-
nario, purification is required to separate the desired 
radioactive compound from the reaction mixture, including 
the unreacted radionuclide and the precursor. In this case, the 
molecule containing a stable isotope of the intended radioac-
tive nuclide should be used (e.g. 19F instead of 18F) for toxic-
ity testing.

Based on the above scenarios and taking into consider-
ation the generally accepted toxicity guidelines, the EANM 
has described a new approach for the assessment of toxicol-
ogy based upon three distinct toxicological limits: (1) 
<1.5 μg, (2) <100 μg, and (3) >100 μg.

 Less Than 1.5 μg

The <1.5 μg limit is based on the Threshold of Toxicological 
Concern (TTC) concept. A TTC value of 1.5 μg/day intake of 
a genotoxic impurity is considered to be associated with an 
acceptable risk – excess cancer risk of <1 in 100,000 over a 
lifetime – for most pharmaceuticals. Based on case-by-case 
judgments for radiopharmaceuticals applied in amounts of 
<1.5 μg per dose, it can be considered that no toxicology 
tests are needed. However, a risk assessment on potential 
toxicity should be included. This risk assessment of potential 
toxicity may be performed by in silico screening and (quan-
titative) structure-activity relationship (Q)SAR.  For radio-
pharmaceuticals, doses of <1.5 μg can be achieved when the 
radiotracer is produced with high molar activity. For exam-
ple, in the case of a 250 MBq dose of a radiopharmaceutical 
with a molecular weight of 300 and a molar activity of 
50,000 GBq/mmol, only 1.5 μg of tracer is actually injected. 
In light of the fact that next-generation cameras are much 
more sensitive – and therefore require fewer MBq of activ-
ity – this dosage of <1.5 μg will be much easier to achieve in 
the future.

INVESTIGATIONAL MEDICINAL
PRODUCT DOSSIER: (IMPD 1)

INVESTIGATIONAL MEDICINAL
PRODUCT DOSSIER: (IMPD 2)

INVESTIGATIONAL MEDICINAL
PRODUCT DOSSIER: (IMPD 3)

Clinical Data

Non Clinical Pharmacology and Toxicology Data

Chemical and pharmaceutical quality

Fig. 1 Schematic template displaying the main sections of an 
Investigational Medicinal Product Dossier (IMPD)

I. Peñuelas and P. H. Elsinga
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 Less Than 100 μg

In this case, we are dealing with the so-called microdosing 
concept, and the “Note for guidance on non-clinical safety 
studies for the conduct of human clinical trials and market-
ing authorization for pharmaceuticals” (CPMP/ICH/286/95) 
can be applied. Typically, a 100-fold larger dose than the 
clinical dose is tested in 30 rodents. More specifically, ten 
animals/sex are examined on the day following the injection, 
and five animals/sex are examined after 14 days (via hema-
tology, clinical chemistry, necropsy, and histopathology). 
Subsequently, allometric scaling should be applied to trans-
late from animal to human doses. It is important to note that 
at present, in  vivo toxicology tests must be performed in 
compliance with GLP standards. Alternatively, the 1000-fold 
scaling is mentioned in the same guideline and may be fol-
lowed if allometric scaling is not used. Both approaches can 
be used and may be subject to negotiation with the appropri-
ate authorities.

One major limitation of this microdosing approach is that 
it does not take into account that pharmacological and toxi-
cological effects are usually not determined by the mass but 
the molar amount administered. As a result, the toxicological 
effects of larger molecules such as proteins or peptides can 
be underestimated. In light of this, in the case of larger mol-
ecules such as proteins, the FDA’s “Guidance for Industry, 
Investigators, and Reviewers: Exploratory IND Studies” sets 
the limit to <30 nmoles.

To reduce time-consuming and costly toxicity studies, 
biodistribution data (often including imaging) from preclini-
cal studies can be used to assess toxicity as well. These stud-
ies give detailed quantitative data on the accumulation of the 
drug in tissues and its elimination via excretion pathways. 
Based on these in  vivo data, extended single dose toxicity 
studies can be focused primarily on risk organs and tissues. 
Such arguments must be made on a case-by-case basis, and 
the rationale for this approach must be described in detail in 
the application process.

