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Legislative initiatives have been successful in increasing the availability of approved therapies for paediatric patients. However,
additional measures to ensure the timely completion of paediatric studies are necessary to further increase the number of
medicines available to children. Over the last 3 years, international experts convened to revise the ICH E11 guideline on clinical
investigations of medicinal products in paediatric populations to harmonize approaches to paediatric extrapolation, striving to
reduce substantial differences between regions in the acceptance of data for global paediatric medicine development
programmes. Several areas of therapeutics development in children, such as human immunodeficiency virus and partial-onset
seizures, have been streamlined and require fewer children enrolled in clinical trials because of the appropriate application of
paediatric extrapolation. Based on this experience, it is clear that for paediatric extrapolation strategies to reach their full potential
there is the need to understand the quality and quantity of data, often collected in adult patients, that will inform the appropri-
ateness of the use of paediatric extrapolation, as well as to identify gaps in knowledge with respect to disease pathophysiology,
organmaturation or drug target ontogeny. The generation of information that enhances our current understanding of these gaps
in knowledge can further decrease the need for larger, paediatric clinical trials and can increase the efficiency of paediatric
therapeutics development as well as protect children from participation in unnecessary studies. We hope that this publication will
increase awareness, input and support from all the stakeholders involved in paediatric therapeutics development.

Over the last 20 years, paediatric drug development has
advanced from routine exclusion of paediatric patients from
clinical trials to early consideration of paediatric studies
during adult development when use in paediatric patients is
anticipated. This shift has been driven by legislation both in
the USA and EU and has led to a change in paradigm—that
paediatric patients can be treated with drugs for which effec-
tiveness and safety have been demonstrated, rather than reli-
ance on oftenmisleading assumptions of effectiveness and/or
safety from adult data. Progress in paediatric drug develop-
ment brings changes to the current paradigm, and is teaching
us a few lessons about drug development in general while, out
of necessity, paving the way for more efficient clinical trials.

Regulatory standards for approval of drugs, vaccines
and biological products (medicines) are the same for adult
and paediatric patients. Approval must be based on
evidence obtained, in general, from adequate and well-
controlled investigations. Often, drug development
proceeds in adults first and, once approved in adults,
medicines are prescribed as off-label to children, out of
need, long before establishment of effectiveness and safety
and appropriate dosing of a medicine in the paediatric
populations. Off-label use and lack of well-tested medicines
for children have caused several major catastrophes in the
past, and on-label paediatric use has been the exception
rather than the rule [1].
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To address the lack of medicines approved for paediatric
use, transforming legislations were passed first in the USA
with the Food and Drug Administration (FDA) Moderniza-
tion Act of 1997, Best Pharmaceuticals for Children Act of
2002, and Pediatric Research Equity Act of 2003, and then
in the EU with the Paediatric Regulation of 2006 [2]. The EU
Paediatric Regulation requires prior approval of a paediatric
investigation plan (PIP), a development plan aimed at ensur-
ing that the necessary data are obtained to support authoriza-
tion in children. Applications for authorization of all new
medicines must include study results defined in PIPs agreed
by the European Medicines Agency (EMA) Paediatric Com-
mittee, unless a waiver is granted. Paediatric trials can be de-
ferred until after adult development for specific reasons.
Similarly, in the USA, a Pediatric Study Plan is required under
certain circumstances, usually by End of Phase 2, andmust be
reviewed by the FDA Pediatric Review Committee. The PIP
and Pediatric Study Plan are similar and usually compatible
with a single global approach. Based on data collected since
the implementation of the legal framework in the USA and
from the first 10 years of the Paediatric Regulation, these ini-
tiatives have been successful in increasing the availability of
approved therapies for paediatric patients [3].

Despite these successes, challenges still remain. A recent
cohort study [4] demonstrated that after a median follow-up
of 7 years from approval of PIPs, only 17% of medicines
authorised for adults had completed required paediatric
trials, and 38% of all required paediatric studies were com-
pleted. In addition, studies to be completed after initial
authorization were unlikely to be completed as compared to
those to be completed before authorization. To date, the
conditions with the highest number of completed PIPs are
immunology/rheumatology (14%) and infectious diseases
(14%) [5]. There is a need for new ways to ensure timely com-
pletion of paediatric studies to further increase the medicines
available to children. In the USA, there continues to be a sim-
ilar lag (approximately 8 years) between approval for use in
adults and time to paediatric-specific labelling [6, 7].

