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1 Definition of GTMPs: ‘‘Gene therapy products consist of recombinant nucleic acids

administered to humans with a view to regulating, repairing, replacing, adding or deleting
a genetic sequence, and whereby its effect relates directly to the recombinant sequence or
the product of genetic expression of this sequence. Novel recombinant or vector-based
vaccines against infectious diseases are also specifically excluded from the definition of
gene therapy products’’ (Jekerle et al., 2010, p. 6).

2 Definition of cell therapy: ‘‘Cell therapy medicinal products contain or consist of
substantially manipulated cells and have properties for treating, preventing, or diagnosing
a disease through the pharmacological, immunological and metabolic action of the cells or
tissues’’ (Jekerle et al., 2010, p. 6).

3 Definition of tissue engineering products: ‘‘It should be noted that
intended action (i.e., treating, preventing or diagnosis a disease for cell therapy
products vs. regenerating, repairing, replacing a human tissue for tissue e
products) that will differentiate a cell therapy medicinal product from a tissue e
product’’ (Jekerle et al., 2010, p. 6).
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Advanced therapy medicinal products (ATMPs) are the cutting edge of drug innovation. ATMPs have different
challenges than other drug classes. To accommodate these challenges and facilitate science-driven develop-
ment, flexibility in the requirements to demonstrate the safety and efficacy of this rapidly evolving drug class
is necessary. To create flexibility, the European Union introduced the risk-based approach. This approach pro-
vides the possibility of omitting guideline-based studies based on risk analyses. To gain insight into the effect of
the risk-based approach on the non-clinical development of ATMPs, two questions are addressed in this paper.
Firstly, ‘‘Do companies use a risk-based approach for the non-clinical development of ATMPs?’’ and, secondly,
‘‘Does the Committee for Medicinal Products for Human Use (CHMP) of the European Medicines Agency (EMA)
accept non-clinical development programs based on the risk-based approach?’’ Scientific advice letters formu-
lated by the CHMP were analyzed. The risk-based approach was used to justify deviations from the guidelines in
the majority (75%) of the cases. The CHMP accepted 40% of the proposals to omit studies and stated that addi-
tional data was necessary to make an informed decision for 35% of the proposals. This indicates that the risk-
based approach facilitates the science-driven development of ATMPs.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction neering)3. These products have different characteristics than small
Advanced therapy medicinal products (ATMPs), the cutting
edge of drug innovation, hold promise to offer a cure for a variety
of diseases for which there are no satisfactory therapies, such as
cancer, inherited monogenic diseases, cardiovascular disease, Par-
kinson’s disease, diabetes and arthritis (Jekerle et al., 2010; Jilma,
2010; Klug et al., 2012; Maciulaitis et al., 2012; Schneider et al.,
2010; Vamvakas et al., 2011). ATMPs are diverse in nature, com-
prising gene therapy medicinal products (GTMPs)1 and cell-based
medicinal products (CBMPs) (including cell therapy2 and tissue engi-
molecule and biotechnology-derived drugs. These differences entail
that ATMPs also have a different risk profile and other challenges
for safety evaluations, such as the effects of ineffective integration
into to the patient’s body systems, cells and genes and immune re-
sponses. Moreover, some ATMPs can stimulate tumor growth (Mavi-
lio, 2012; Schneider et al., 2010).

To accommodate the development of this new class of pharma-
ceuticals, the European Union created regulation EC 1394/2007 on
ATMPs and revised Directive 2001/83 on the community code
relating to medicinal products for human use (Klug et al., 2012).
As a general principle, ATMPs have to fulfill the same scientific
and regulatory standards as other medicinal products (European
Union, 2001, 2007; Jekerle et al., 2010; Klug et al., 2012; Mavilio,
2012). Nevertheless, regulation EC 1394/2007 together with the
technical requirements contained in revised Annex I of Directive
2001/83/EC introduce specific requirements for ATMPs (European
Union, 2001; Klug et al., 2012). These specific requirements are
high level requirements because the type and amount of data nec-
essary to demonstrate the quality, safety and efficacy of diverse of
it is the
medicinal
ngineered
ngineered