 More Than 100 μg

Dosages of more than 100 μg of a substance may be required 
for imaging with radiolabeled peptides, proteins, or antibod-
ies or for therapeutic applications. Under these circum-
stances, masses in excess of 100 μg are used because cold 
peptide/protein has been added to the formulated radiophar-
maceutical to modify the biodistribution (e.g. to uptake in 
organs such as the liver). In this case, the “Note for guidance 
on non-clinical safety studies for the conduct of human clini-
cal trials and marketing authorization for pharmaceuticals” 
(CPMP/ICH/286/95) can also be applied. An extended single 
dose toxicity study should be done in both a rodent and 

 non- rodent species, as well as a test for genotoxicity (usually 
an Ames test). Apart from following the current guidelines, it 
is also necessary to perform a risk assessment for each com-
pound in order to evaluate which toxicological studies are 
needed and/or useful. Therefore, a scientific advice meeting 
with the appropriate authorities can be very helpful before 
starting expensive toxicity studies.

 Radiation Dosimetry

Before conducting a study in humans, an estimate of the 
radiation dosimetry of the radiotracer is required. The 
intended radiation dose to a patient should always be justi-
fied and is a requirement by the local/national authorities in 
the application for the clinical trial. Generally speaking, the 
radiation dose can be estimated from animal biodistribution 
data using OLINDA software and then later confirmed in 
humans. This can be performed using imaging in nonhuman 
primates or via multi-timepoint biodistribution studies in 
rodents in conjunction with a Medical Internal Radiation 
Dose (MIRD) system for calculations. A dose equation con-
sisting of biological and physical parameters is proposed by 
MIRD.  The biological parameters are determined by the 
time that the radioactivity spends in each organ and the phys-
iological effects of the decay of the radiopharmaceutical. 
Therefore, knowledge of the distribution of the radioactivity 
within the body is required, data which can be obtained by 
extrapolation from preclinical experiments, external mea-
surements with a PET or a SPECT camera, and estimations 
using compartmental models or measurements of excretory 
fluids. The physical parameters depend on the nature of the 
radiation, the absorption characteristics, and the anatomical 
model. The nuclear characteristics of any radionuclide can 
be found in MIRD radionuclide data as well as decay 
schemes published by the Society of Nuclear Medicine in 
1989. In addition, source/target organ configurations, 
absorbed fractions, and S-values can be found in MIRD 
pamphlets.

The guidelines of the International Commission on 
Radiological Protection (ICRP 62) are adapted to estimate 
the risks and consequences of radiation doses received by 
patients. Several risk categories are defined. The radiation 
dose of all radiopharmaceuticals falls within categories IIb 
and III. The ICRP has described these categories as follows:

 Category IIb: Effective Dose Range  
1–10 mSv (Adults)

This category involves risks to the irradiated individual of 
the order of 1  in 10,000. The degree of benefit to society 
from studies in this category should be “moderate”; the 
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 benefit would be expected to be “aimed directly at the diag-
nosis, cure, or prevention of disease.”

 Category III: Effective Doses Greater Than 
10 mSv (Adults)

Here, the risks to the irradiated individual are estimated at 
greater than one in a thousand. This is a moderate risk for a 
single exposure but might be considered as verging on the 
unacceptable for continued or repeated exposures. To justify 
investigations in this category, the benefit would have to be 
“substantial and usually directly related to the saving of life 
or the prevention or mitigation of serious disease.” Doses 
should be kept below the threshold for deterministic effects 
unless these are necessary for the therapeutic effect.

In practice, the radiation dose to a patient should be kept 
as low as reasonable achievable (the ALARA principle). The 
next-generation PET and SPECT cameras are significantly 
more sensitive than the currently used instruments, so in the 
future, lower amounts of radioactivity can be administered to 
humans.

 Preclinical Requirements

Data from preclinical studies should be collected in order to 
assess whether the new radiopharmaceutical performs 
according to the expectations. The results from these studies 
need to be summarized in the IMPD. The following preclini-
cal data illustrate that the interaction of the radiopharmaceu-
tical with the intended target is the major driver of uptake 
and thus contributes to the justification for using a new radio-
pharmaceutical in humans:

• Plasma and metabolic stability
• Affinity for the target
• Ex vivo biodistribution data obtained in appropriate ani-

mal models
• Calculations of non-specific and non-saturable binding
• Imaging data obtained in appropriate animal models
• Pharmacokinetic data obtained in appropriate animal 

models
• Non-clinical pharmacology
• Toxicity (discussed above)
• Radiation dosimetry (discussed above)

With respect to the first item on the list, the stability of a 
radiopharmaceutical is important because the overly rapid 
breakdown of the radiotracer can prevent its interaction with 
the intended target. Furthermore, a fundamental understand-
ing of the metabolic fate of a radiopharmaceutical can be 
extraordinarily helpful in assessing its in vivo performance. 

