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Aims: For new medicines, drug companies obtain regulatory approval on the strategy
to generate evidence in the paediatric population, which can be supported by extrap-
olation of evidence obtained in a reference population. This study investigated
whether paediatric marketing authorization applications (PMAAs) supported by
extrapolation based on exposure-matching were more successful—i.e. approval of
the targeted paediatric population—and efficient—i.e. duration of the drug
development—compared to PMAAs not supported by extrapolation.

Methods: Data was extracted from completed paediatric investigation plans (PIPs),
associated drug labels and public assessment reports published on the European
Medicines Agency website. Assessment reports were evaluated to assess whether
PMAAs were supported by extrapolation based on exposure-matching. Wilcoxon
rank-sum tests were used to compare PMAAs supported and not supported by
extrapolation based on exposure-matching for outcomes of interest.

Results: Exposure-matching supported the benefit/risk assessment of 39.6% of the
PMAAs. Targeted and approved minimum age of the paediatric population were
comparable for PMAAs where extrapolation based on exposure-matching supported
the benefit/risk assessment (2.0 vs. 2.0 years, P-value = .72), but not for PMAAs not
supported by extrapolation (0.2 years vs. 0.5 years, P-value = .05). Completion of
drug development was 5.4 years vs. 4.3 years (P =.04) in PMAAs supported by
extrapolation based on exposure-matching compared to those not supported by
extrapolation, respectively.

Conclusions: PMAAs supported by extrapolation based on exposure-matching suc-
ceeded more often in obtaining marketing approval in the targeted paediatric popula-

tion than PMAAs not supported by exposure-matching, but were also less efficient.

KEYWORDS
drug development, extrapolation, paediatric medicine, pharmacometrics, regulatory science

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2025 The Author(s). British Journal of Clinical Pharmacology published by John Wiley & Sons Ltd on behalf of British Pharmacological Society.

1500 wileyonlinelibrary.com/journal/bcp

Br J Clin Pharmacol. 2025;91:1500-1510.


https://orcid.org/0000-0003-3616-5539
https://orcid.org/0000-0001-7253-3998
mailto:p.j.colin@umcg.nl
https://doi.org/10.1111/bcp.16395
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/bcp

SIMONS ET AL

1 | INTRODUCTION
Upon marketing authorization application, drug companies are required
to provide evidence to regulatory authorities that demonstrates
whether a new medicinal product can be considered effective, safe and
of good quality. Generation of evidence in the paediatric population is
often hampered by difficulties in conducting clinical trials.® For example,
paediatric clinical trials face ethical challenges, a diverse population,
therefore requiring a larger sample size to demonstrate therapeutic
benefit, a limited number of validated clinical endpoints and a limited
possibility to collect biological specimens.? Generation of evidence in
the paediatric population to a similar extent as the adult population is
therefore often unrealistic. Consequently, obtaining marketing authori-
zation in the paediatric population is more difficult and off-label use of
medicines in this population remains high.3~>

In the European Union (EU), the paediatric regulation (Regulation
1901/2006 and 1902/2006) aims to reduce off-label use in the paedi-
atric population by requiring drug companies to submit a paediatric
investigation plan (PIP) before approval of the adult indication can be
obtained.® In a PIP, drug companies propose a strategy to generate
sufficient evidence to assess whether a medicinal product can be con-
sidered effective, safe and of good quality in the targeted paediatric
population.® The PIP needs to be agreed upon by the paediatric com-
mittee (PDCO) of the European Medicines Agency (EMA). Results of
studies described in the agreed PIP need to be included in marketing
authorization applications for new medicinal products but also exten-
sion of indications of existing medicinal products unless a deferral
(i.e., delay in initiation or completion of drug development programme)
or a waiver (i.e., lack of requirement to study a [part of the] paediatric
population) is granted.” A drug company can apply for marketing
authorization in the targeted paediatric population when sufficient
evidence is generated. Following a marketing authorization application
by a drug company, the Committee for Medicinal Products for Human
Use (CHMP) will assess whether the medicinal product is of good
quality and whether the benefits of the medicinal product outweigh
the risks in the targeted population. If so, marketing authorization is
granted. The quality and benefit/risk assessment of the CHMP is pub-
lished upon marketing authorization in public assessment reports.

