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Commentary on the EMA Reflection Paper on the use of
extrapolation in the development of medicines for paediatrics

Adopted guidelines reflect a harmonised European approach to a
specific scientific issue and should reflect the most recent scientific
knowledge. However, whilst EU regulations are mandatory for all
member states and EU directives must be followed by national
laws in line with the directive, EMA guidelines do not have legal
force and alternative approaches may be taken, but these
obviously require more justification. This new series of the BJCP,
developed in collaboration with the EMA, aims to address this issue
by providing an annotated version of some relevant EMA guidelines
and regulatory documents by experts. Hopefully, this will help in
promoting their diffusion and in opening a forum for discussion with
our readers.

BACKGROUND

For a medicine to be authorised, clinical efficacy and safety should
be established, usually through robust and relevant clinical trial data.
The conduct of paediatric clinical trials is, however, fraught with
hurdles related to operational practicalities, regional differences in
standards of care, lack of standard of care, cultural expectations,
and ethical challenges. Additional complexities relate to the rarity
of the diseases and gaps in knowledge about the pathophysiology
and epidemiology of diseases across paediatric age subsets,
particularly in neonates and children less than 2 years of age. These
challenges lead to concern internationally that despite the implemen-
tation of the legal framework in the United States and from the first
10 years of the Paediatric Regulation in the EU, depending on
the disease and age of the child, 50% to 80% of children are still
treated off-label.*3

Often, drug development proceeds in adults first, and once
approved in adults, medicines are prescribed off-label to children,
out of need, long before an evidence base establishes efficacy, safety,
and appropriate dosing. This is particularly of relevance for the youn-
gest age ranges, as typically, for these groups, dosages are more diffi-
cult to predict, and both the disease and the response to the drug may
differ, to at least some extent. For the last decades, when a medicine is
not authorised for children, paediatric clinical practice will rely on
experience and judgement to determine dosing, using data from
adults, non-clinical studies, case reports, publications, and clinical prac-
tice as standard sources of information. In Figure 1, this situation is
represented as “implicit extrapolation.” “Implicit extrapolation” is
inherently subjective and is not informed by an evidence base that

could lead to a therapeutic indication in paediatrics in a Summary of
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FIGURE 1 Extrapolation and paediatric indication, C. Male EMA
extrapolation workshop* May 2016

Product Characteristics (SmPC). Acknowledging the need to generate
robust evidence on the safety and efficacy of medicines in children,
the practical limitations of conducting clinical studies, and the poten-
tial for data generated in one population (eg, adults) to be useful for
making predictions of drug effects in another population (eg, children),
a systematic and quantitative approach to using available evidence
leading towards evidence-based or “explicit” extrapolation has the
potential to be an important component of the development of med-
icines in children.

Paediatric extrapolation has been described in FDA and interna-
tional guidance to industry at International Council for Harmonisation
(ICH) level over the past decades.>® The FDA published in 1994 an
algorithm, revised” in 2014 which provided an assumptions-based
framework for the extrapolation of efficacy from adults to the paedi-
atric population. Based on US law, the paediatric study decision tree
allows extrapolation if there is sufficient similarity of both (i) disease
progression and (ii) response to intervention between source and tar-
get population.®?

With knowledge and experience in paediatric development
increasing over the years, the EMA identified in its Extrapolation
Concept Paper published'® in 2012 the benefit of going beyond
the FDA algorithm and its set of rules. The concept paper discussed
the possibility to develop an expanded and refined algorithm for
extrapolation allowing for a more refined approach towards paediat-
ric development, relying on three main areas: pharmacology, disease

manifestation and progression, and clinical response to treatment.
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Such an approach is moving away from the prerequisite that the dis-
ease between adult and children should be entirely similar to use
extrapolation; instead, differences, uncertainties, and gaps in knowl-
edge are addressed by evidence generated within an extrapolation
exercise. This aligns the use of extrapolation with the new era of
precision medicine, where medical practice will be based on detailed
genetic and other molecular understanding about a patient and
its disease.