For example, it is crucial to know whether the radiolabeled 
metabolites of the parent tracer have binding affinity for the 
same target as the intact radiopharmaceutical. In addition, 
the non-specific uptake of metabolites in the tissue of inter-
est can cause confounding results. Knowledge of the iden-
tity of metabolites can also help determine the optimal 
radiolabeling position in the molecule. Ideally, the radiola-
bel should be excreted rapidly upon metabolic breakdown. 
Along these lines, it is advisable to perform metabolite stud-
ies with cold reference material in human liver microsomes 
to assess the metabolic stability of the radiopharmaceutical 
and the chemical identity of potential metabolites. 
Information on metabolic stability can be obtained from 
biodistribution studies.

The affinity of a radiopharmaceutical for its target is also 
a critical parameter. A radiotracer is often chemically modi-
fied after radiolabeling, especially in the case of labeling 
with 18F or radiometals. As a result, it is important to test the 
affinity of the new molecular entity for its target. Affinities 
are usually determined by competition assays for interaction 
with the target (e.g. receptors, transporters, enzymes). Of 
course, the radiopharmaceutical must have sufficient affinity 
to ensure contrast with its surrounding tissue. As uptake and 
contrast are also determined by the expression levels of the 
target, the ratio between the density of the target and the 
affinity of the radiotracer should be assessed. In the case of 
receptor-targeted radiopharmaceuticals, the ratio Bmax/KD can 
be used and should be larger than 4 and preferably >10.

Tissue uptake data obtained either from imaging or bio-
distribution experiments can provide information on several 
of the in  vivo characteristics of the radiopharmaceutical, 
including its uptake in target-rich tissues (specific binding), 
uptake in target-negative tissues (non-specific binding), 
excretion pathways, and pharmacokinetics. Critically, ani-
mal welfare legislation should also be followed when obtain-
ing preclinical biodistribution and/or imaging data. This 
legislation is based on the 3R approach – replacement, reduc-
tion, and refinement – and should therefore include a justifi-
cation for the selected animal model, a justification of the 
required number of animals for the study, and an evaluation 
of alternative approaches which could yield comparable 
information. The European legislation describing the protec-
tion of animals with respect to scientific research is Directive 
2010/63.

Generally speaking, it is recommended to first use healthy 
mice or rats to investigate the pharmacokinetic profile, excre-
tion profile, and non-specific uptake of a radiopharmaceuti-
cal. To further test the specificity and selectivity of a 
radiotracer, the following experiments could be employed:

• The use of animal models with increased expression of 
the target, most commonly disease models such as tumor- 
bearing animals (though many animal models are 

I. Peñuelas and P. H. Elsinga



613

 available for cardiovascular, brain, and inflammation 
research as well)

• The use of knockout mice
• Blockade experiments based on the co-administration of a 

known competitive ligand or substrate
• Displacement studies based on the administration of a 

competitive ligand or substrate in the equilibration phase

 Relevant Clinical Data

All available clinical information on the radiopharmaceuti-
cal and/or its non-radioactive reference counterpart should 
be collected in the IMPD as it might be useful to assess its 
safety. This includes information on absorption, distribution, 
metabolism, and excretion (ADME). Available clinical data 
and information on the investigated patient groups, related 
drugs/radiopharmaceuticals, adverse events, and radiation 
dosimetry in combination with other exposures in the study 
(i.e. CT or other radiopharmaceuticals) should be included 
as well.

 Regulations for the Production 
of a Radiopharmaceutical

When bringing a novel radiopharmaceutical into the clinic, 
specific requirements for its production must be considered. 
According to European regulations, a radiopharmaceutical is 
“Any medicinal product which, when ready for use, contains 
one or more radionuclides (radioactive isotopes) included for 
a medicinal purpose” (Art. 1.6 Directive 2001/83/EC). Since 
it is a medicinal product, a radiopharmaceutical must comply 
with all the requirements for such products, though specific 
considerations exist in relation to radiopharmaceuticals due 
to their unique traits. Namely, they are radioactive products, 
and the radiation dose to the patient must hence always be 
considered. Furthermore, their radioactive nature means that 
their composition is not constant (due to radioactive decay) 
and that their preparation process has some peculiarities that 
we shall discuss in more detail below.

