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and its current execution, EMA, PDCO, PIP, ...
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Drugs and Biologics for the Paediatric Population inthe EU

Because of ethical concerns and practical reasons, for many years drugs
and biologics were primarily evaluated in adults, resulting in ...

e .. off label use in children of medicines authorised for adults;
e . .empirically selected doses based on the weight of the child;

® ... potential exposure of children to unsafe and/or ineffective
treatments.

Off-label drug

‘... remains an important public health issue for infants, children, and
adolescents, because an overwhelming number of drugs still have no
information in the labelling for use in paediatrics” (Neville et al. 2014)



EU Pediatric Regulation: Why, who and what?

= European Paediatric Regulation in 2007
REGULATION (EC) No. 1901/2006 OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL (+ AMENDMENT)
® “Market forces alone have proven insufficient to stimulate adequate
research into, and the development and authorization of, medicinal
products for the paediatric population.”
¢ Paediatric Committee (PDCO) at the European Medicines Agency
(EMA) plays a key role because it “should be primarily responsible
for the scientific assessment and agreement of Paediatric
Investigation Plans” (PIP).
e > 1000 PIPs agreed till 2017, 131 completed by 2016 (Report 10
years of the EU paediatric regulation)



And when do we fix a PIP?

® With regard to the timing of the PIP in the EU regulation :
“aims at ensuring that the development of medicinal products that
are potentially to be used for the paediatric population becomes an
integral part of the development of medicinal products, integrated
into the development programme for adults. Thus, pediatric
investigation plans should be submitted early during product
development, ..."



Advantages of Early PIP

® Farly commitment to avoid any delay of the paediatric development

® Early PIPs allow to plan adults studies in a way to provide specific
data relevant for later paediatric development

® Paediatric obligations are supplemented by a reward of a 6 months
patent extension if all the measures included in the agreed PIP are
complied with

® Consequence of new regulation: in general development programs
for children are laid down (and agreed on by the PDCO) early, often
when, e.g., clinical data on efficacy in adults are still lacking



How many paediatric studies and patients for PIPs

® EU regulation stresses “objectives should be achieved without
subjecting the paediatric population to unnecessary clinical trials ...".

® Refers to the option of fully or partially extrapolating knowledge
and data from adults to paediatric populations (EMA 2013, FDA
2003)

® Extrapolation is an obvious and widely applied approach to reduce
the burden of drug development in children (Dunne et al. 2011, Sun
et al. 2017)



Development of EMA Guidance on Extrapolation

® Framework to specify the
requirements for the amount 0
and type of data to be EUROPEAN MEDICINES AGENCY
generated in the paediatric
population making best use of
all available information. s Reflection paper on extrapolation of efficacy and safety in

+ paediatric medicine development

e March 2013 Concept Paper oot

1 1April 2016
2 EMA/199678/2016

Y April 2016 Draft Reﬂection Draft agreed by Biostatistics Working Party March 2016
. . Draft agreed by Modelling and simulation group March 2016

Paper (first version) pSrs—r——

e Qctober 2017 Draft Reflection e
Pa per (revison) Draft Adopted by PDCO 31% March 2016

Draft Adopted by CHMP 31% March 2016

® QOctober 2018 Reflection Paper
(final)



Definition and Rationales for Extrapolation

“Extending information and conclusions available from studies in one or
more subgroups of the patient population (source population(s)), or in
related conditions or with related medicinal products, in order to make
inferences for another subgroup of the population (target population),
or condition or product (...)"

Rationales

® Avoid unnecessary studies
For ethical reasons and efficient resource allocation

e Optimising decision making when patients are scarce
To make use of all available information
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Extrapolation Framework

Extrapolation
Concept

Extrapolation
Plan

<_|<_

Validation &
Extrapolation

Mitigating
uncertainty and risk

Predictions regarding similarities of pharmacoki-
netics/pharmacodynamics, disease progression, and
clinical response based on basic mechanisms and ev-

idence synthesis.

Proposal for studies in the target population.

® Confirmationa and Validation of the extrapolation
concept.

® Data interpretation based on extrapolation concept.

Measures to generate additional follow-up data to
resolve remaining uncertainties underlying the ex-
trapolation concept.
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The Scope of Extrapolation in PIPs

Full Paediatric Development Extrapolation is Possible

Full programme starting with The extent to which extrapolation is

pre-clinical research and ending with possible ranges in a wide spectrum

two fully powered pivotal Phase IlI of possible reductions in data

studies for diseases only existing in requirements (PK, PD, efficacy, and

childhood safety), e.g. only a single
(pharmacokinetic) case series in
children..

® E.g., a single study in children with a relaxed « level for proving efficacy may be
sufficient for market authorization (EMA, Draft Reflection Paper on
Extrapolation, 2017).