Evidence generation in the targeted paediatric population can be
supported by extrapolation of evidence that has already been obtained
in a reference population (e.g., adult population with same disease or
paediatric population with different disease).®” This concept is known
as paediatric extrapolation. As reflected in regulatory guidance docu-
ments, extrapolation of efficacy can be limited to generation of evi-
dence that demonstrates similar drug exposure in the paediatric target
and reference population, when the mechanistic basis of the disease,
exposure-response relationships and treatment effects in the target
and reference populations are expected to be similar.2? In this study,
this will be referred to as extrapolation based on exposure-matching.

This study aimed to investigate how often extrapolation based on
exposure-matching is agreed upon by the PDCO as a strategy to be
used for evidence generation in the paediatric population. This study

also aimed to investigate how often regulatory authorities used this
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What is already known about this subject

o Approximately 64% of the paediatric marketing authori-
zation applications of medicines between 2015 and 2021
reviewed by the US Food and Drug Administration used
some form of extrapolation.

e The question whether paediatric marketing authorization
applications, in which the benefit/risk assessment is sup-
ported by extrapolation based on exposure-matching,
more successful, in terms of approval of the targeted pae-
diatric population, and more efficient, in terms of dura-
tion of completion of the drug development program, is

addressed.

What does this study adds

o Paediatric marketing authorization applications of medi-
cines supported by extrapolation based on exposure-
matching are more successful in terms of approval of the
targeted paediatric  population than traditional
approaches in the EU, but are also less efficient.

e Based on this research, it is recommended to explicitly
state questions to-be-answered in planned drug develop-
ment programs and how these questions are expected to
contribute to the benefit/risk discussion for the targeted
paediatric population. This is expected to clarify the goals
and assumptions of the paediatric drug development,
stimulate research and may increase the number of mar-
keting applications eligible for an extrapolation approach

based on exposure-matching.

evidence as support for the assessment of the benefit/risk balance in
paediatric marketing authorization applications. Finally, this study
aimed to evaluate whether paediatric marketing authorization applica-
tions supported by extrapolation based on exposure-matching were
more successful, in terms of approval of the targeted paediatric popu-
lation in the PIP, and more efficient, in terms of the time for comple-
tion of the paediatric drug development programme, compared to
paediatric marketing authorization applications that did not use

extrapolation based on exposure-matching.

2 | METHODS

21 | Role of extrapolation in PIPs

First, the number of PIPs where extrapolation based on exposure-

matching was agreed upon by the PDCO as a strategy for evidence
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generation in the paediatric population was extracted. A dataset con-
cerning PDCO opinions and decisions on PIPs is publicly available and
can be downloaded from the EMA website (https://www.ema.europa.
eu/en/medicines/download-medicine-data#paediatric-investigation-
plans-section). The non-confidential part of each individual PIP docu-
ment can be accessed at the EMA website. In each of these publicly-
available PIP documents, a number of key binding elements (KBEs) is
specified in one or more KBE tables. Specific studies that need to be
performed by drug companies to be able to assess the benefit/risk bal-
ance of a medicinal product in the targeted paediatric population are
specified in the KBE tables.” Compliance checks of the KBEs
are performed by the EMA to evaluate whether a drug company is gen-
erating evidence in accordance with the agreed PIP. After completion
of all studies specified in the KBE tables, a PIP is considered compliant
by the EMA. Compliant PIP documents were eligible for inclusion in this
analysis, but duplicate PIP documents (i.e., same product, same thera-
peutic indication/condition, same formulation) were excluded.

A PIP document can contain multiple unique KBE tables, because
each PIP document can cover multiple therapeutic indication(s). Addi-
tionally, each unique KBE table can be associated with one or more
therapeutic indication(s) with the same specific study requirements
(e.g., for deferasirox [EMEA-C-001103-PIP01-10-M03], three thera-
peutic indications are specified in the PIP, but only one KBE table is
specified). A unique KBE table associated with one or more therapeu-
tic indication(s) was considered as a unique paediatric drug develop-
ment programme in this study.

From the PIP documents, all unique KBE tables and targeted pae-
diatric population (i.e., associated therapeutic indication(s) and age
range(s)) were extracted. When available, the aim of the tabulated
studies was extracted. For extrapolation studies, the type of study
was also extracted. All data extractions were performed by two inde-
pendent researchers (J.V.K. and C.W.M.S\) for the entire analysis. In
case of discrepancies between the two researchers, documents were
jointly reviewed.