The manufacturing or importation of medicinal prod-
ucts – including investigational medicinal products – is sub-
ject to a manufacturing or import authorization. The holder 
of such an authorization is obliged to comply with the prin-
ciples and guidelines of good manufacturing practice (GMP) 
for medicinal products and to use as starting materials only 
active substances (active pharmaceutical ingredients) that 
have been manufactured in accordance with GMP. The prin-
ciples and guidelines of GMP concerning medicinal prod-
ucts for human use and investigational medicinal products 
are in Commission Directive 2003/94/EC, the so-called 

GMP Directive. In addition, many detailed GMP guidelines 
from the European Medicines Agency (EMA) exist as well. 
Nonetheless, the special nature of radiopharmaceuticals has 
necessitated special provisions. One such special provision 
stems from the radioactive nature of radiopharmaceuticals, 
resulting in the fact that they are subject to both radiation 
protection legislation (designed for the protection of person-
nel) and GMP legislation (designed for the protection of the 
patient).

 Good Manufacturing Practices

Good manufacturing practices (GMP) are the basis for ensur-
ing that medicinal products are produced in such a way that 
it can be guaranteed that they are fit for their intended use, 
comply with the requirements of the marketing or clinical 
trial authorizations, and do not place patients at risk due to 
inadequate safety, quality, or efficacy. To achieve this quality 
objective reliably, there must be a comprehensively designed 
and correctly implemented pharmaceutical quality system 
that incorporates GMP and quality risk management (QRM). 
The pharmaceutical quality system involves quality manage-
ment, good manufacturing practice, quality control, product 
quality review, and quality risk management. Quality man-
agement  – in which good manufacturing practice is 
included – is a wide-ranging concept that covers all matters 
that individually or collectively influence the quality of a 
product. GMP is concerned with both production and quality 
control. In a GMP-based system, all processes are defined, 
systematically reviewed, and shown to be capable of consis-
tently providing medicinal products of the required quality 
and complying with their specifications. Validation is a cru-
cial part of GMP, meaning that all critical steps of manufac-
turing processes as well as significant changes to these 
processes are validated.

The scope of GMP includes the following aspects of the 
production of a medicinal product: the pharmaceutical qual-
ity system, personnel, premises and equipment, documenta-
tion, production, quality control, self-inspection, and 
outsourced activities. Complaints and product recalls must 
also be taken into account. Each of the aforementioned top-
ics is addressed in a specific chapter of the GMP guidelines 
(EudraLex Chap. 4). In addition, these guidelines also 
include several annexes that deal with specific topics related 
to GMP production. Of these, there are several that are espe-
cially important in the context of the production of radio-
pharmaceuticals for investigational purposes in humans: 
manufacture of radiopharmaceuticals (Annex 3), manufac-
ture of investigational medicinal products (Annex 13), man-
ufacture of sterile products (Annex 1), computerized systems 
(Annex 11), qualification and validation (Annex 15), and 
parametric release (Annex 17). These annexes are especially 

The Clinical Translation Process in Europe

https://doi.org/10.1007/978-3-319-98947-1_4


614

relevant because they address some of the unique aspects of 
the production of radiopharmaceuticals. For example, radio-
tracers are most often produced using computerized systems 
to ensure robustness and reproducibility and to provide radi-
ation protection for the operator. Furthermore, in many cases, 
due to the extremely short life of radiopharmaceuticals, not 
all of the quality controls of the final MP (i.e. sterility) can be 
finished before the radiopharmaceutical is released for 
human use. The application of GMP in the production of 
radiopharmaceuticals is intended to ensure not only that the 
subjects to whom these radiopharmaceuticals are adminis-
tered are not placed at risk but also that the results of the 
clinical trials are not compromised by inadequate safety, 
quality, or efficacy due to unsatisfactory manufacture. 
Notwithstanding the production of radiopharmaceuticals 
under GMP, in many cases  – especially in hospitals and 
academia- based radiopharmacies –radiopharmaceuticals are 
produced in accordance with an individual prescription for 
an individual patient or in accordance with a pharmacopoeia 
monograph. The preparation of such radiopharmaceuticals 
can be done under the provisions stated in Article 3.1 or 3.2 
of Directive 2001/83, that is, magistral or officinal prepara-
tions. Such preparations are considered out of the scope of 
the directive and regulated at the national level. This has led 
to substantial variations with respect to whether (or not) such 
an approach can be used for radiopharmaceuticals in differ-
ent EU countries. In principle, such a radiopharmaceutical 
could not be used in clinical trials according to the Clinical 
Trial Directive. However, the new Clinical Trial Regulation 
has an exception – Article 63.2 Regulation 536/2014 – for 
diagnostic radiopharmaceuticals used in clinical trials under 
some circumstances: diagnostic radiopharmaceuticals used 
as IMPs when the production process is carried out in hospi-
tals and when they are intended to be used exclusively in 
hospitals. In this case, there is no need for GMP production. 
This decision follows the spirit of “proportionate risk” in the 
new regulation and allows that in some specific cases, it 
should be possible to allow deviations from those rules in 
order to facilitate the conduct of a clinical trial. Therefore, 
the applicable rules should allow for some flexibility, pro-
vided that subject safety as well as the reliability and robust-
ness of the data in the clinical trial are not compromised.