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yrtph.2013.07.014&domain=pdf
http://dx.doi.org/10.1016/j.yrtph.2013.07.014
mailto:m.kooijman@uu.nl
http://dx.doi.org/10.1016/j.yrtph.2013.07.014
http://www.sciencedirect.com/science/journal/02732300
http://www.elsevier.com/locate/yrtph


222 M. Kooijman et al. / Regulatory Toxicology and Pharmacology 67 (2013) 221–225
ATMPs is highly specific (Jekerle et al., 2010). Sufficient flexibility
in the development of ATMPs is important to anticipate the rapid
evolution of science and technology in the field of ATMPs (Jekerle
et al., 2010; Schneider et al., 2010). The technical requirements
are therefore further explored in several class-specific guidelines
of the EMA (Jekerle et al., 2010; Schneider et al., 2010).

To create more flexibility, the legislation and guidelines con-
cerning ATMPs recommend companies to use a risk-based ap-
proach during development (European Medicines Agency, 2013;
Klug et al., 2012; Jekerle et al., 2010; Cohen-Haguenauer, 2013).
The EMA defined the risk-based approach as ‘‘a strategy aiming to
determine the extent of quality, non-clinical and clinical data to be in-
cluded in the Marketing Authorisation Application (MAA), in accor-
dance with the scientific guidelines relating to the quality, safety and
efficacy of medicinal products and to justify any deviation from tech-
nical requirement as defined in Annex I, part IV of Directive 2001/83/
EC’’ (European Medicines Agency, 2013, p. 4). The purpose of the
risk-based approach is to obtain a profile of the risks associated
with the use of a specific ATMP by identifying the various risks4

associated with the clinical use and the risk factors5 inherent to
the ATMP with respect to quality, safety and efficacy.

The risk-based approach is an ongoing process whereby the
manufacturer conducts risk analyses at the beginning and during
product development (European Medicines Agency, 2013; Jekerle
et al., 2010). The amount of data required for MAA depends on
the level of risk, state of knowledge about the product under devel-
opment and experience of the manufacturer with other ATMPs
(Cohen-Haguenauer, 2013). The final risk profile will take shape
as a result of the consolidation of the identified risk factors (Co-
hen-Haguenauer, 2013).

The purpose of the risk-based approach in the development of
ATMPs is to create a framework wherein it is encouraged to take
into account continuously evolving science and technology in or-
der to design a tailor-made ATMP development program. The ap-
proach aims to provide the possibility of moving away from
guideline-based ATMP development and to facilitate science-dri-
ven development strategies of ATMPs. The risk profile of an ATMP
can point out that some, requirements prescribed in the EMA
guidelines or in the Directive 2001/83/EC are redundant and that
other strategies are more relevant to establish the quality, safety
and efficacy of the product under study (European Medicines
Agency, 2013).

The aim of this paper was to study whether the risk-based ap-
proach facilitates science-driven non-clinical drug development.
To gain insight into the effect of the risk-based approach at the le-
vel of non-clinical development of ATMPs, two questions are ad-
dressed in this paper. Firstly, ‘‘Do companies use a risk-based
approach for the non-clinical development of ATMPs?’’ and, secondly,
‘‘Does the Committee for Medicinal Products for Human Use (CHMP) of
the EMA accept non-clinical development programs based on the risk-
based approach?’’

Only three ATMPs have received market approval in the EU.
This sample is too limited for an analysis of the drug registration
dossiers of those ATMPs. We therefore analyzed the scientific ad-
vice letters formulated by the CHMP in order to gain insight into
the use and acceptance of the risk-based approach for the non-clin-
ical development of currently developed ATMPs. Companies can
4 The EMA defines risks as ‘‘potential unfavourable effect that can be attributed to the
clinical use of ATMP and is of concern to the patient and/or to other populations (e.g.
caregivers and offspring)’’ (European Medicines Agency, 2013, p. 4). Examples of risks
are: unwanted immunogenicity, disease transmission, tumor formation and treat-
ment failure.