The EMA framework for the use of extrapolation approaches in
paediatric programmes promotes context-dependent approaches for
how different types of prior knowledge, quantitatively synthesised,
could be used to support assumptions or make predictions for treat-
ment effects in a paediatric target population.'* The framework pro-
motes a multidisciplinary approach to integrate the available
evidence in order to determine the studies that should be conducted
in the target population. The concept paper was followed by a DRAFT
Reflection Paper in 2017, which was revised following a public consul-
tation held between'? October 2017 and January 2018. The frame-
work was developed with the input from many stakeholders (EMA
committees and working parties, medicine developers, academia,
patients, and international regulatory partners).

Historically, the evidence base generated on the use of a medi-
cine in children has been insufficient to support a regulatory assess-
ment of positive risk-benefit and inadequate to properly inform
prescribers. Despite an increase in “intuitive extrapolation,” it is
recognised that paediatric development programmes planned in
recent years have continued to be suboptimal. Whilst the difficulties
of conducting clinical trials in children remain, improved understand-
ing of diseases and pharmacology gives the possibility to move
towards “explicit extrapolation” based on scientific rationale. This
should represent a paradigm shift whereby a high-quality evidence
base for the use of medicines in children can be generated, leading
to paediatric indications in section 4.1 of the SmPC®® to reflect in
which disease and target population the benefit/risk balance is
established to be positive.

The use of paediatric extrapolation is now not only a strategy to
increase the efficiency of paediatric medicines development but also
an ethical imperative and part of a new paradigm in global paediatric
drug development.?+1>

This commentary aims to put the Reflection Paper into perspec-
tive by guiding the reader of the regulatory document through its
chapters and expanding on how the Reflection Paper might impact
practical aspects of paediatric development. The section headings
in this commentary provide a direct hyperlink to the corresponding
section of the Reflection Paper under discussion in a copy of
the Reflection Paper that is available as Supporting Information to

this article.

1 | INTRODUCTION

The introduction to the Reflection Paper provides a motivation, stating

that the aims of the Paediatric Regulation,16 which is to ensure that

medicines for use in children are of high quality, are ethically
researched and are authorised appropriately. The primary rationale
for using extrapolation approaches is to avoid unnecessary studies in
the paediatric population for ethical reasons, for efficiency, and to
allocate resources to areas where studies are the most needed. The
Reflection Paper encourages applicants to use integrated approaches
for the planning of extrapolation prospectively and early in the drug
development. It promotes the need for designing and conducting
study(ies) (in adults and/or in older children) with an intention to
inform a paediatric development based on extrapolation. The com-
plexity of this integrated approach requires careful scientific scrutiny,
documentation, and collaboration to ensure that children only partici-
pate in clinical trials that further the scientific understanding of a
medicinal product for use in children and address the requirements
for regulatory decision-making.

2 | SCOPE

The final version of the Reflection Paper aims to assist medicine devel-
opers, regulators, patients and health care professionals, and investiga-
tors and stakeholders, using extrapolation approaches with the
purpose to inform the authorisation and use of compounds in the pae-
diatric population. The team of experts should be supported by the
use of modern tools, such as clinical biomarkers, pharmacometrics,
and statistical models, including physiologically based pharmacokinetic
modelling (PBPK). Appropriate use of such tools has the potential to
enable a faster progress of paediatric development and hence a timely
access for paediatric patients to an authorised medicinal product. On
the other hand, the possibility to use extrapolation rather than to con-
duct stand-alone clinical efficacy and safety studies in the target pop-
ulation might be found attractive simply because of potential savings
in time and cost to the developer. The use of extrapolation should
always be scientifically justifiable, and faster progress should not come
at the cost of increased risk to children. Hence, a thorough under-
standing of the value and limitations of the various tools/methods/
technologies and appropriate use of the data derived from these
should ultimately promote scientifically justified studies in the target
population, a robust clinical evidence base and a better use of
resources. The focus of the Reflection Paper is to provide a framework
for extrapolation as an approach to generate evidence on one or more
specific research questions (cross refer to Section 4) to support regu-
latory assessment of marketing authorisation application in a target

paediatric population.

3 | LEGAL BASIS AND RELEVANT
GUIDELINES

This Reflection Paper should be read in conjunction with the introduc-
tion and general principles of the Annex | to Directive 2001/83/EC as
amended,*” which apply to the request for authorisation of a clinical
trial to competent authorities. Applications for marketing authorisa-

tion submitted to the European Medicines Agency (EMA) that concern
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medicines not authorised in the European Union (EU) on 26 July 2008
must include the results of studies carried out as part of an agreed
paediatric investigation plan (PIP) or information on a PIP deferral or
waiver, except for products authorised under Articles 10, 10a, 13 to
16, or 16a to 16i of Directive 2001/83/EC as amended. The Reflec-
tion Paper refers to a long list of EU and ICH guidelines relating to
paediatric development, which should be considered when planning

and designing paediatric development.