We have recently seen two new relevant documents related 
with GMP, albeit both of them will only become applicable 
once the Clinical Trial regulation is applicable. Such docu-
ments are the new Regulation (EU) 2017/1569 specifying 
principles of and guidelines for good manufacturing practice 
for investigational medicinal products for human use and the 
new Directive (EU) 2017/1572 supplementing Directive 
2001/83/EC of the European Parliament and of the Council as 
regards the principles and guidelines of good manufacturing 
practice for medicinal products for human use.

Needless to say, GMP is not the only way to ensure the 
adequate quality of a medicinal product: rather, it is just one 

of the most widely used ways to do it. We should not forget 
that the implementation of strict GMP for the production of 
radiopharmaceuticals could (in many cases) introduce so 
many hurdles that the availability of critical radiotracers for 
trials is reduced. Yet still, GMP is intended to ensure that 
there is consistency between batches of the same investiga-
tional medicinal product used in the same or different clini-
cal trials and that changes during the development of an 
investigational medicinal product are adequately docu-
mented and justified.

 Validation

Validation is the act of proving that any procedure, process, 
equipment, material, activity, or system actually leads to the 
expected results, while qualification indicates the actions 
and operations aimed to demonstrate that a system or piece 
of equipment is properly installed, works correctly, and leads 
to the expected results. In any case, qualification may be con-
sidered a part of validation. General Principles on Validation 
and Qualification are outlined in Annex 15 of GMP, while 
the validation of analytical methods are outlined in the Note 
for Guidance on validation of analytical procedures: text and 
methodology [ICH Q(2) guideline]. In any case, both docu-
ments are very general, though radiopharmaceuticals require 
specific validation protocols because they are radioactive and 
their shelf life is often extremely short. When dealing with 
the production of radiopharmaceuticals, the proper qualifica-
tion of all equipment involved in production or QC is of the 
utmost importance. This would be the first step in the overall 
validation of the processes in which this equipment is used. 
When qualifying equipment used for the measurement of 
radioactivity, issues including the range of activity utilized, 
the energy and type of radiation used, and the efficiency of 
the detectors under each of these conditions must be 
considered.

The overall validation activities should be described in a 
general document – the validation master plan, VMP – that 
should not only detail a general validation policy with a 
description of the intended working methodology but also all 
of the issues related to the overall validation process. All 
validation activities must be extensively documented. Further 
information on the overall process can be found in an article 
by Todde et al. [2].

In addition, good laboratory practices (GLP) should be 
followed whenever possible, especially with respect to non- 
clinical pharmacology and toxicology data. The principles of 
GLP promote the quality and validity of data in the testing of 
chemicals and prevent fraudulent practices. In this way, 
requirements including organization, personnel, the integrity 
and traceability of quality management system data, inspec-
tions, archiving, the cross-contamination of data and materi-
als, the qualification and validation of equipment and 
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experimental methods, and the storage of materials must be 
considered.

 EU Regulation Related to Clinical Trials

The regulation of clinical trials in the EU has been ruled by 
Directive 2001/20/EC (the “Clinical Trial Directive”) and 
was concretized further by Directive 2005/28/EC (the “GCP 
Directive”), both of which lay down principles and detailed 
guidelines for good clinical practice (GCP). In addition, the 
preparation of medicinal products for clinical trials had to 
follow the principles established in Directive 2003/94/EC 
(the “GMP Directive”), as we have previously explained. 
However, because a directive needs transposition to the 
national legislation corpus of the different states in the EU, 
substantial differences in its practical implementation have 
emerged across Europe. Soon after its implementation in the 
practice of the Clinical Trial Directive, the negative effects 
that this regulation had on clinical research in Europe 
became evident. Patients and researchers from academia, 
foundations, hospitals, research networks, and industry 
alike criticized the directive mainly for its disproportion-
ately stringent regulatory requirements, the high costs asso-
ciated with satisfying these regulations, and the lack of 
harmonization of the applicable rules necessary for multina-
tional clinical trials.