Why does such a lag exist? Paediatric drug development
raises recognized specific challenges: e.g. developmental
changes may require specific investigations in specific age or
weight groups, different safety considerations, the need for
paediatric-specific endpoints and formulations, and the need
to incorporate specific research protection. Paediatric drug
development is therefore expensive, with a small market that
may limit the return on investment.

To reduce the requirement for data where they already
exist while addressing the challenges faced by all stake-
holders involved in paediatric development (children and
their families, healthcare professionals, academia, regulators
and pharmaceutical companies), one area advanced by both
EU and USA is the use of paediatric extrapolation. This al-
lows maximizing the use of existing data across products life
cycle to increase efficiency of paediatric drug development.
Extrapolation of efficacy findings from adults to the paediat-
ric population was first proposed by the FDA in the 1994
Pediatric Labeling Rule as a potential strategy to consider
the use of adult data when designing paediatric drug devel-
opment programmes. Paediatric extrapolation has been
further described in FDA and international guidance to
industry [7, 8]. The EMA has developed a more specific

framework for the use of paediatric extrapolation, based
on the current understanding of quality and quantity of
data, often collected in adult patients, informing the appro-
priateness of use of paediatric extrapolation. The framework
acknowledges, for example, that chronological age alone
may not be the most appropriate categorical determinant
to define developmental subgroups in paediatric studies.
Rather than the traditional development groups based on
age (e.g. infants, adolescents), physiological development
and organ maturation, pathophysiology and natural history
of the disease or condition, and pharmacology of the medi-
cine are factors to be considered in determining appropriate
paediatric subpopulations for study (i.e. the source and tar-
get populations for extrapolation). Accordingly, the inclu-
sion of paediatric subpopulations in adult trials or even
adult subpopulations in paediatric trials may be justifiable
[7]. Conversely, many diseases of the preterm and term neo-
nate are unique or have unique manifestations precluding
extrapolation of efficacy from older patients and may re-
quire novel methods of outcome assessment to optimize de-
velopment. Where there is sufficient understanding of the
pathophysiology and the pharmacology of the medicine to
support extrapolation across a range of paediatric subsets,
trials should focus on those paediatric subsets or disease
subsets where gaps in knowledge are greatest (generally
infants and neonates). This will avoid unnecessary delays
to obtain the needed evidence in these populations. To sup-
port this approach, a concept paper was published in 2013,
followed by a reflection paper in 2018 [9].

Paediatric extrapolation is an approach that may be used
when, based on the course of the disease and expected re-
sponse to a medicine in the paediatric and reference (adult
or other paediatric) populations, to provide evidence in
support of effective and safe use of this medicine in the paedi-
atric population. Paediatric extrapolation requires evidence-
based sets of assumptions from existing knowledge, using,
for example, systematic reviews and synthesis of relevant
available evidence, while any uncertainties, including gaps
in knowledge, need be quantified with respect to disease
pathophysiology, organ maturation or drug target ontogeny.
For example, identification of a clear exposure–response rela-
tionship in a reference population can be used to predict an
effective dose and regimen for the intended population.
Extrapolation exercises can take different forms although
they share a common goal. The long experience with antibac-
terial agents illustrates well that the requirements for evi-
dence generation to support licensing in the paediatric
population are a continuum. Requirements range from the
identification of an appropriate dose for the target population
based on pharmacokinetic characterization only, where there
is evidence to support that achieving similar exposure is suf-
ficient to expect similar efficacy in the target population, to
full clinical development where no extrapolation is possible.
For the majority of infectious diseases occurring both in
adults and in paediatric subgroups with same pathogens
and similar distribution, extrapolation of efficacy against
the infectious agent is possible, based on similar pathophysi-
ology of the infectious disease and spectrum of activity of the
antibacterial agent. However, extrapolation of efficacy from
adults to paediatric patients may not be possible when the in-
fectious disease occurs only or predominantly in paediatric
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patients (e.g. neonatal sepsis) or there are differences between
these populations in the nature or precipitating factors for
the infectious process and known different responses to treat-
ment [10].