4 | GENERAL CONSIDERATIONS

A fundamental principle underpinning a well-justified extrapolation
exercise under the new EMA framework is that evidence to
support regulatory decision-making is not compromised. An extrapo-
lation exercise with or without (limited) confirmatory data from trials
seeks to generate the same strength of evidence as would be
derived from clinical trials measuring treatment effects in the
target population.

Extrapolation exercises will be constructed for specific research
questions within a development programme to support marketing
authorisation; it will usually be necessary to address research ques-
tions related to pharmacokinetics, pharmacodynamics, efficacy, and
safety. For example, depending on the therapeutic area (see section
5.5) and pharmacological parameters of a compound, evidence of effi-
cacy might comprise demonstration of short-term effects, mainte-
nance of effect, and/or effects on long-term clinical outcomes. Thus,
for each development programme, multiple research questions can
be identified. Extrapolation exercises are more likely to be employed
in addressing research questions related to pharmacokinetics, dose-
response, and clinical efficacy than questions of clinical safety or
where response to treatment will be impacted by maturation. Extrap-
olation of exposure, efficacy, and safety data should be addressed sep-
arately for each age group and/or disease subsets. Safety information
from a source population (eg, the same paediatric population for
another disease or from other drugs with the same of mode of action)
may be used to predict short-term risks related to the mode of action
of the drug and related to dose. However, considering that long-term
risks related to growth and maturation cannot be extrapolated from
adults, generation of new safety data is needed in the target
population to address unexpected (age-specific) risks; thus, to rely
only on extrapolation for understanding of safety will not usually be
possible, certainly for treatments intended to be dosed chronically.
This indicates that a full paediatric development programme can be a
combination of extrapolation exercises and generation of stand-alone
clinical data.

By using relevant and reliable information generated in a source
population and the synthesis (preferably quantitative, guided by the
extrapolation framework table) of available information characterising
similarities, differences, and gaps in knowledge between source and
target populations, this evidence might be derived using fewer paedi-

atric patients in clinical trials.
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The EMA framework introduces, for each specific research ques-
tion to be addressed using extrapolation, an extrapolation concept,
an extrapolation plan, and the mitigation of uncertainties. The extrap-
olation concept, based on the synthesis of available information, is a
statement of the effects of treatment in the target population that
might be predicted if specified assumptions hold true and gaps in
knowledge can be addressed. These assumptions and gaps in knowl-
edge are addressed in prospective studies that are detailed in the
extrapolation plan. Once completed, the data generated lead to the
extrapolation concept being validated or, if needed, revised. Studies
detailed in the extrapolation plan might be continued to provide more
precise estimates of treatment effect and additional long-term data on
efficacy or safety or otherwise to mitigate uncertainties in the extrap-
olation exercise.

Extrapolation exercises can take different forms based on the
therapeutic setting and the available knowledge which might support
an extrapolation plan aiming to establish a dose level that will give
rise to similar exposures in the source and the target populations; a
plan aiming to demonstrate a similar PK/PD relationship; or a plan
aiming to generate some efficacy and safety data in the target popula-
tion that is to be compared with, or pooled with, similar data from the
target population.

In most cases, developing an extrapolation concept should include
a detailed analysis of the mechanism of action of the drug (drug dispo-
sition and pharmacodynamic effects), disease characteristics, and man-
ifestations of the source and target populations. These are to be
synthesised using multidisciplinary techniques in order to make the
best possible predictions for the expected clinical response to treat-
ment for efficacy and safety in the target population and, critically,
to identify uncertainties that need to be addressed to make the
extrapolation concept valid. Factors that might modify the effects of
treatment between source and target populations should be identified.
For factors where reliable and informative data are not available, these
gaps in knowledge need to be investigated in the extrapolation plan. It
is of utmost importance that the best possible predictions about treat-
ment effects in the target population are made (extrapolation concept)
and then the appropriate data collected in the studies covered in the
extrapolation plan that can confirm, amend, or refute the validity of
the predictions.