5 The EMA defines risk factors as ‘‘qualitative or quantitative characteristic that
contributes to a specific risk following the handling and/or administration of an ATMP’’
(European Medicines Agency, 2013, p. 4). Risk factors are associated with the nature
of the product, biodistribution and manufacturing issues.
apply for scientific advice of the CHMP at every stage of product
development. In their scientific advice request, companies can pose
questions related to quality, non-clinical and clinical development.
The Scientific Advice Working Party of the(SAWP) answers the
questions in close consultation with relevant working parties such
as the Committee for Advanced Therapies (CAT), the Biologics
Working Party (BWP) and the Safety Working Party (SWP) and pre-
pares a scientific advice letter including the background on the dis-
ease and the product provided by the company, the questions
posed by the company and the answers formulated by the SAWP
and adopted by the CHMP. The questions posed by the manufac-
tures indicate if and how often manufacturers use a risk-based ap-
proach. The answer provides insight into if and how often the
CHMP accepts non-clinical development programs using the risk-
based approach.
2. Methodology

The scientific advice letters of the CHMP concerning ATMPs be-
tween 2009 and 2012 were accessed at the Dutch Medicines Eval-
uation Board. The letters wherein the applicant sought advice
about non-clinical development were selected for this analysis.
The questions in the section ‘‘Questions on Toxico-Pharmacological
Development’’ were used to evaluate whether companies proposed
non-clinical development programs using a risk-based approach.
The answers to these questions were used to assess to what extent
the CHMP accepts innovative risk-based non-clinical programs for
ATMP.

The aim of the risk-based approach is to determine the extent of
data necessary for a marketing application and to justify any devi-
ation from the requirements. Questions that could be related to
deviating from the standard requirements were included and
attributed to the following categories: (1) questions that proposed
to do no animal studies; (2) questions that proposed to do one or
two animal studies; (3) questions that proposed to not do re-
peat-dose toxicity studies in animals (4) questions that proposed
to not do carcinogenicity studies in animals and (5) questions that
proposed to not do reproduction toxicity studies in animals. These
categories were selected because using a risk-based approach to
justify the omission of chronic animal studies is most interesting
since these studies are the most time-consuming and expensive
of the regulatory required studies. Questions which could not be
related to these categories were excluded. To determine whether
companies used the risk-based approach to justify omitting a
study, the line of argumentation used by the manufacturer was
analyzed. The line of argumentation to not conduct animal studies
was classified as (1) based on a risk analysis when companies ar-
gued that based on current knowledge and/or available data, the
study would be redundant, (2) not based on a risk analysis when
companies used no argument or other arguments, for example that
the study was not feasible.

To evaluate whether the CHMP endorses risk-based non-clinical
programs for ATMP, the answers of the CHMP to the questions
classified as risk-based were analyzed and referred to the following
categories: (1) proposal not accepted, (2) more information is nec-
essary to confirm the provided line of argumentation, (3) proposal
accepted and (4) no answer. The ATMPs and manufacturers were
anonymized.
3. Results

Between 2009 and 2012, pharmaceutical companies requested
scientific advice 80 times for 66 different ATMPs of the CHMP.
The scientific advice letters concerned 48 CBMP and 18 GTMP. Fifty
letters (for 48 different products) included questions related to



Table 1
Overview of advice.

Issues discussed in scientific advice letters

Non-clinical 9
Non-clinical and quality 7
Non-clinical and clinical 5
Non-clinical, quality and clinical 29
Quality 5
Quality and clinical 4
Clinical 21
Total 80
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non-clinical development, 59 letters included questions related to
clinical development and 45 included questions related to quality
control (see Table 1).