The principal negative attributes of the CT Directive were 
(1) the legislative differences between different nations; (2) 
the obstacles to the conduct of clinical trials; (3) the signifi-
cant expense of the highly demanding regulatory require-
ments, irrespective of the level of risk of the trial; (4) the 
sluggish pace of the trial implementation process; and (5) the 
theoretically similar but practically different ethical and reg-
ulatory requirements between countries. Not surprisingly, 
this has led to a decrease in investigator-driven studies since 
its implementation.

Regulation 536/2014 (“The Clinical Trials Regulation”) 
was approved in April 2014 and replaced Directive 2001/20. 
However, the new regulation is not applicable yet. The main 
characteristics of the new regulation are (1) it repeals the 
Clinical Trial Directive; (2) as it needs no transposition and 
is enforceable “as is,” it ensures that the rules for conducting 
clinical trials are identical throughout Europe; (3) the new 
regulation is focused on patient safety and reasonable and 
proportionate risk assessment; (4) it facilitates multicenter 
transnational clinical trials; and (5) it established a stream-
lined application procedure that greatly simplifies the overall 
authorization procedures. In summary, the new procedures 
will ensure patient safety and public health, promote strict 
scientific and ethical reviews, avoid administrative delays, 
and encourage prompt answers for applicants.

For the specific case of radiopharmaceuticals, Regulation 
536/2014 introduces two very relevant changes that are 

exceptions to the general rules. First, it establishes that 
there is no need to hold an authorization for the preparation 
of radiopharmaceuticals used as diagnostic (not therapeu-
tic) IMPs under specific circumstances. And second, it 
establishes there is no need for the GMP production of 
these diagnostic radiopharmaceuticals, as the regulation 
itself allows for some flexibility provided that subject 
safety – as well as the reliability and robustness of the data 
generated in the clinical trial – is not compromised. As pre-
viously stated, while GMP are the most common way to 
ensure the quality of the products, we must emphasize that 
it is not the only method that can be used to ensure the 
 quality and safety of radiopharmaceuticals provided a suf-
ficiently robust pharmaceutical quality control system is 
implemented.

As a whole, the new CT Regulation establishes a new 
framework for clinical research in the EU. It tries to correct 
all of the problems and drawbacks that the old CT Directive 
generated and focuses on the protection of subjects involved 
in CTs using reasonable and proportionate risk assessment 
as well as the overall simplification of procedures. Regarding 
radiopharmaceuticals, very relevant changes have been 
introduced for diagnostic radiotracers that will hopefully 
make clinical research easier. Hopefully, all the changes 
introduced by the regulation will help increase and facilitate 
clinical research in the EU, not only for sponsored CTs but 
also for investigations promoted in the academia 
environment.

 Specifics for the Preparation and Use 
of Radiopharmaceuticals for Research 
Applications in Humans in Different EU 
Countries

Numerous differences exist among the different EU coun-
tries with respect to the use of novel radiopharmaceuticals in 
humans, mainly due to the fact that the currently available 
pan-European regulation for clinical trials is the CT Directive 
until the new CT Regulation becomes applicable (probably 
by 2018). In addition, the in-house preparation of radiophar-
maceuticals can be considered under the umbrella of “phar-
macy practice” in some countries, while this is not the case 
in others. This has led to significant heterogeneity and means 
that procedures that can be done in some countries cannot be 
done in the same way in others [3, 4].

 Guidelines and Guidance Documents

Apart from the aforementioned legislation, there are a good 
number of guidelines and guidance documents published by 
groups such as the European Medicines Agency (EMA) and 
the European Association of Nuclear Medicine. Guidelines 
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are not mandatory but rather are recommendations for the 
effective implementation of legislation; guidances are also 
recommendations, but in a more specific and detailed form.