Importantly, as knowledge increases along the course of the
development, the assumptions made initially may need to be
revisited (iterations) and potentially revised based on newly gener-
ated data. For example, if not supported in a CHMP guideline, the
implications of assumptions introduced into the extrapolation con-
cept such as a proposal ruling out any differences between age
groups and disease subsets and the required data to evaluate the
assumptions in the extrapolation plan could be based on a literature
review supported by M&S. However, if the outcome of the literature
review and M&S cannot confirm the original assumptions and the
impact of the remaining gaps in knowledge cannot be characterised,
it will be necessary to investigate differences between age groups
and disease subsets as part of the clinical studies. Conversely, if dif-

ferences are being ruled out, the clinical studies might particularly
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focus on those age subsets or disease subsets where gaps in knowl-
edge are greatest (eg, infants and neonates). The need for incorpo-
rating emerging data can be outlined as interim steps in the
extrapolation plan.

Indeed, a major emphasis in the Reflection Paper is on the
importance of pre-planning, considering how paediatric development
might be conducted as early as the exploratory phase of develop-
ment in adults (where that is the initial target population). A devel-
opment programme in adults that generates data to support a
future extrapolation exercise might eventually focus the objectives
and reduce the size of clinical studies in different paediatric age sub-
sets. A full understanding of the disease and its epidemiology will
also help in characterising the paediatric population: It might be that
features other than chronological age better distinguish parts of the
paediatric population, eg, genotype or phenotype of disease. In addi-
tion, if a valid extrapolation concept in an extreme of the paediatric
population can be substantiated, interpolation to other parts of the
paediatric population might be justified, again reducing the need
for clinical studies in paediatric patients without compromising the

evidence base to support licensing.

5 | PROPOSED FRAMEWORK

Whereas Section 4 outlines the framework in general terms, Section 5
goes into further details and presents some methodological consider-
ations. Whilst some of the methods referenced are not novel, experi-
ence with their use in extrapolation exercises is limited and research
into methodology to support extrapolation is continuing. Because reg-
ulatory guidance documents should not limit development of method-
ology, it is not in the scope of the Reflection Paper to dictate a
preferred methodological approach.

5.1 | Extrapolation concept: synthesising evidence to
identify gaps in knowledge and to derive expectations
for effects in the target population

Following the public consultation, section 5.1 of the Reflection Paper
has been revised in order to better delineate the steps required not
only to build and structure the extrapolation concept but also to facil-
itate the use and development of model-informed strategies. The eval-
uation of the extrapolation concept submitted will relate to
uncertainties in understanding the compound, the characteristics of
disease in the source and target populations, and the anticipated clin-
ical response to the treatment, including related to physiological
uncertainties.

Ultimately, the outcome of the extrapolation concept exercise
should provide a scientific rationale which, once gaps in knowledge
and uncertainties are identified and addressed, provide knowledge of
treatment effects without a complete set of prospective studies, or

indicate that additional clinical information is needed.

5.1.1 | Existing knowledge and data sources to
develop the extrapolation concept, 5.1.2 Evidence
synthesis leading to expectations for drug effects in
the target population, and 5.1.3 Factors that could limit
extrapolation

The development of explicit qualitative and quantitative hypothesis
on the expected difference in response to the medicine
between the target population and the source population is a
complex matter. These sections outline points to consider in this
respect.