® 2/3 of all paediatric applications at the FDA used partial extrapolation - not a
full program as in adults (Dunne et al. 2011).
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Extrapolation...

® based on the nature of the drug and the disease and on the
similarity between adults and children.

® Feasibility plays an important role.

Main difference in drug development program for

Children

Existing standards how strategies Option of extrapolation opens a
should be set up (their wide variety of new strategies to be
methodological rationale not chosen among.

discussed today)
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PIP - The scope

® However, there are many uncertainties when the possibility of
extrapolation from adults to children and the details of the planned
studies have to be decided on, particularly when new types of drugs
are involved.

e Little methodological work has been done for a quantification of the
uncertainty involved in such decisions.

® The regulation seems to acknowledge this problem: “As the
development of medicinal products is a dynamic process dependent
on the result of ongoing studies, provision should be made for
modifying an agreed plan where necessary. “
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Modification of agreed PIP

® Who can trigger a modification of an already agreed PIP?

® Due to the current execution of the paediatric legislation only the
applicant has the option to request a modification of an already
agreed PIP.

® Under the header “Modification of a paediatric investigation plan*
we find:

e “If, following the decision agreeing the paediatric investigation plan,
the applicant encounters such difficulties with its implementation as
to render the plan unworkable or no longer appropriate, the
applicant may propose changes or request a deferral or a waiver,
based on detailed grounds, to the Paediatric Committee*
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Current Practise of Paediatric Investigation Plan (PIP)

REGULATION (EC) No. 1901/2006 OF THE EUROPEAN PARLIAMENT

AND OF THE COUNCIL (+ AMENDMENT)

® Plan for pharmaceutical and clinical
development in children

® |egally binding

® At the end of phase | of adult
development

® Proposed by the company

® Agreed, modified or declined by the
Paediatric Committee (PDCO) of the
EMA

® | ater modifications possible if
requested by the company

EUROPEAN MEDICINES AGENCY
s NCE MEDICINE

EMA/PDCO/367243/2015

Opinion of the Paediatric Committee on the agreement of
a Paediatric Investigation Plan and a deferral and a
waiver

EMEA-001461-PIP02-14

of the PIP applicant:
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Early decision under uncertainty

® There seems to be no option for the PDCO to reconsider its own
early (uncertain) decisions on a PIP later, e.g., when data and
information from the adult programme and possibly also from
children become available.

® Time intervals between the agreement on the PIP and the actual
start of paediatric clinical studies laid down in the PIP plan can be
quite large, applicants having the option to ask for deferrals.

® By the existing law the committee may be requested “to give its
opinion as to whether studies conducted by the applicant are in
compliance with the agreed paediatric investigation plan*
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PIP - adaptivity

® However, at such an occasion the whole plan may have become
inadequate considering the new evidence.

® Hence here the regulatory process may not follow the scientific
principle of adaptivity, i.e., to learn from increasing evidence.

® Moreover, the reward has to be granted also when the paediatric
development failed, as long as the agreed PIP had been followed
accordingly - even if there were a great need of procedural and
scientific improvements.

® Thus also the PDCO should have the option to request a later
reassessment of the agreed PIP - potentially revising its earlier
decisions!
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Adaptive PIP

® |n majority of applications the current practice of handling PIPs may
be sufficient.

® However, acknowledging that early decisions on drug development in
children may be decisions under high uncertainty, the PDCO should
have the option to ask for an adaptive paediatric investigation plan
(APIP):

® Such a plan should lay down an adaptive framework with an explicit
request of a reassessment of the development plan later on, e.g.,
shortly before the studies in children are actually started or when the
data for registration in adults have become available.
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Adaptive PIP

e Commonly studies in children are not started before registration in
adults. Dense timelines similar to the existing ones should prevent
delays of the registration in adults. A justification of the strategy
has to be given.

® |f such a type of development plan would be agreed on early, a
further (final) agreement would be due later summarizing the
reassessment performed. Hence new scientific and administrative
challenges may arise for the applicant and the regulators (would
everyone like it?).

® However, adaptive development plans to be started with could be
rather of strategic nature and less elaborate in details of studies to
be planned.
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Evidence, Eminence and Extrapolation

® Regulatory decisions should follow scientific principles and not vice
versa.

® |t was motivated by our own experience about the ad hoc character
of important decisions on drug development in a sensitive and
vulnerable population by a committee with a great ethical and
scientific responsibility for an important public health issue.

® |t aimed at some quantification of the uncertainty involved in early
decisions on extrapolation (going beyond common expert eminence).
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Can one Quantify the Prior Information on Similarities?