Increasing experience of extrapolation approaches over
time has led to agreed development programmes that do
not require adequate and well-controlled trials in children
to establish efficacy. Human immunodeficiency virus (HIV)
infection is one example where the pharmacokinetic/phar-
macodynamic-response relationship is assumed to be inde-
pendent of age, and similar activity can be obtained from
similar exposure in children and adults, based on efficacy
data from controlled trials [11]. On this basis, in 2007, the
EU guideline on clinical development of antivirals for HIV
infection accepted extrapolation of efficacy from the adult
to the paediatric populations. To assess the impact of
extrapolating efficacy, we reviewed all antiretrovirals for HIV
infection and analysed the EMA data for all those authorized
before and after the EU Regulation (i.e. comparing
1997–2006 and 2007–2016). We observed that extrapolating
efficacy from adult data paralleled a dramatic reduction in the
number of enrolled children. Up to 2016, 18 single-substance
medicines and six fixed-dose combinations had been autho-
rized in at least one paediatric subset. Before 2007, the 11 pae-
diatric marketing authorizations were based on 48 clinical
trials enrolling 4971 paediatric participants. Twelve of 48
clinical trials (25%) were powered for efficacy as primary end-
point and required enrolment of 2979 paediatric participants
(59%). Between 2007 and 2016, the 13 paediatric marketing
authorizations were based on 12 clinical trials enrolling 621
patients; all the clinical trials had pharmacokinetics as pri-
mary objective to determine paediatric doses, and provided
systemic drug exposures similar to that known to be effective
in adults and safety data (Figure 1). Not requiring studies
powered for efficacy for a paediatric indication led to a
smaller number of enrolled subjects. The use of extrapolation
of efficacy in paediatric HIV avoided unnecessary studies, in-
creased efficiency, reduced testing burden to patients, and
allowed better allocation of resources, and for most of them
leading to faster availability of approved medicines for paedi-
atric HIV patients.

Epilepsy is another area where FDA and EMA have used
increased disease and treatment knowledge in children to re-
view the acceptability of paediatric extrapolation. Reviews
were conducted to determine whether the efficacy of antiep-
ileptic drugs (AEDs) in adults could be used to predict efficacy
in children with partial-onset seizure (POS). A first study by
Pellock et al. in 2008 [12], reviewed 30 adjunctive therapy
trials of both partial-onset seizures and primary generalized
tonic–clonic seizures in adults and children aged 2–18 years.
Following the Pellock review, the FDA conducted systematic
and quantitative analyses of AEDs approved for use in
paediatric patients; these AEDs spanned a variety of putative
mechanisms of action. Data from 26 placebo-controlled trials
in over 4600 adults and 1400 children aged 4 years and older
were analysed with the goal to compare responses and
exposures at the approved doses between adults and various
paediatric age subsets. In 2018, the FDA concluded that the
relationship between exposure and response (reduction in
seizure frequency) in adults and children was sufficiently sim-
ilar to allow for extrapolation of efficacy of drugs approved for
the treatment of POS in adults to paediatric patients 4 years of
age and older [13]. However, clinical studies to identify a dose
and characterize adequately the safety in children still need
to be conducted.

The methods and acceptability of paediatric extrapola-
tion for specific paediatric drug development programmes
are rapidly evolving and present both challenges and oppor-
tunities. For example, innovative strategies such asmodelling
and simulation, or alternative statistical approaches to sup-
port the acceptability and strengthen the appropriate use of
extrapolation, are actively considered by medicine devel-
opers and regulatory authorities globally.

Modelling and simulation help use all available data op-
timally to make predictions in various areas of drug devel-
opment, including clinical trials and are essential tools to
increase efficiency and accuracy of paediatric drug develop-
ment, especially for the purpose of extrapolation. Modelling
and simulation use mathematical techniques to quantify
the current state of knowledge and to make predictions,
most often on pharmacokinetics and pharmacodynamics,
efficacy, and, potentially, on safety of new medicines to

Figure 1
Paediatric population in clinical trials for authorization of HIV medicines in 1997–2006 and 2007–2016
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improve decision-making. Use of modelling and simulation
may help decrease the amount of data required for a paedi-
atric drug development programme, regardless of whether
paediatric extrapolation is considered acceptable. Impor-
tantly, the assumptions made initially need to be revisited
(iterations) and potentially revised based on newly gener-
ated data.