The challenge of an extrapolation approach in initial planning of
paediatric drug development is facing the scarcity of available
“source data” (eg, typically, minimal adult data are available). Whilst
the concept and the plan can develop as knowledge accumulates,
it is of utmost importance to ensure that the selected data sources
gathered are to the highest possible standards in terms of quality,
completeness, and relevance from the source population. Addition-
ally, the Reflection Paper promotes as a crucial step the use of
quantitative methods for evidence synthesis to identify the potential
similarities and potential differences between source and target
population. A specific paragraph states how assumptions and uncer-
tainties should be structured around the main areas of pharmacology
(drug disposition and effect), disease manifestation and progression,
and clinical response to treatment (efficacy and safety). The
assumptions and uncertainties in these areas should establish a line
of reasoning about the relation between dose, exposure, pharmaco-
dynamic effect(s), and clinical response(s) for each target age group
or disease subset. As per the Addendum to ICH E11, in paediatric
development, chronological age alone may not in all cases serve as
an adequate categorical determinant to define developmental sub-
groups in paediatric studies. The arbitrary division of paediatric sub-
groups by chronological age for some conditions may have no
scientific basis and could unnecessarily delay development of medi-
cines for children by limiting the population for study. Therefore,
as per illustrated in Table 1, physiological development and maturity
of organs, pathophysiology and natural history of the disease or con-
dition, available treatment options, and the pharmacology of the
investigational product are factors to be considered in determining
the subgroups in paediatric studies. It is important to note that
Table 1 represents one summary of available information, considering
that the knowledge will accumulate and change over time and
others' approach might be justified. Particularly for modelling and
simulation, the inclusion of factors related to ontogeny or organ
maturity is essential to ensure the accuracy of developed models.
The relevance of factors and therefore their inclusion in the model
should be based on the pharmacology of the drug, the age and phys-
iology of the target population, and the dose and route of adminis-
tration of the drug.2®

With regard to neonates, there are some specific points to
consider, because many diseases in the preterm and term newborn
infant are unique or have unique manifestations precluding
extrapolation of efficacy from older paediatric patients and rather
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call for novel methods of outcome assessment®® than the use
extrapolation.

When qualitative evidence from expert judgement is used, section
5.1.1 refers to (semi) quantitative methods. Although as of today there
is not much experience with these methods at regulatory level, there
are examples in the literature, for example, in Hampson et al?* using
Bayesian methods based on “expert opinion” to incorporate pathophys-
iological or pharmacological assumptions with the response parameter.
Such approach may be an option for situations where reference data
and/or availability of prior knowledge are limited. But it is appropriate
to acknowledge that expert judgement might be a weaker source of
information than empirical evidence from a relevant source population
and hence the extent of data generated in the extrapolation plan might
need to be greater to address the increase uncertainties.

The Reflection Paper also states in section 5.2.2 that for evidence
synthesis, when more empirical approaches are used, appropriate sta-
tistical methods can be applied. Examples of such approaches are well

described and discussed by Weber et al,?®

particularly aspects that
need to be considered in the context of paediatric development when
a large body of evidence is available in the adult setting and would
eventually be combined with limited paediatric information (for exam-
ple, for drugs already licensed in adult). In such setting, an alternative
approach might be to argue for a content-wise reduction of the adult
information (eg, by simply taking the information from young adults
for extrapolation to the adolescent population instead of using the full
trial information).

It is important to note from section 5.1.3 that the use of the
extrapolation framework will not systematically lead to an agreement
by regulatory authorities to use extrapolation approaches for paedi-
atric development. The aim of the section is to give a framework
so that medicines developers and regulators can discuss in a struc-
tured way the strengths, limitations, gaps in knowledge, and uncer-
tainties. The section may allow to anticipate challenges as early as
possible with the emphasis that planning for the paediatric pro-
gramme should not be an isolated aspect of the drug development
programme but, rather, should be considered an integral part in the
overall planning.

Extrapolation should always have a scientific basis and should not
be proposed solely because of feasibility restrictions (ie, where dem-
onstration of efficacy and safety to usual standards is not possible,
eg, because of the rarity of the condition). However, the principles
of the extrapolation framework may be applied in such cases, to high-
light gaps in knowledge and uncertainties and for rational interpreta-
tion of the limited evidence in the target population in the context
of data from other sources. The developer and the regulator should
clearly identify whether a scientific basis for extrapolation is available
or whether the framework is being used simply to provide some
structure and insight into uncertainties in decision-making where data
from a source population is not directly relevant, but generating
adequate clinical efficacy and safety data is not feasible. The latter
might be an acceptable basis for evidence generation where feasibility
is compromised but is not an extrapolation exercise and should not be

referred to as such.