2.2 | Data extraction from the drug label

Second, to investigate whether paediatric drug development pro-
grammes specified in compliant PIPs resulted in marketing authoriza-
tion of a medicinal product in the targeted paediatric population,
restrictions from use of the medicinal product in the paediatric popu-
lation were extracted from the approved therapeutic indication in the
drug label (i.e., section 4.1 of the Summary of Product Characteristics
[SmPC])), i.e., specification of a minimum age and, if applicable, mini-
mum bodyweight. This was done for all therapeutic indications associ-
ated with a KBE table.

The targeted minimum age specified in compliant PIPs was com-
pared to the approved minimum age specified in the drug label and cate-
gorized as: fully approved, when the minimum age in the drug label was
similar to the minimum age specified in the PIP; more than fully
approved, when the minimum age in the drug label was lower than the
minimum age specified in the PIP; partially approved, when the minimum

age in the drug label was higher than the minimum age specified in the

PIP; or not approved, when the paediatric indication was not granted. If
drug labels were not found on the EMA website, it was assumed that no

paediatric indication was requested by a drug company.

2.3 | Exposure-matching as support for the
benefit/risk assessment

Third, we evaluated whether exposure-matching was used to support
the CHMP assessment of the benefit/risk in public assessment reports
of paediatric marketing authorization applications associated with the
therapeutic indications specified in the compliant PIPs. All paediatric
marketing authorization applications were considered where drug com-
panies applied for a new paediatric indication or extension of an already
approved paediatric indication. Furthermore, extrapolation based on
exposure-matching was defined as a quantitative comparison of similar-
ity in
between the targeted paediatric population and a reference population

pharmacokinetics or pharmacokinetics-pharmacodynamics

(e.g., adult patients or other paediatric patient population) discussed as
supportive evidence of efficacy in the benefit/risk discussion section of
the assessment report. In case the benefit/risk discussion section was
missing, the discussion sections around pharmacology and efficacy
were evaluated instead.

Subsequently, paediatric marketing authorization applications
where exposure-matching supported the assessment of the benefit/
risk discussion were compared against those where exposure-
matching was not used to support the assessment of the benefit/risk
discussion. Characteristics that were compared were for efficiency;
duration for obtaining PIP compliance and number of PIP modifica-
tions, and for success; restrictions in use of the medicinal product in
the targeted paediatric population as specified in the drug label and
PIP: minimum bodyweight, age groups and minimum age.

Additional subgroup analyses were conducted per therapeutic
area, orphan disease status and small vs. large molecules. For this,
orphan disease status was extracted from the ‘community register of
orphan medicinal products’ published on the European Commission
website (https://ec.europa.eu/health/documents/community-
register/html/reg_od_act.htm?sort=a) for each therapeutic indication.
Additionally, molecular size was used to distinguish between small
and large molecules, in which a small molecule was defined as
<1000 g/mol.

24 | Analysis

For both the PIP as well as the drug label, when an age group was
specified in the therapeutic indication instead of a minimum age, the
minimum age was assumed to be aligned with the age group definition
of the ICH E11 Guideline. Additionally, age groups in the analysis
were also defined according to the ICH E11 Guideline: newborn
infants (O to < 1 month), infants or toddlers (1 month to < 2 years),
children (2 to < 12 years) or adolescents (12 to < 18 years).X° For fea-
sibility reasons, if “age of menarche” was specified in the PIP or drug
label, the minimum age was imputed as 12 years. When the PIP or

drug label did not provide a minimum age or minimum bodyweight, it
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(n = 2602)
Excluded:
« Refusal of initial or modified
PIP (n = 32)
Refusal of waiver for all ages |«
(n = 36)
Accepted waiver for all ages A 4
(n = 1025) PIP decisions focused on
initial PIP or modification of
existing PIP
(n = 1509)
Excluded:
Non-compliant PIP decisions i
(n =1241) B
A 4
Compliant PIPs
(n = 268)
Excluded:
Same PIP, different brand
name (n = 1) <
Missing PIP document (n = 2)
A 4

Included compliant PIPs
(n = 265)

A 4

Studies in KBEs (Table 1 and 2):
« 21 clinical trial
(n =273, 95.5 %)
+ Pharmacokinetics
(n =160, 55.9%)
« 21 extrapolation study
(n = 48, 16.8 %)
» Efficacy extrapolation
(n =21, 7.3%)

Unique KBE tables

No paediatric indication
requested (n = 18)
Missing assessment report
(n =33)

(n = 286)
Excluded:
Missing drug label <
(n = 59) N
A
Included unique KBE tables
(n =227)
\ 4
(Groups of) indications
(n = 238)
Excluded:

summary of results.