Where extrapolation is not acceptable, adequate and
well-controlled paediatric studies are necessary to establish
effectiveness. New approaches are welcome to maximize
generation of data while reducing the number of children
exposed, but innovative clinical trial designs can be
challenging. Until recently, fully powered trials were re-
quired to demonstrate a statistically significant and clini-
cally meaningful treatment effect. In many paediatric
programmes, such studies were not feasible, or not de-
signed to answer questions that the adult trials also failed
to address, such as the investigation of the impact of covar-
iates (e.g. body size, organ maturation) in children across
the developmental spectrum. Therefore, alternative clinical
trial designs should be set up to establish effectiveness, while
meeting regulatory standards, and should be designed to an-
swer questions that cannot be addressed by the adult trials in
a timely manner. Additionally, while it is acknowledged that
safety information in adults may be used to predict some ad-
verse effects in children, data are still required to identify those
age-specific adverse effects, in particular related to growth and
maturation.

Unlike medicines development for paediatric anti-HIV or
POS medicines, some paediatric conditions highlight the
challenges to acceptability and use of paediatric extrapola-
tion. For example, in Gaucher disease, when planning paedi-
atric studies, one must carefully consider the impact of
different mechanisms of action and disease-modifying fac-
tors such as types of mutation, residual enzyme activity, age
and epigenetic factors, which result in presentations of the
paediatric disease that differ from those seen in adults. None-
theless, extrapolation can still be considered to increase effi-
ciency and reduce testing burden to patients, once the
characteristics of different patient populations are taken into
consideration [14]. For diseases such as pulmonary arterial
hypertension (PAH) where medicines are not directly
targeting the known pathways that contribute to the disease,
it would not be safe to assume that children will see a similar
benefit from similar pharmacodynamic effect. There are sig-
nificant remaining gaps in our knowledge of the natural his-
tory of PAH that need addressing. The use of extrapolation
in paediatric PAH is not straightforward; the predictions that
can be generated from existing knowledge will carry a high
level of uncertainty related to pharmacology, disease progres-
sion and clinical response.

Undeniably, the use and understanding of paediatric ex-
trapolation are rapidly evolving. Collection of data to sup-
port its use must be planned very early in product
development, and requires careful planning designed to bet-
ter understand the medicine’s pharmacological behaviour
and its clinical value for children. For example, there may
be a need to include specific elements in the adult trials,
such as additional time points or dose-levels, to inform
and strengthen the data supporting the evidence for effec-
tive and safe use of the medicine in adults and consequently

in the paediatric population. Biomarkers, clinical and surro-
gate endpoints should ideally be appropriate to both adults
and paediatric subsets; high-quality longitudinal data on
growing children should be collected to allow characteriza-
tion of longer-term benefits or harms, especially in
neurodevelopmental and behavioural disorders, as well as
characterization of ontogeny of drug targets, effect of devel-
opmental changes on medicine metabolizing enzymes
across the developmental spectrum. Certain data generation
(e.g. longer-term safety) may not be needed before approval
in paediatric subpopulations but collected postapproval.
There is also growing interest in the potential use of real-
world evidence in paediatric medicines development
programmes. While there may be a role for high quality
real-world evidence to maximize the efficiency of develop-
ment programmes, this should not be considered an
encouragement to rely on information from off-label use
as a primary source of paediatric data in the future.

Finally, there are other challenges in paediatric drug de-
velopment that deserve mention. Children of all ages require
special measures to protect their rights as study participants
and to shield them from undue harm.With the aim to protect
children from unexpected adverse effects, in most paediatric
programmes, investigators and regulators opted for sequen-
tial developments, starting with the oldest and ending with
the youngest children. After >10 years of experience, any
protective effect of default use of sequential approaches has
not been proven, while there is evidence of harm from
prolonged use of unstudiedmedicines in themost fragile sub-
set, i.e. the neonate, due to long delays in completing paedi-
atric studies and prolonged off-label use [15–17].

Based on our experience, paediatric extrapolation strate-
gies can reduce the number of children enrolled in trials
and facilitate earlier and timely access to appropriately-
studied medicines for children. Significant work remains to
be done to increase our knowledge of paediatric therapeu-
tics and move away from the unnecessary age-based sequen-
tial development paradigm. Most importantly, regulators
should continue looking outside the box for innovative drug
development approaches for the benefit of the whole paedi-
atric population. Children deserve to participate in and ben-
efit from high quality and ethical clinical research, and to
have access to medicines authorized appropriately, without
being subject to unnecessary trials. To achieve this, all
stakeholders involved in paediatric medicine development
have a responsibility to design and conduct rational and
ethically sound studies of medicines, based on all knowl-
edge available through previous research. Indeed, the use
of paediatric extrapolation is not only a strategy to increase
the efficiency of medicines development; it is part of a new
paradigm in paediatric medicine development and an ethi-
cal imperative.
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