5.2 | Extrapolation plan

The section builds on the previous sections related to the extrapola-
tion concept, discussing the approach to conducting the studies that
will address the assumptions and gaps in knowledge that have been
identified in the extrapolation concept. The section expands on gen-
eral considerations for planning and designing paediatric studies which
include extrapolation approaches. In this context, model-informed
drug discovery and development (MID3)?® methodology is likely to
prove useful; hence, the section encourages the use of MID3 not only
for the purpose of structuring an extrapolation exercise but also for
study design optimisation. To complement this, mathematical optimi-
sation algorithms can be applied to define how to structure data col-
lection to answer focused research questions. These techniques can
be used to determine an optimal sample size, optimal sample times,
and the number of samples required for pharmacokinetic and pharma-
codynamic studies. Risk, value, and uncertainties related to the use of
these methods should be thoroughly described in context of the
indented purpose use and according to the impact on regulatory deci-
sion: to replace the usual evidence base (high impact), to justify the
evidence base (medium impact), or to describe the evidence base
(low impact).?’

This section acknowledges the risks and challenges that are
inherent to paediatric development and the factors that contribute
to variability in drug disposition and response. These risks and challenges
are related to physiological development and include physical growth,
organs maturation, transporters and enzymes ontogeny. Such factors
create size and age-dependent variability in PK parameter; but also play
a role in genetic differences (polymorphisms). If these parameters are
not appropriately reflected, studies can be inappropriately designed lead-
ing to the failure of the paediatric development. The understanding of
the factors that can change the PK and/or PD and thus the dose-
response relationship are the key for an adequate paediatric pharmaco-
therapy across age and disease subgroups. These factors that contribute
to variability in drug disposition and response justify the need for
paediatric-specific endpoints; however, the selection of appropriate end-
points is a critical aspect of trial design and it is important to select to the
extent possible biomarkers and clinical and surrogate endpoints appropri-
ate to both adults and paediatric subsets to minimise differences in clin-
ical outcomes between source and target populations and to avoid
increasing the complexity to set expectations, make predictions, or inte-

grate available clinical data.

5.2.1 | Design of studies in the extrapolation plan
(5.2.1.1 Pharmacokinetic studies and
pharmacokinetic/pharmacodynamic studies in the
extrapolation plan, and 5.2.1.2 therapeutic studies in
the extrapolation plan), and 5.2.2 Regulatory confir-
mation of the extrapolation concept

Sections 5.2.2.1 and 5.2.2.2 provide general recommendations on the
design of paediatric studies when extrapolation strategies are consid-

ered. Having clarity in the trial objectives in terms of the precise
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treatment effect or exposure-response relationship to be estimated is
vital, for the paediatric trial itself and how it relates to any estimated
treatment effect that is being used from the source population.?® It
is also very important to justify and predefine criteria to evaluate the
success of the study(ies).

Whilst in the past sparse exposure-response data have been col-
lected in paediatric development, in the context of explicit extrapo-
lation, pharmacokinetic/pharmacodynamic studies are important in
understanding the dose-concentration-effect relationship and hence
in developing dosing recommendations in children. The section on
pharmacokinetic/pharmacodynamic studies does not introduce any
specific outline for guidance on PK/PD investigations because refer-
ence is made to the “Guideline on the Role of Pharmacokinetics in
the Development of Medicinal Products in the Paediatric Popula-
tion.” However; there are many aspects that have to be considered
when designing PK/PD studies, such as including determination of
the appropriate number of subjects that must be recruited, “optimal”
sample times, and how to handle rich vs sparse data. Answering
these  questions requires previous knowledge of the
pharmacokinetics of the drug under investigation.?? The understand-
ing of clinical pharmacology and of the dose-exposure-response rela-
tionship of the medicinal product usually is established early in
development and in adult healthy volunteers and adult patients,
respectively. As such, dose-ranging studies are often not considered
to be required in children. It is emphasised here that it might be
beneficial to test more dose levels/regimens in children, particularly
if the exposure-response relationship in adults is not known or
cannot be assumed to be the same between adults and children of
all ages.

Additionally, population PK or PK/PD model-based analyses can
be used to guide the dosing regimen in the paediatric population.
The justification for such approach might be a comparison between
PK metrics (eg, plasma concentration) in the adult and paediatric pop-
ulations, so-called PK similarity or PK matching. For such comparison
to be valid, it is of importance that all relevant covariates including size
and maturational changes are captured in the paediatric PK models
and that justification is given why these covariate models will have
high predictive value in the relevant age groups. Furthermore, when
PK comparison between age groups is to be performed, it is expected
that the choice of PK metric(s) is justified based on the exposure-
efficacy and safety relationships in the reference population and that
the decision criteria are pre-specified. Body size relationship can be
described by different scaling approaches including allometric scaling,
and it is often useful to use theoretical values of the exponents (clear-
ance = 0.75 and volume of distribution = 1).2%3! There is ongoing
research in the area, and other allometric scaling values can be justi-
fied.3234 Another alternative is to use physiologically based pharma-
cokinetic (PBPK) models for dose predictions across age. PBPK
models allow for incorporation of multiple levels of information such
as in vitro assay, in silico preclinical PK data, and clinical data including
known information about physiological processes.