"Quantitative approaches that summarise the prior information
whilst integrating expert judgement could be considered as part
of the extrapolation exercise, although methods to do this are
still in the early stages of development. *

DRAFT REFLECTION PAPER ON EXTRAPOLATION OF EFFICACY AND SAFETY
IN PAEDIATRIC MEDICINE DEVELOPMENT, EMA, 2016
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A Quantitative Concept for Extrapolation

Statistics

Research Article

wary 2016 in Wiy Onlne Libery

(wileyonlinelbrary.com) DO 10.1002/im 6865

Evidence, eminence and extrapolation

Gerald Hlavin," Franz Koenig," Christoph Male,” Martin Posch®
and Peter Bauer”
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How to Specify the Level of Evidence for Trials in Children?

e Consider the setting where a PIP is specified (and data of pivotal
trials in adults are not yet available).

e Can we relax the standard significance level for pivotal trials in
children, taking into account that
® the drug will have been approved for adults (based on pivotal trials)
and

® results from future adult trials can be extrapolated to a certain extent
to children.

® How to choose the relaxed significance level?

When approving the drug for children, our confidence in the efficacy
of the drug in children should be not less than the confidence in the
efficacy of the drug in adults.

24



Confidence in Efficacy in Adults

What is the probability that the drug is effective in adults, given a
successful adult development program?

A priori probability (before entering Phase 3) that
the drug is effective in adults 1 — r,

|

Probability of effect in adults, 1_ _ (1-B)1-r)
given a successful Phase 3 Ya) = @-B.)A-ra)tar

Significance level of Power of adult development
adult development program program



How to determine the prior probability for efficacy 1 — r,?

e FElicitation from expert knowledge

® Estimation from historic Phase 3 success rates
For example:
® In oncology, 40% of new compounds entering Phase 3 are proven to

be effective.!
® Under the assumption that the success rate is based on developments

with two pivotal trials at overall level 0.025% and power 80% we
obtain 1 — r, = 0.5.

1Hay et al. Clinical development success rates for investigational drugs. Nature biotechnology 2014;
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The confidence for efficacy in adults

Given a prior belief 1 — r, = 0.5 the confidence in efficacy conditional on
a future successful adult development program is:

1 — v, =0.973 if a single trial at level 0.025 and power 90% is performed

1 —~,=0.9992 if two trials are performed such that the overall level is
0.0252 and overall power is 80%.

prior adults posterior adults prior children posterior children
G G Gn G
successful extrapolation successful
development based on development
in adults scepticism s in children

at the adjusted
level ayq;
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Extrapolation from Adults to Children

What is the confidence for efficacy in children conditional on a future
successful drug development in adults?

® |et the Scepticism s denote the probability that efficacy in adults
cannot be extrapolated to children.
® With probability 1 — s the confidence in efficacy in adults directly
transfers to efficacy in children.
® With probability s extrapolation cannot be applied and the confidence
for efficacy in children needs to rely on other sources.
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Early Confidence for Efficacy in Children

...conditional on a future successful drug development in adults

1- Va
Same confidence for
efficacy as in adults

Full Extrapolation?

1-gq
Confidence from other
sources

The overall early confidence for efficacy in children conditional on a
future successful drug development in adults is

1—re=1-5)(1-7)+s(l—q)



Conditional future confidence for efficacy in children

conditional on a successful drug development in children at level cag;

prior adults posterior adults prior children posterior children
successful extrapolation successful
development based on development
in adults scepticism s in children
at the adjusted
level cvyg;

Which significance level c,4; do we need to apply in children to achieve
the same confidence for efficacy for children as for adults?

(1—05)(1—re)

1-7.= =1 =
) (1_-v))c)(1_rc)+aadjrc )
confidence confidence
efficacy adults efficacy children
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The significance level a,q; depending on

Adjusted Significance Level g

1.0

0.8

0.6

0.4

0.2

0.0

— 1-y,=0.973
- = 1-y,=0095
. 1-y,=0.9

Scepticism s

e Scepticism s

Power for the
paediatric study
1-5.=038
Confidence in
efficacy in
adults
1—7v,=0.973

Targeted
confidence in
efficacy in
childrenl — . =
0.973

Assumed
probability of
efficacy without
extrapolationl —
qg=20
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Online R-Shiny Extrapolation Application

Adjust the significance level, based on prior information

Alphalevel ofthe acultsudy program Adjostedsnfcancelevel  Fower

® R-Shiny Extrapolation App by Gerald Hlavin (beta-version)
® http://www.ideal-apps.rwth-aachen.de:3838/Extrapolation/
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Impact on sample sizes needed

For example

e RCT with two treatment arms (experimental vs control)
e Compare

® Extrapolation Approach using adjusted level (depending on s)
® Standard RCT at one-sided level o = 0.025