A 4

Exposure-matching supports B/R:
Yes (n = 74, 39.6 %)
« Results of subgroup analysis
(Table 3)
» Increased over time (Figure 3)
+ 2008-2010: 22.2%,
2020-2022: 41.9%

Included (groups of)
indications
(n = 187)

Comparison between paediatric
marketing applications (Table 4,
Figure 2):
+ Criteria for success:
* Min. age PIP
(without/with extrapolation):
0.2 vs. 2.0 years (p < 0.01)
« Min. age drug label
(without/with extrapolation):
0.5 vs. 2.0 years (p < 0.01)
» Min. age PIP versus drug label
(without extrapolation):
0.2 vs. 0.5 years (p = 0.05)
+ Min. age PIP versus drug label
(with extrapolation):
2.0 vs. 2.0 years (p = 0.72)
+ Criteria for efficiency
« Time until compliant PIP
(without/with extrapolation):
4.3 vs. 5.4 years (p < 0.04)

1503

Flowchart of included paediatric investigation plan documents, unique key binding element tables and (groups of) indications and
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was assumed that the medicinal product was authorized for use in the

s
0.2':

full paediatric population.

Generally, descriptive statistics were used to summarize all find-
ings. Comparisons for continuous outcomes, such as the minimum age
specified in the drug label, were conducted using the Wilcoxon rank-
sum test. Comparisons for categorical outcomes, such as approval of
different age groups, were conducted using the Pearson's Chi square
test. For both tests, a P-value less than .05 was considered statistically
significant. All analyses were conducted using R version 4.0.3 (R core

team, Vienna, Austria) and stats package version 3.6.2.

3 | RESULTS

3.1 | Role of extrapolation in PIPs

The extracted PIP dataset, downloaded on 25 May 2023, contained
2602 PIP decisions that were first published between 20 December
2007 and 11 May 2023. A total of 1509 of the 2602 PIP concerned
decisions on an agreed initial PIP or a modification of the agreed initial
PIP. Of these, 268 (17.8%) PIP decisions were listed as compliant and
individual PIP documents were extracted from the EMA website.
Three PIPs were excluded: one was considered a duplicate (same
active substance, formulation and condition, but a different brand
name) and two were not published on the EMA website and therefore
considered missing. A flowchart summarizing the inclusion and exclu-
sion of PIPs is provided in Figure 1.

The resulting 265 (17.6%) PIP decisions were first published
between 19 March 2008 and 22 June 2021. The most frequently cov-
ered therapeutic areas were infectious diseases (n = 38, 13.3%), oncol-
ogy (n =35, 12.2%), endocrinology-gynaecology-fertility-metabolism
(n = 30, 10.5%), vaccines (n = 25, 8.7%), immunology-rheumatology-
transplantation (n = 25, 8.7%), haematology-haemostaseology (n = 24,
8.4%), pneumology-allergology (n= 17, 5.9%), gastroenertology-
hepatology (n = 17, 5.9%) and neurology (n = 15, 5.2%).

From the 265 PIP documents included in this analysis, 286 unique
KBE tables were extracted. At least one clinical trial was specified in
273 (95.5%) of the KBEs (Table 1). Only 48 (16.8%) KBEs specified at
least one extrapolation study, predominantly prevalent in the thera-
peutic areas of infectious diseases (n = 9, 23.7%), oncology (n = 9,
25.0%), endocrinology-gynaecology-fertility-metabolism (n=6,
20.0%), (h=5, 20.0%),

pneumology-allergology and gastroenterology-

immunology-rheumatology-transplantation
(n=>5, 29.4%),
hepatology (n = 4, 22.2%). All extrapolation studies included in the
KBE tables in this analysis have been provided in Appendix 1.

Clinical trials specified in the KBEs typically had multiple aims, in
which safety (n = 254, 88.8%), efficacy (n = 192, 67.1%) and pharma-
cokinetics (n = 160, 55.9%) were most frequently investigated per
KBE table (Table 2). Extrapolation studies specified in the KBE tables
typically aimed to extrapolate efficacy from a reference population
(n =21, 7.3%, Table 2). Population pharmacokinetic and/or pharma-
codynamic modelling (n = 20) and physiology-based pharmacokinetic
modelling (n = 6) were most frequently used methodologies in the
extrapolation studies. The inclusion of extrapolation studies in
PIPs has evolved over time: no extrapolation studies were included in
PIPs published between 2008 and 2010, whereas 20% of the PIPs
published between 2020 and 2022 included at least one extrapolation
study (Figure 2A).