Replacement of PK or PK/PD studies with model predictions (sim-

ulations) is only acceptable if the model assumptions and simulation
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properties are well understood and thoroughly described in context
of the intended use of the model. Several approaches can be
employed; population PK(/PD) models and/or PBPK models can be
accepted if adequately justified. Early scientific advice is recom-
mended to discuss such cases.

Therapeutic studies might be required as part of the extrapolation
plan. The relevant section outlines some of the options available to
those conducting an extrapolation plan to generate efficacy data,
whilst acknowledging that the standard hurdle of P < 0.05 may not
be appropriate. The purpose of the study depends on the question
to be answered and the quantity, quality, and scope of the source data
and its relevance to the target population. In some cases, the purpose
would be to rule out any large differences between the predicted effi-
cacy and the actual observed efficacy data. In others, a realistic predic-
tion may not be available, but the source data could still be considered
to have some relevance to the exercise and could justify lowering the
regulatory hurdle without lowering the regulatory standard. Such
approaches could be to use a scientifically justified larger level of
alpha, the type 1 error rate, to widen the non-inferiority margin, or
to formally include the a priori knowledge into the analysis through a
Bayesian paradigm.35'36 The primary purpose of the study should
always be to generate the data required to draw robust conclusions
on efficacy.

The regulatory confirmation of the extrapolation concept section
clarifies the importance of having justified and predefined criteria to
evaluate the success of a study. This approach is directly linked to
the regulatory decision-making and is a plea for structure and clarity
in the applications using extrapolation approaches submitted to
EMA, such as, where possible, a sensitivity analysis (tabulation with
varying assumptions and statistical parameters and the resulting sam-

ple sizes).

5.3 | Mitigation of uncertainty

This section of the Reflection Paper acknowledges the benefits of
continuing to address residual scientific uncertainties in the target
population even once efficacy and a positive risk-benefit having been
established. Given the potential long-term exposure of patients to
these drugs, it is essential to consider whether new approaches are
needed to better understand the safety of long-term use of these
drugs.?” Examples might be where long-term follow-up studies are
required to address uncertainties related to growth and maturation
and specific uncertainties related to the understanding of therapeutic
efficacy and/or safety that have implications for understanding the
benefit-risk of a medicine with the potential to inform better use of
the medicine in clinical practice. Data addressing the identified uncer-
tainties in dosing, efficacy, or safety can be reflected in revisions to
the SmPC.

The revised Reflection Paper specifies that data sources other
than clinical trials can be used in addressing uncertainties. Indeed,
the value and importance of data generated in routine clinical practice

data are increasing. In the future, such data have the potential to track
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the developing child via assessment of longitudinal within-patient
data, which remains a frontier at the moment. Advance planning in
addressing uncertainties facilitates such post-marketing data proving
complementary to well-designed, longitudinal studies in tracking the
standard of care. Using available data from multiple sources to address
gaps in knowledge, may result in the SmPC being updated to provide,
for example, dosing guidance. Routine clinical practice data may ulti-
mately also provide a source for data associated with clinically rele-
vant response to therapy that may complement mechanistic
biomarkers and surrogate markers as the basis for drug approval.
Additionally, the Reflection Paper mentions particularly the use of reg-
istries in the context of extrapolation. Whilst for regulators, the geo-
graphical spread of a registry network is a key factor for
understanding treatment practices and outcomes, data need to be of
appropriate quality.>® The qualification of the European Cystic Fibrosis
Society Patient Registry (ECFSPR) as suitable for performing
pharmacoepidemiological studies, ie, post-authorisation safety surveil-
lance (PASS) and efficacy (PAES) studies to support regulatory
decision-making in medicines for the treatment of cystic fibrosis,3’ is
a step forward towards the use of other sources than clinical trials in

regulatory setting.