Of the 50 scientific advice letters including questions related to
non-clinical development, advice was requested for the non-clini-
cal development of 14 GTMPs and 34 CBMPs (follow-up advice was
requested for two CBMPs) (Table 2). This corresponds with earlier
findings that three-quarters of the ATMPs under development are
CBMPs (Maciulaitis et al., 2012). Sixteen products of these 50 were
designated as an Orphan Medicinal Product. Eight advice letters
concerned ATMPs developed by big pharmaceutical companies
(in the top 100 based on total sales in 2011). The other 42 ATMPs
were developed by other companies. This result supports the con-
clusion of Maciulaitis et al. that ‘‘the vast majority of stakeholders
developing ATMPs are academic institutions, charities, SMEs, or other
small companies’’ (Maciulaitis et al., 2012, p. 479).

In the fifty scientific advice letters related to the non-clinical
development of ATMPs, companies proposed to deviate from the
standard requirements in 29 scientific advice letters (60%). In these
29 letters 48 proposals to omit animal studies were done (Table 3).
Six times companies proposed to do no (2) or only a few animal
tests (4). In the other letters companies proposed to omit specific
animal studies: repeat-dose toxicity testing (10), aspects of carcin-
ogenicity testing (15) or aspects of reproductive toxicity testing
(17).

3.1. No animal studies

Companies proposed to not conduct animal tests for two
ATMPs. The companies argued that, due to a lack of adequate ani-
mal models, it was not relevant to do animal studies. In both cases,
the CHMP agreed with the company’s opinion that animal tests
were not relevant. In one of these cases, the availability of ‘‘clinical
use for over 10 years (more than 200 patients treated) without any
serious events being reported’’ was decisive ‘‘to support the safety of
the product and that no additional animal experiments are called for’’.

3.2. Few animal studies

Performing only a few animal studies for the non-clinical devel-
opment of ATMP was proposed for four products. In two cases, the
companies argued that additional relevant animal studies were not
possible due to the nature of the product. In one of these cases, the
CHMP was not convinced by the argumentation that no other rel-
evant studies were possible and stated that the company ‘‘should
justify their approach not to perform further studies using an animal
equivalent’’. In the other case, the CHMP agreed with the proposed
approach but argued that if (non)clinical data raised concerns, a
homologous animal model might become necessary.

In the other two scientific advice letters, the companies rea-
soned that the available clinical data in combination with the
non-clinical pharmacology study made additional animal studies
redundant. The CHMP agreed that no dedicated toxicology studies
were necessary, but the CHMP encouraged one company to add
toxicological endpoints to the planned non-clinical pharmacology
study.

3.3. No repeat-dose toxicity studies in animals

Ten pharmaceutical companies proposed to do no repeat-dose
toxicity studies in animals. For eight ATMPs, multiple administra-
tions in human patients were not anticipated, and the pharmaceu-
tical companies therefore argued that there would be no need for
repeat-dose toxicity studies. In six cases, the CHMP did not re-
spond, while in two cases, the CHMP explicitly agreed that con-
ducting a repeat-dose study would not be relevant. In one case,
the company did not provide a rationale to omit repeat-dose toxic-
ity testing. The CHMP emphasized in its answer to this company
that a repeat-dose study would be necessary if readministration
was anticipated in patients. In one case, the company argued that
it would not be possible to assess repeat-dose toxicity because no
relevant animal model was available. The CHMP did not agree with
the company and advised the company to conduct repeat-dose
toxicity studies in minipigs with a homologous product.

3.4. No carcinogenicity studies in animals

In fifteen scientific advice requests, the applicant proposed
omitting carcinogenicity studies in animals. Thirteen times, com-
panies argued that based on the available data from in vitro or ani-
mal studies, it was concluded that the risk of carcinogenicity was
negligible. In two requests, the companies also added that there
was no animal model available to conduct carcinogenicity studies.
In three cases, the CHMP advised companies to conduct additional
(in vitro or in vivo) carcinogenicity tests to exclude potential risks.
The CHMP concluded that more information was necessary to
make an informed judgment in five cases. The CHMP agreed with
the proposal in six cases. In four cases, the CHMP had the view that
sufficient knowledge was available about the carcinogenic poten-
tial of the ATMP. In one case, the CHMP agreed with omitting the
test because the product was developed for a life-threatening
and debilitating disease, but added that carcinogenicity ‘‘may gain
higher importance if the therapy is successful’’.In the sixth case, the
CHMP agreed with the omission of an animal study because ‘‘at
present no applicable in vivo test system exists’’. One company pro-
posed omitting carcinogenicity testing but provided no argument.
The CHMP advised the company to gather more information to in-
crease the understanding about the potential carcinogenicity risk
of the ATMP. Another company argued that carcinogenicity testing
was not feasible. The CHMP did not agree with this company and
advised the company to gain more knowledge about the carcino-
genic potential of the ATMP because that knowledge is warranted
to assess the benefit/risk ratio.