The youngest age group targeted in the KBE tables were new-
born infants (n = 78, 27.3%), infants or toddlers (n = 86, 30.1%), chil-
dren (n = 100, 34.9%) and adolescents (n = 22, 7.7%). Seventy-five
(26.2%) KBEs aimed to investigate the full paediatric age range (0-
18 years).
3.2 | Data extraction from the drug label
For 59 of the 286 unique KBE tables, a corresponding drug label could
not be identified on the EMA website (Figure 1). For the remaining
227 unique KBE tables and associated therapeutic indications
(n = 238), restrictions for use of the medicinal product in the paediat-
ric population in the approved therapeutic indication were extracted
from the drug label. No approval in the paediatric population was
obtained in 43 (18.9%) therapeutic indications. Partial and full
approval was obtained in 44 (19.4%) and 127 (55.9%) therapeutic
indications, respectively. More than full approval was obtained in
24 (10.6%) therapeutic indications. The minimum age approved in the
drug label covered newborn infants (n = 60, 25.2%), infants or tod-
dlers (n =42, 17.6%), children (n =69, 29.0%) and adolescents
(n =67, 28.1%). Full approval of the paediatric age range was
obtained in 24 (10.1%) therapeutic indications. In 15 (6.6%) therapeu-
tic indications, use of the medicinal product in the paediatric popula-
tion was restricted by specifying a minimum bodyweight
(e.g., celsentri is indicated for patients weighing at least 10 kg [EMEA-
C-000020-PIP01-07-MO05)).

3.3 | Exposure-matching as support for the
benefit/risk assessment

For the 238 therapeutic indications, where information on restrictions

in the approved therapeutic indication were extracted from the drug

Number Quality Non-clinical Clinical Extrapolation Other T'L.\B LE1 . NL'meer of studies per
unique key binding element table

0] 189 (66.1%) 220 (76.9%) 13 (4.5%) 238 (83.2%) 260 (90.9%) (n = 286).

1 83(29.0%) 25 (8.7%) 97 (33.9%) 35 (12.2%) 24 (8.4%)

2 13 (4.6%) 23 (8.0%) 66 (23.1%) 0(3.5%) 1(0.3%)

3 1(0.3%) 12 (4.2%) 55 (19.2%) 1(0.3%) 1(0.3%)

4+ 0 (0.0%) 6(2.1%) 55 (19.2%) 2 (0.6%) 0(0.0%)
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TABLE 2 Aim of different studies specified in unique key binding
element tables.

Aim n (%)
Quality Development of a paediatric 85 (29.7%)
formulation
Evaluation of appropriateness of 8 (2.8%)
currently registered formulation
Other 5(1.7%)
Non-clinical Toxicity 52 (18.2%)
Pharmacokinetics 11 (3.8%)
Pharmacodynamics and/or 12 (4.2%)
pharmacokinetic/pharmacodynamic
relationship
Biomarker 3(1.0%)
Carcinogenicity 1(0.3%)
Other 6(2.1%)
Clinical Pharmacokinetics 160 (55.9%)
Pharmacodynamics 69 (24.1%)
Efficacy 192 (67.1%)
Safety 254 (88.8%)
Dose-finding 45 (15.7%)
Immunogenicity 38 (13.3%)
Palatability 9 (3.1%)
Bioequivalence 31 (10.8%)
Extrapolation  Pharmacokinetics 8 (2.8%)
Pharmacokinetic/pharmacodynamic 1(0.3%)
relationship
Dose-finding 9 (3.1%)
Extrapolation of efficacy 21 (7.3%)
Other 23 (8.0%)

label, we found in the public assessment reports that 18 therapeutic
indications did not apply for marketing authorization in the paediatric
population. Additionally, no publicly available assessment reports
could be identified for 33 therapeutic indications. This resulted in a
total of 187 therapeutic indications, for which the benefit/risk assess-
ment of paediatric marketing authorization applications could be eval-
uated. Additional sub-group analyses per therapeutic area, orphan
disease status, and small vs. large molecules that were conducted for
the 187 indications, for which a benefit/risk assessment could be
evaluated, are presented in Table 3.

Exposure-matching was used to support the benefit/risk assess-
ment for 74 (39.6%) of the paediatric marketing authorization applica-
tions (Table 4). The application of exposure-matching in support of
the benefit/risk assessment has increased over time. Between 2008
and 2010, two exposure-matching studies (22.2%) were conducted,
whereas 18 exposure-matching studies (41.9%) were performed
between 2020 and 2021 (Figure 2B). The minimum age specified in
the PIP and drug label was significantly higher for paediatric marketing
authorization applications where the benefit/risk assessment was sup-

ported by exposure-matching (2.0 vs. 0.2 years, P < .01, and 2.0 vs.