Very recently, the Safety Working Party of the CHMP of 
EMA has recommended the issuing of a guidance on princi-
ples for the non-clinical development of radiopharmaceuti-
cals. As a preliminary step, a concept paper – Concept paper 
on the development of guidance on the non-clinical evalua-
tion of radiopharmaceuticals – has been open for public con-
sultation from August till October 2017. In principle, the 
Safety Working Party suggests that the paper should be based 
on current guidelines and the scientific review of the  different 
intended uses of both diagnostic and therapeutic 
radiopharmaceuticals.

The main documents of interest in this respect are:

• CHMP/SWP/28367/07: “Guideline on strategies to iden-
tify and mitigate risks for first-in-human clinical trials 
with investigational medicinal products” that covers non- 
clinical issues for consideration prior to the first adminis-
tration in humans as well as the design and conduct of 
trials in the initial phase of single and ascending doses 
during clinical development.

• CHMP/QWP/185401/2004: Guideline on the require-
ments for the chemical and pharmaceutical quality docu-
mentation concerning investigational medicinal products 
in clinical trials. This guideline addresses the documenta-
tion of the chemical and pharmaceutical quality of IMPs 
to be submitted to the competent authority for approval 
prior to beginning a clinical trial in humans.

• EMA/CHMP/QWP/834816/2015 (draft): Guideline on 
the requirements for the chemical and pharmaceutical 
quality documentation concerning investigational medici-
nal products in clinical trials. This guideline replaces the 
“Guideline on the requirements for the chemical and 
pharmaceutical quality documentation concerning inves-
tigational medicinal products in clinical trials” (CHMP/
QWP/185401/2004 final). This guideline addresses the 
documentation on the chemical and pharmaceutical qual-
ity of IMPs and AxMPs containing chemically defined 
drug substances, synthetic peptides, synthetic oligonucle-
otides, herbal substances, herbal preparations, and chemi-
cally defined radioactive/radiolabeled substances to be 
submitted to the competent authority for approval prior to 
beginning a clinical trial in humans.

• CHMP/BWP/534898/2008: Guideline on the require-
ments for quality documentation concerning biological 
investigational medicinal products in clinical trials  – 
this guideline addresses the specific documentation 
requirements on the biological, chemical, and pharma-
ceutical quality of IMPs containing biological/
biotechnology- derived substances. The guidance out-
lined in this document applies to proteins and polypep-

tides, their derivatives, and products of which they are 
components (e.g. conjugates) and thus includes radiola-
beled bioconjugates, although they are not even men-
tioned as such.

• EANM guideline for the preparation of an Investigational 
Medicinal Product Dossier (IMPD): This guideline aims 
to take radiopharmaceutical scientists through the practi-
calities of preparing an IMPD, in particular giving advice 
where the standard format is not suitable. Examples of 
generic IMPDs for three classes of radiopharmaceuticals 
are given: a small molecule, a kit-based diagnostic test, 
and a therapeutic radiopharmaceutical.

• EANM guideline to regulations for radiopharmaceuti-
cals in early phase clinical trials in the EU. The purpose 
of this guideline is to help investigators by giving an 
overview of relevant current EU requirements concern-
ing the quality of starting materials and final drug prod-
ucts (the radiopharmaceuticals) as well as the 
non-clinical safety studies and dosimetry considerations 
for designing a human clinical trial that includes the use 
of radiopharmaceuticals.

• EANM guidance on current good radiopharmacy practice 
(cGRPP) for the small-scale preparation of radiopharma-
ceuticals. This guidance is meant as a guidance to Part B 
of the EANM “Guidelines on Good Radiopharmacy 
Practice (GRPP)” issued by the Radiopharmacy 
Committee of the EANM (see www.eanm.org) and covers 
the small- scale, “in-house” preparation of radiopharma-
ceuticals which are not kit procedures. The aim is to pro-
vide more detailed and practice-oriented guidance to 
those who are involved in the small-scale preparation of 
PET, therapeutic, or other radiopharmaceuticals which 
are not intended for commercial purposes or distribution.