3.5. No reproductive toxicity studies animals

In seventeen scientific advice requests, companies proposed
omitting reproductive toxicity studies in animals. In two cases,
the scientific advice letter did not describe any argumentation to
justify omitting reproductive toxicity studies in animals provided
by the manufacturer. Nevertheless, the CHMP responded to one
proposal by stating that more supporting evidence was necessary
to judge whether the proposal would be acceptable for marketing
authorization.

Only one manufacturer also used the lack of an animal model as
an argument to omit reproductive toxicity studies in animals. The
CHMP did not agree with this proposal because they held the opin-
ion that the clinical data were too limited and that a relevant ani-
mal model was available. In the remaining advice letters, the
manufacturers used the risk-based approach to support their



Table 2
Overview of scientific advice letters wherein non-clinical development was discussed.

Product class Orphan drug status

CBMP (follow-up (FU) advice) GTMP Total (FU advice) Yes (FU advice) No (FU advice)

2009 8 2 10 4 6
2010 6 (1) 6 12 (1) 4 8 (1)
2011 9 4 13 5 8
2012 11 (1) 2 13 (1) 4 (1) 10
Total 34 (2) 14 48 (2) 16 (1) 32 (1)

Table 3
Overview of companies requesting to deviate from standard requirements.

ATMP No
animal
studies

Few
animal
studies

No
repeatdose
toxicity
studies

No
carcinogenicity
studies

No
reproductive
toxicity
studies

Total

1 1 1 1 3
2 1 1 2
3 1 1
4 1 1 2
5 1 1 2
6 1 1
7 1 1 2
8 1 1 2
9 1 1
10 1 1
11 1 1
12 1 1 1 3
13 1 1 2
14 1 1
15 1 1
16 1 1
17 1 1
18 1 1
19 1 1
20 1 1
21 1 1
22 1 1 1 3
23 1 1
24 1 1 2
25 1 1
26 1 1 1 3
27 1 1 2
28 1 1 1 3
29 1 1 2
Total 2 4 10 15 17 48
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proposed development program. These manufacturers argued that
the risk of reproductive toxicity was negligible (based on the de-
sign of the product, based on the target population and/or because
clinical data were available) and/or that reproductive toxicity stud-
ies in animals were only necessary when the results of biodistribu-
tion studies provided reasons for concern. The CHMP did not give a
reply in one case. In four scientific advice letters, the CHMP agreed
with the approach proposed by the manufacturer, while in eight
cases the CHMP stated that more testing or information was neces-
sary to judge whether animal studies could be omitted. The CHMP
disagreed once with the line of argumentation of the company and
advised conducting reproductive toxicity testing.

3.6. Application and acceptance of the risk-based approach

Of the 48 proposals of ATMP developing companies to deviate
from the standard requirements and omit animal studies, compa-
nies used the argument that no relevant animal model was avail-
able ten times (including five times in combination with
arguments that the concerned risk was negligible) (Table 4).The
analysis showed that 75% of the proposals (36) to omit non-clinical
studies were based on arguments that it was not necessary to con-
duct the specific test because the risks (for the target population)
were assumed to be negligible.