0.5 years, P < .01, respectively). The targeted paediatric minimum age,
specified in the PIP, was, however, comparable to the approved mini-
mum age specified in the drug label for paediatric marketing authori-
zation applications where the benefit/risk assessment was supported
by exposure-matching (2.0 vs. 2.0 years, P = .72, Figure 3). This was,
however, not the case for paediatric marketing authorization applica-
tions where the benefit/risk assessment was not supported by
exposure-matching (0.2 years vs. 0.5 years,P = .05, Figure 3). Paediat-
ric marketing authorization applications where the benefit/risk assess-
ment was supported by exposure-matching were more likely to have
a bodyweight cut-off specified in the indication (13.5% vs. 3.5%,
P =.01).

The duration for obtaining PIP compliance was significantly lon-
ger for paediatric marketing authorization applications where the ben-
efit/risk assessment was supported by exposure-matching (5.4 vs.
4.3 years, P = .04) and also typically required more modifications of
the PIP (4 vs. 3, P < .01).

4 | DISCUSSION

Extrapolation based on exposure-matching appears to play a limited
role in generating evidence to support paediatric marketing authoriza-
tion applications as less than 20% of the planned drug development
programmes explicitly specified an extrapolation study. In contrast,
almost 40% of the paediatric marketing authorization applications
used exposure-matching to support the benefit/risk assessment.
Therefore, it can be concluded that the role of extrapolation based on
exposure-matching in paediatric evidence generation is more pro-
nounced than what can be expected based on the PIPs. The number
of PIPs and marketing authorization applications incorporating extrap-
olation based on exposure-matching has progressively increased over
time. Approved minimum age and bodyweight limits were more
restrictive for marketing applications that used exposure-matching
compared to those not supported by exposure-matching, which
seems to suggest that exposure-matching is not a successful approach
for obtaining marketing authorization. The targeted paediatric popula-
tion did not significantly differ from the approved population for mar-
keting authorization applications where the benefit/risk assessment
was supported by extrapolation based on exposure-matching,
whereas it did significantly differ for those not supported by
exposure-matching. Therefore, extrapolation based on exposure-
matching can be considered more successful for approval of the tar-
geted population. On the other hand, duration of PIP completion was
also significantly longer, and therefore seems less efficient than tradi-
tional approaches.

Manolis et al. reported that approximately 25% of PIPs specified
quantitative methods in the drug development programme.’? These
quantitative methods were, however, also used for other purposes
besides extrapolation, such as paediatric dosing regimen selection.
This could imply that the role of extrapolation based on a quantitative
comparison of exposure is limited in paediatric evidence generation.
We found that less than 20% of the completed paediatric drug
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development programmes explicitly specified an extrapolation study
and extrapolation of efficacy was the main objective in only 7% of
these studies. In contrast, approximately 56% of the planned drug
development programmes specified at least one clinical trial that
aimed to investigate the pharmacokinetic profile in the paediatric pop-
ulation, which could indicate that the role of extrapolation based on
exposure-matching is more pronounced. Almost 40% of the paediatric
marketing authorization applications used exposure-matching to sup-
port the benefit/risk assessment, which further supports this notion.
It is considered difficult to extract the exact role of extrapolation from
PIPs. Therefore, for future studies, we recommend a question-centric
approach, which states how actual questions, attempted to be
answered in the drug development programme, contribute to the ben-

efit/risk assessment.'?

This allows academic researchers, paediatri-
cians and other interested parties to challenge or further confirm the
goals and assumptions of the drug development programme.