® both powered at 80%
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Impact on sample sizes needed for RCT with 2 arms

Relative sample size

2.0

15

1.0

0.5

0.0

— 1-y,=00973
- = 1-y,=0095
. 1-y,=0.9

0.2 0.4

\
0.6

Scepticism s

0.8

1.0

Power for the
paediatric study
1-5.=038
Confidence in
efficacy in
adults
1—7v,=0.973

Targeted
confidence in
efficacy in
childrenl — . =
0.973

Assumed
probability of
efficacy without
extrapolationl —
qg=20
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To demonstrate, how to determine
®s
®q
°r

|
Unfortunately, we are not aware of a real case study yet.
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Hypothetical Case Study: Humira

® 2003 registration of Adalimumab at the EMA for moderate and
severe active rheumatoid arthritis in adult patients.
® 2008 registration for juvenile ideopathic arthritis based on a single
randomized withdrawal study in paediatric patients:
® Primary outcome measure: proportion of patients who had a disease
flare during the 32 week double-blind phase
® Significance level: 0.025 (one-sided). Power: 0.8 for a 40 %
difference between treatments.
® |n the population of primary interest a p-value of p = 0.015 for the
primary outcome measure has been observed.
® The committees concerned agreed that a single successful
confirmatory study would be sufficient for registration.

Which scepticism s is compatible with the strategy to require a single
study only?
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Case Study (continued)

What is the largest Scepticism factor such that only one pivotal study at
level 0.025 (one-sided) is required to achieve the same final confidence in
efficacy as in adults?

1-q=0,1—8,=1— B =0.80

Prior Adults 0.1 0.3 0.5 0.7 0.9
1—r,

Posterior Adults 9930 .9982 .9992 9997 .9999
1—7,

Maximum Scepticism s 178 .053 .024 .010 .003

(1—7=1-1a)

Maximum Scepticism s 467 469 470 470 470
(1=~ =0.973)
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How to Quantify Scepticism? A Challenge to the Experts.

The elicitation of s will be informed by
® Evidence synthesis concerning the disease, the patient population,
the medicinal product, ...
® Modelling and simulation to predict the translation of treatment
effects from adults to children.

® Expert opinion

Similarly, the parameters 1 — r, (prior success rate of new compounds in
adults) and 1 — g (prior confidence in efficacy if extrapolation is not
possible) need to be elicited.

This framework formally incorporates prior information and expert
knowledge, while still applying frequentist testing albeit at a modified

significance level.
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How to choose the level of confidence 1 — ~.?

e |s it reasonable to require confidence levels of 0.9992 (0.973) for
drug licensing?

® |s it reasonable to require lower confidence levels in vulnerable
populations?

® Should the choice be based on decision theoretic approaches that
quantify the costs of false positive and false negative conclusions,
benefits and risks?

Summary

Our framework formally incorporates prior information and expert
knowledge, while still applying frequentist testing albeit at a modified
significance level.



Challenges in a Potential Regulatory Application

® Estimation of the parameters based on robust evidence synthesis
methods taking into account pharmacometric modelling.

® Results may depend sensitively on the assumptions.

® PIPs agreed on in early phases may need to be modified when data
from studies in adults become available. However, modifications of
an approved PIP can currently only be requested by applicants.

® If data in adults become available, more sophisticated Bayesian
approaches may be applied to adaptively modify the pre-planned
paediatric development programme.
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Summary - Adaptive Paediatric Investigation Plans

VIEWPOINT

Pharmaceutical
Statistics

(wileyonlinelibrary.com) DOI: 10.1002/pst 1762

Published online 12 July 2016 in Wiey Online Library

Adaptive paediatric investigation plans, a
small step to improve regulatory decision
making in drug development for children?

Peter Bauer* and Franz Konig

2016 The Authors.

explicitly foresees re-evaluation
modifications can also be requested
by regulators

more strategic, less elaborated on
details of studies to be planned
justification of strategy and
timelines

adaptive interim analysis in
paediatric trials

Change of (interpretation) EU
legislation

HTTP://DX.DOL.ORG/10.1002/PST.1762
(OPEN-ACCESS)
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Summary - Adaptive Paediatric Investigation Plans

® Regulatory decision making may improve by adapting to incoming
evidence

® Regulatory decision making should follow scientific principles and
not vice versa

® To benefit from extrapolation approaches more strategic planning is
needed

® Adaptive PIPs natural framework to adapt accordingly when new
evidence (adults, paediatric, other indications/drugs) becomes
available

® Braveness to use, assess and accept other (unknown) methods of
inference (Bayesian, ...)

® Hopefully improves the quality of important public health decisions
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Thank you for your attention!
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