Fourteen proposals were accepted by the CHMP and in thirteen
cases the CHMP stated that additional data was necessary to make
an informed decision (Table 5). The CHMP only rejected two pro-
posals to omit animal studies. They rejected two proposals because
they did not agree with the line of argumentation provided by the
manufacturer. In both cases, the CHMP considered the animal
study necessary to learn more about the potential risk.
4. Discussion

In this study, scientific advice letters were analyzed to study
whether the risk-based approach facilitates science-driven non-
clinical drug development. The advantage of using scientific advice
letters is that they reflect the current practices and discussions. The
disadvantages of using scientific advice letters is that (i) not all
companies request scientific advice at the CHMP during the devel-
opment of ATMPs and (ii) the discussed non-clinical drug develop-
ment strategies in the scientific advice letters are only proposals
and it is unknown whether these proposals will be carried out until
the company submits the Marketing Authorisation Application
(MAA).

Firstly, requesting scientific advice from the CHMP is optional in
the drug development process. Only a portion of the companies
developing ATMPs apply for scientific advice. The sample used in
this study is likely biased toward complex ATMPs with specific
challenges in non-clinical drug development or toward companies
aspiring to deviate from the standard requirements. Therefore, this
analysis only confirms the use of the risk-based approach in
designing the development program of ATMPs and it does not pro-
vide information about the extent of the use of the risk-based
approach.

Secondly, the development plans proposed by the companies in
the scientific advice request might be adapted or completely re-
vised over time. Thus, companies can aspire to apply a risk-based
approach at the stage of the scientific advice request, but they
can forgo this approach during development. Only when the com-
panies submit the MAA, analyses of the drug registration files will
reveal whether the company actually applied a risk-based ap-
proach. A follow-up study making use of drug registration files
should be done to confirm the results of this study.
5. Conclusion

To accommodate the development of ATMPs and to facilitate
the design of a science-driven development program for ATMPs,
the CHMP recommends companies to use a risk-based approach.
To gain insight into the effect of the risk-based approach on the
non-clinical development of ATMPs two questions were addressed
in this paper. Firstly ‘‘Do companies use a risk-based approach in the
development of ATMPs?’’ and, secondly, ‘‘Does the Committee for
Medicinal Products for Human Use (CHMP) of the EMA accept non-
clinical development programs based on the risk-based approach?’’



Table 4
Overview of argumentation to omit animal studies.

No animal
studies

Few animal
studies

No repeat-dose toxicity
studies

No carcinogenicity
studies

No reproductive
toxicity studies

Total %

Based on risk analyses
Not necessary 0 2 8 7 14 31 65
Not possible and not necessary 2 0 0 3 0 5 10

Not based on risk analyses
Not possible 0 2 1 1 1 5 10
No argument 0 0 1 4 2 7 15

Table 5
Classification categories for the answers of the CHMP.

No animal
studies

Few animal
studies

No repeat dose
toxicity studies

No carcinogenicity
studies

No reproductive
toxicity studies

Total

Proposal not accepted 1 1 2
More information is necessary to confirm the provided

line of argumentation
5 8 13

Proposal accepted 2 2 2 4 4 14
No response 6 1 7
Total 2 2 8 11 14 36
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Interestingly, the risk-based approach was used to justify devi-
ations from the standard requirements in the majority (75%) of the
proposals. This indicates that companies use the risk-based ap-
proach in the development of ATMPs. However, scientific advice
for the non-clinical development was requested fifty times, but
only 29 times (60%) companies proposed to deviate from the stan-
dard requirements using a risk-based approach. This result indi-
cates that the manufacturers that apply for scientific advice
generally do risk analyses and use the risk-based approach as an
opportunity to deviate from the requirements as prescribed in An-
nex I of Directive 2001/83 and the guidelines. However, there is
room for broader use of the risk-based approach in the develop-
ment of ATMPs.

The CHMP accepted 40% of the proposals directly, while for 35%
of the proposals, the CHMP stated in their responses that addi-
tional data is necessary to make an informed decision about omit-
ting a specific study. The CHMP rejected only two proposals to omit
animal studies. These findings indicate that application of the risk-
based approach for the design of the non-clinical development of
ATMPs results in acceptable proposals for the CHMP.
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