• EANM guidelines on current good radiopharmacy prac-
tice (cGRPP) in the preparation of radiopharmaceuticals. 
The preparation of radiopharmaceuticals for injection 
involves adherence to regulations on radiation protection 
as well as to appropriate rules of working under aseptic 
conditions, which are covered by these guidelines on 
good radiopharmacy practice (GRPP)

In addition – and to clarify and facilitate the implementa-
tion of Regulation (EU) No. 536/2014 – several recommen-
dation documents have recently been published in EudraLex 
Vol 10:

• Auxiliary medicinal products (AxMP) in clinical trials 
(June 2017). This is the previously named guidance on 
investigational medicinal products (IMPs) and “noninves-
tigational medicinal products” (NIMPs). This document 
includes as AxMP those PET radiopharmaceuticals 
administered to assess the effect of a new drug whose 
effects are the primary end point of a clinical trial.
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• Risk proportionate approaches in clinical trials (April 
2017). This document provides further information on how 
a risk proportionate approach can be implemented and also 
highlights the areas identified in the regulation that allow 
such adaptation. The aim of risk control is to determine 
whether the risk is acceptable and, if not, to reduce the risk 
to an acceptable level. For this purpose, predefined quality 
tolerance limits should be established. The main compo-
nents of risk control are risk mitigation, adaptation, and 
risk acceptance actions (including accountability).

To perform clinical trials, authorizations are required 
from the medicine agency, which can be the EMA, as well as 
national/local agencies. These agencies will ask for the 
IMPD and the Study Protocol (Fig. 2). In addition, authori-
zation is needed from the Ethics Committee requiring inves-
tigator brochures, and investigators will need to follow 
GCP. GCP is an international ethical and scientific quality 
standard for the design, conduct, recording, and reporting of 
clinical trials involving humans. The clinical trial should 
comply to provide public assurance that the rights, safety, 
and well-being of trial subjects are protected and that the 
quality and reliability of the data are secured. The key ele-
ments of the quality system include:

• The development, implementation, and maintenance of 
documented procedures

• The training of sponsor personnel as well as the personnel 
in affiliates, at partners, and at trial sites

• The validation of computerized systems
• The monitoring of trial sites and technical facilities on- 

site or by using centralized monitoring techniques
• The establishment of appropriate data management and 

quality control procedures
• The performance of internal and external audits by inde-

pendent auditors

Serious adverse events (SAEs) and suspected unex-
pected serious adverse reactions (SUSARs) must be doc-
umented and reported, as they can be the result of the 
administered radiopharmaceutical. Depending on the 
local situation, a pharmaco-vigilance document should 
be kept.

 The Future

We foresee the following developments affecting the produc-
tion of radiopharmaceuticals:

Increased Use of Radiotherapeutic Agents We believe that in 
the next few years, we will see an increase in the use of radio-
therapeutic agents, mainly radiopharmaceuticals labeled with 
alpha emitters. The use of these agents poses tremendous 
challenges during the development process due to their 
intended toxicity and the difficulties they present with respect 
to the evaluation of their safety. The new guideline on the 
non-clinical evaluation of radiopharmaceuticals – which will 
hopefully be published soon by the EMA – will help clarify 
the complex world that researchers are currently trying to 
navigate.

More Sensitive Cameras Technological advances in both 
PET and SPECT cameras will produce increased resolution 
and augmented sensitivity. This could provide more precise 
data for in vivo pharmacokinetics and biodistribution studies 
in phase 0 trials.

Trends in Legislation The implementation of the new 
Clinical Trial Regulation (hopefully during 2018) will 
likely boost academic research in the field of diagnostic 
radiopharmaceuticals given that the regulation, for the very 
first time, includes specific exemptions for diagnostic 

DOSSIERS

Agency for Nuclear SafetyEthical Committee
(Non-Clinical
Pharmacology and
Toxicology data)

European Medicine Agency
or National Agency
(IMPDs, Protocol)

Authorizations

Fig. 2 The authorizations 
required and parties involved 
in setting up a clinical trial
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radiopharmaceuticals (prepared and used under very spe-
cific circumstances).

Risk-Based Approaches to Mitigate Potential 
Dangers There is a growing trend of applying risk-based 
approaches rather than strict rules. This has been 
prompted by several factors, most notably (1) the fact 
that one-size-fits-all rules are detrimental to advancing 
the development of radiopharmaceuticals and decrease 
the number of clinical trials and (2) the increased aware-
ness by authorities of the specifics of the development of 
radiopharmaceuticals.

 The Bottom Line

• For investigational medicinal products (IMPs) used under 
the new Clinical Trial Regulation, GMP is no longer 
required.

• Risk assessment must be applied for the evaluation of the 
toxicity of new radiopharmaceuticals.

• More sensitive PET and SPECT cameras will result in 
reduced radiation burdens for patients as well as reduc-
tions in the amount of compound injected.

• The validation of production and analytical methods is a 
critical component of the synthesis of radiopharmaceuticals.
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