Ye et al. reported that approximately 64% of paediatric label
changes between 2015 and 2021 reviewed by the FDA used some
form of paediatric extrapolation, where 24% of the paediatric label
changes relied fully on extrapolation.'® In comparison, between 1998
and 2008, 82% of label changes reviewed by the FDA used some form

of paediatric extrapolation, where 14% of the paediatric label changes

relied fully on extrapolation.® Therefore, the overall use of extrapola-
tion seems to be reduced in recent years. In contrast, our results indi-
cate that extrapolation based on exposure-matching to support the
benefit/risk discussion in the EU generally increased over time, where
the benefit/risk discussion is supported in almost 40% of the thera-
peutic indications after 2013. This is in line with a shift towards more
label changes based on a full extrapolation approach as observed for
the FDA. Despite the overall lowering trend on the use of extrapola-
tion in paediatric label changes in the US, Samuels et al.** showed that
full extrapolation approaches increased from 34% to 51% between
1998 to 2008 and 2015 to 2020 in 15 therapeutic areas. The differ-
ence from the overall trend suggests that the role of extrapolation dif-
fers between therapeutic areas, which is also apparent in the
subgroup analysis of this study. The assumptions of extrapolation in
certain therapeutic areas could be more well established than in
others and could indicate more research is needed towards the under-
lying assumptions of extrapolation to enhance the number of thera-
peutic indications eligible for an extrapolation approach. Recently, the
FDA has reported results of such research where an alternative
approach for extrapolation of efficacy based on similarity across com-
pounds in schizophrenia and partial onset seizures was used.'>¢

These types of analyses strengthen our understanding of the potential
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TABLE 3
benefit/risk could be evaluated.

Therapeutic area
Infectious diseases

Haematology-Haemostaseology

Endocrinology-Gynaecology-Fertility-Metabolism

Oncology

Immunology-Rheumatology-Transplantation

Vaccines
Gastroenterology-Hepatology
Neurology

Other

Dermatology

Psychiatry
Pneumology-allergology
Cardiovascular diseases
Ophthalmology
Uro-nephrology
Neonatology-Paediatric Intensive Care
Orphan disease status

No orphan disease

Orphan disease

Molecular size

Small molecule (< 1000 g/mol)
Large molecule (> 1000 g/mol)

TABLE 4 Comparison between
paediatric marketing applications that did
and did not use extrapolation based on
exposure-matching in support of the
benefit/risk discussion of public
assessment reports. Partially, fully, more
than fully approved were defined as a
lower, similar or higher approved
minimum age as targeted in the PIP.

No extrapolation (%)

Extrapolation (%)
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Subgroup analyses per therapeutic area, orphan disease status, and small vs. large molecules for 187 indications for which the

Total studies (n)

8 (25%) 24 (75%) 32
20 (87.0%) 3(13.0%) 23
17 (77.3%) 5(22.7%) 22
11 (52.4%) 10 (47.6%) 21
11 (55%) 9 (45%) 20
15 (100%) 0 (0%) 15

6 (50%) 6 (50%) 12

6(54.5%) 5 (45.5%) 11

3 (42.9%) 4 (57.1%) 7

3 (60%) 2 (40%) 5

4 (80%) 1 (20%) 5

2 (50%) 2 (50%) 4

1(33.3%) 2 (66.7%) 3

3 (100%) 0 (0%) 3

2 (66.7%) 1(33.3%) 3

1 (100%) 0 (0%) 1
93 (58.9%) 65 (41.1%) 158
20 (69.0%) 9 (31.0%) 29
46 (54.1%) 39 (45.9%) 85
67 (65.7%) 35 (34.3%) 102

N

Duration of PIP compliance (years)
Number of PIP modifications (n)
Minimum age in PIP (years)

Minimum age in drug label (years)

No approved paediatric indication (n)
Partially approved paediatric indication (n)

Fully approved paediatric indication (n)

No extrapolation

Extrapolation

More than fully approved paediatric indication (n)
Complete paediatric age range approved (n)

Bodyweight in indication (n)

113 (60.4%) 74 (39.6%) P-value
4.3[1.5-6.9] 5.4[3.3-7.5] 0.04
3.0 [1.0-4.0] 4.0 [2.0-6.0] <0.01
0.2 [0.0-2.0] 2.0[0.5-6.0] <0.01
0.5 [0.0-6.0] 2.0 [1.0-6.0] <0.01
5(4.4%) 0 (0.0%) 0.07
31 (27.4%) 12 (16.2%) 0.07
67 (59.3%) 53 (71.6%) 0.08
10 (8.8%) 9 (12.2%) 0.46
35 (31.0%) 13(17.6%) 0.04
4 (3.5%) 10 (13.5%) 0.01

Note: Results are expressed as n (%) or median [25th-75th percentile], significant P-values are expressed

in bold.

for extrapolation of efficacy across compounds from the same class
and mechanism of action. One could argue that these types of extrap-
olation are currently underused and this introduces another ethical
aspect of potentially including larger paediatric populations than nec-
essary in paediatric evidence generation.