5.4 | Decision process for extrapolation and 5.5
Examples of the decision process for extrapolation
(5.5.1. Where PK can be used as a basis of
extrapolation, 5.5.2. Well-studied pharmacological
classes, 5.5.3. Partial similarity in disease
manifestations between populations, and 5.5.4.
Examples where extrapolation is not recommended)

Section 5.4 summarises the thought process for constructing an
extrapolation concept and plan whilst illustrating what are the con-
secutive steps to be followed in order to develop an extrapolation
approach. Additionally, it acknowledges that there is a wide spec-
trum of approaches and study designs that may be acceptable;
hence, section 5.5 rehearses some scenarios where regulators
already have some experience and the types of extrapolation
concept/exercise that might be constructed. As explained in Section
5, it is not in the scope of the Reflection Paper to dictate a pre-
ferred methodological approach; hence, the decision process does
not provide guidance as to whether a specific approach can be
acceptable or not. Each of the step in the process relates to the
relevant sections of the Reflection Paper and hence the extrapola-
tion framework.

As stated above, there are different approaches to extrapolation,
which will be determined by the therapeutic setting and the extent
of available knowledge. There are considerable differences between
therapeutic areas particularly in terms of the knowledge and charac-
terisation of the paediatric pathophysiology and the pharmacology of
a compound under study. For example, in some areas, increasing expe-
rience of extrapolation approaches over time has led to agreed devel-

opment programmes that do not require large and well-controlled

trials in children to establish efficacy, whilst in other areas, some pae-
diatric conditions highlight the challenges to acceptability and use of
paediatric extrapolation, for example, in Gaucher disease, pulmonary
arterial hypertension (PAH), or diseases where there are differences
in terms of neurodevelopment stages, including growth, sexual, and
cognitive development that will impact on both efficacy and safety
endpoints such as for the treatment of autism spectrum disorder
(ASD). The examples used in the Reflection Paper cover a range of
scenarios and include positive (HIV, juvenile idiopathic arthritis, and
Gaucher disease) and negative outcomes of the extrapolation concept
(autistic spectrum disorder). The description includes the extrapolation
concept, the results of the studies covered by the extrapolation plan,
and the regulatory outcome. These examples are for illustration pur-
poses and should be planned and agreed prospectively with regulatory
authorities at an early stage.

6 | SUBMISSION AND REPORTING OF THE
EXTRAPOLATION CONCEPT AND PLAN

The plea for clarity in the applications submitted to EMA extends to
the reporting of the extrapolation concept and plan. Submissions using
extrapolation approaches as part of a paediatric investigation plan or a
scientific advice should follow the procedural guidance available.
However, clearly describing an extrapolation exercise can be expected
to be more complex than a usual paediatric development programme,
and there is the need to ensure appropriate communication between
all the different parties involved alongside of the product life cycle,
including post-licensing for health technology assessment (HTA) and
payers. Principles of evidence-based medicine should be followed
including for modelling and simulation, especially with respect to a
systematic approach, such as completeness of data, assessment and
consideration of bias, and transparency of reporting. During the devel-
opment stages of the medicinal product, to facilitate the understand-
ing and rationale behind the development of the extrapolation
concept and its plan outside of the sponsor team, a summary integrat-
ing all results from the source population and emerging studies in the
target population can be provided.

In line with the principles of extrapolation that is based on extend-
ing information and conclusion from studies and population, the use of
extrapolation in paediatric development may lead to indications that
can be wider compared with the population studied provided that
the extrapolated data support a positive benefit-risk balance in not
studied populations. In this regard, HTAs and payers who have
contributed to the public consultation of the Reflection Paper®®4!
reiterated the need to increase transparency. Therefore, it is to the
utmost importance to provide details of the extrapolation concept
and the results of the extrapolation studies as a scientific basis for
the reasoning behind the indication proposed. To facilitate a better
understanding of extrapolation outcome to all stakeholders, this will
be included after marketing authorisation application in the European

public assessment report (EPAR).
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EXTRAPOLATION FRAMEWORK TABLE

The extrapolation framework table presents a summary of tools and
methods for studies that can be used at the different steps of the
framework for dose finding/confirmation, for characterising disease

progression, and evaluating clinical response in the target population.
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