Approximately 26% and 57% of the planned paediatric drug
development programmes aimed to study the complete paediatric

population or paediatric patients younger than 2 years, which aligns
with previous observations that indicate that very young patients are
often understudied.'”*® Especially in newborn children, the PDCO is
more likely to grant a waiver in the lower age groups (e.g., because
there is no need for an indication, feasibility issues are expected or
major safety risks are foreseen). Where extrapolation based on

exposure-matching was used to support the benefit/risk assessment,
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FIGURE 3 Cumulative number of indications vs. minimum age specified in PIP (black line) and in drug label (orange line) stratified by use of

paediatric extrapolation based on exposure-matching.

the lower age groups were less likely to be included in the extrapola-
tion study. This could imply that the PDCO is more reluctant to accept
extrapolation based on exposure-matching in the paediatric popula-
tion younger than 2 years. The youngest paediatric population is usu-
ally most distant from the reference (adult) population and thus prone
to more uncertainties in the underlying assumptions of extrapolation.
This could be the reason for the PDCO to be more reluctant to accept
extrapolation in this population. With the introduction of the ICH
M15 guideline, the weight of modelling and simulation analyses in the
overall evidence generation is formalized, which is intended to facili-
tate a multidisciplinary understanding of model-informed drug devel-

opment.*’

We hypothesize that this will increase the understanding
and acceptance of model-based approaches, including exposure-
matching, in paediatric drug development.

Ye et al. reported that the probability to obtain approval in the
US of a new or expanded paediatric indication increased when paedi-
atric extrapolation was used.*® In the current study, the approved age
range did not significantly differ from the targeted age range for pae-
diatric marketing authorization applications that were supported by
extrapolation based on exposure-matching, whereas the approved
age range was significantly higher for those that were not. This sup-
ports the conclusions of the FDA that extrapolation based on
exposure-matching is a more successful approach to generate evi-
dence in the paediatric population.

Clinical trials required for an extrapolation approach are typi-
cally single-arm pharmacokinetic studies in a small population with
a short follow-up. In contrast, clinical trials required for a tradi-

tional approach, in which efficacy and safety is demonstrated, are

expected to be conducted in a large population with a long follow-
up. Drug development programmes based on exposure-matching
were therefore expected to be more efficient than traditional ones.
In contrast, duration of PIP compliance was longer and PIPs were
modified more often for marketing authorization applications where
the benefit/risk assessment was supported by extrapolation based
on exposure-matching. There is no clear explanation for this find-
ing, but we speculate that clinical trials that are designed for
exposure-matching may take longer to complete due to complexi-
ties in recruitment (fewer patients willing to participate to pharma-
cokinetic sample collection), trial design (staggered approach with a
delay of inclusion of young patients) and lack of harmonized
approach for demonstrating similarity in exposure. This will hope-
fully improve in the coming years with the new ICH E11A
Guideline.’?

Only publicly available information was used for the data collec-
tion and therefore there is a risk of publication bias, which is also
apparent from the relatively high number of missing documents
(i.e., drug labels and missing public assessment reports). The high num-
ber of missing documents can partially be explained by the focus on
solely centralized paediatric marketing authorization applications and
alternative routes for marketing authorization in the EU exist, such as
only applying in a single European country. Additionally, drug compa-
nies are currently not obligated to apply for a paediatric indication
after PIP compliance and, in such a case, no drug label is available.
Furthermore, the structure of the European medicines regulatory net-
work is very different to other regulatory agencies (e.g., FDA, PMDA).
This adds uncertainty around the generalizability of our results to
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other regions. At the same time, efforts to harmonize the methodolo-
gies and strategies for paediatric extrapolation have been ongoing
since 2014, with the publication of the ICH concept paper on the revi-
sion of the E11 Guideline. Based on the similar results found in this
paper and the FDA analysis, we hypothesize that despite structural
differences in the regulatory networks across regions, it is not unlikely
that a similar analysis based on submissions to other regulatory
authorities may yield similar results. Lastly, we focused on paediatric
extrapolation based on exposure-matching, but also other forms of
paediatric extrapolation exist (such as leveraging of efficacy data from
adult trials using Bayesian borrowing approaches). It is unknown how
the results of this study translate to other paediatric extrapolation
approaches.

In conclusion, paediatric marketing authorization applications
where regulatory decision-making was supported by extrapolation
based on exposure-matching were more successful in obtaining mar-
keting approval in the targeted paediatric population compared to
those not supported by extrapolation. However, despite the success,
these paediatric marketing authorization applications are also less
efficient.
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