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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 that were authorised
for adults;

e ...empirically selected doses based on the weight of the child;

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

= European Paediatric Regulation in 2007



e Paediatric Investigation Plan (PIP)

REGULATION (EC) No. 1901/2006 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL (+ AMENDMENT)

EUROPEAN MEDICINES AGENCY
s NCE MEDICINE

e Plan for pharmaceutical and clinical

EMA/PDCO/367243/2015

development in children
At the end of phase | of adult o e e S e e
deVelOpment ::ﬂaEIXf);lAGl—PIPOZ—M
° Proposed by the com pany Scope of the application

Active substance(s):

Acotiamide

e Agreed, modified or declined by the = cwmr
Paediatric Committee (PDCO) of the  rmeseome

oated tablet
E M A Route(s) of administration:

‘corporate name of the PIP applicant:

e Later modifications possible if e
requested by the company osi for opinion

qulation

e Legally binding

ided by the applicant on 20 May 2015. The applicant proposed
modifications to the paediatric investigation plan.



Development of EMA Guidance on Extrapolation

e Framework to specify the
requirements for the amount
and type of data to be
generated in the paediatric
population making best use of
all available information.

e March 2013 Concept Paper

e April 1, 2016 Draft Reflection
Paper (open for comments later
this year)

O

EUROPEAN MEDICINES AGENCY
SCIENC S HEALTH

E MEDICINE

1 April 2016

2 EMA/199678/2016

Reflection paper on extrapolation of efficacy and safety in

+ paediatric medicine development

s Draft
Draft agreed by Biostatistics Working Party March 2016
Draft agreed by Modelling and simulation group March 2016
Draft agreed by PKWP March 2016
Draft agreed by Scientific Advice Working Party March 2016
Draft Adopted by PRAC 17* March 2016
Draft Adopted by PDCO 317 March 2016
Draft Adopted by CHMP 31% March 2016




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, to make inferences for another subgroup of
the population (target population), or condition or product
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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, to make inferences for another subgroup of
the population (target population), or condition or product

(.)"
Rationales

e 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



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



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).
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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
e the drug will have been approved for adults (based on pivotal
trials) and

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

e 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.

11



Confidence in Efficacy in Adults

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

Probability of effect in adults, _ (1-B.)1-r)
given a successful Phase 3 Ta) = @-B)i-r)tar
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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-Ba)(1-r)
given a successful Phase 3 Ta) = @-B)i-r)tar

Significance level of Power of adult development
adult development program program
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How to determine the prior probability for efficacy 1 — r,?

e Elicitation from expert knowledge

e Estimation from historic Phase 3 success rates
For example:
e In oncology, 40% of new compounds entering Phase 3 are
proven to be effective.l
e 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.

'Hay et al. Clinical development success rates for investigational drugs. Nature biotechnology 2014;

13



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

1—~,=10.9992 if two trials are performed such that the overall
level is 0.025% and overall power is 80%.
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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 —~,=0.973 if a single trial at level 0.025 and power 90% is
performed

1—~,=10.9992 if two trials are performed such that the overall
level is 0.025% and overall power is 80%.

prior adults posterior adults

successful

development
in adults
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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?

o Let the Scepticism s denote the probability that efficacy in
adults cannot be extrapolated to children.
o With probability 1 — s the confidence in efficacy in adults
directly transfers to efficacy in children.
o With probability s extrapolation cannot be applied and the
confidence for efficacy in children needs to rely on other
sources.

15



Early Confidence for Efficacy in Children

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

1-— Ya
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-s5)(1-7)+s(l—q)

16



Conditional future confidence for efficacy in children

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

prior adults posterior adults

successful

development
in adults
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Conditional future confidence for efficacy in children

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

prior adults posterior adults
1 B ’ya i
successful extrapolation
development based on
in adults scepticism s
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Conditional future confidence for efficacy in children

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

prior adults posterior adults prior children
T vccesstul 1 - "7’3 “extrapolation
successful extrapolation
development based on
in adults scepticism s
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Conditional future confidence for efficacy in children

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

prior adults posterior adults prior children
successful extrapolation successful
development based on development
in adults scepticism s in children
at the adjusted
level cvg;
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conditional on a successful drug development in children at level cag;

prior adults posterior adults prior children posterior children
e P
successful extrapolation successful
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at the adjusted
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Which significance level c,g; do we need to apply in children to
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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
e P
successful extrapolation successful
development based on development
in adults scepticism s in children
at the adjusted
level cvg;

Which significance level c,g; 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,q4; depending on the Scepticism s

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

® Targeted
confidence in
efficacy in
children

| 1—7.=0.973

® Assumed
probability of

\ T T T T \ efficacy without
0.0 0.2 0.4 0.6 0.8 1.0 extrapolation
1-g=0

1.0

0.8
|

0.4

Adjusted Significance Level g
0.2

0.0

Scepticism s
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Online R-Shiny Extrapolation Application

Adjust the significance level, based on prior information

Alphalevel ofthe acultsudy program Adjostedsnfcancelevel  Fower

e R-Shiny Extrapolation App by Gerald Hlavin (beta-version)
e http://www.ideal-apps.rwth-aachen.de:3838/Extrapolation/

19



Impact on sample sizes needed

For example

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

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

e both powered at 80%

20



Impact on sample sizes needed for RCT with 2 arms
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Impact on sample sizes needed for RCT with 2 arms
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RCTs or single arm trial?

STATE ART
S

“Threshold-crossing”: A Useful Way to Establish
the Counterfactual in Clinical Trials?
H-G Eichler', B Blocchl-Daum?, P Bauer®, F Bretz", ] Brown®, LV Hampson®, l"Hong M Knms

H Leufkens’, R Lim'®, MM Lu mpkn' MJ Murpl yz F Pignatti', M Posch®, § Schneew
M Trusheim™ and F Koenig®

e EMA data transparency initiative

e make use of available data

e protocol to select controls
o define threshold

e single arm trial

e comparison against threshold (and
historical controls)

® HTTP://DX.DOI.ORG/10.1002/CPT.515
(OPEN-ACCESS)

“eolegale, Pernahan, U

S VOLUME 00 NUNBER 0 MONTH 2016 1
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To demonstrate, how to determine
e s
°q

e r
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To demonstrate, how to determine
s
°q
or

|
Unfortunately, there is no real case study yet.

23



Hypothetical Case Study: Humira

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

24



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

(1—vc=1—"a)

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
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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)

25



How to Quantify Scepticism? A Challenge to the Experts.

The elicitation of s will be informed by

e Evidence synthesis concerning the disease, the patient
population, the medicinal product, ...

e Modelling and simulation to predict the translation of
treatment effects from adults to children.

e 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.

26



Challenges

How to quantify similarity?

Slide from C Male, GRIP Workshop, Glasgow, June 2013



Challenges in a Potential Regulatory Application

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

e Results may depend sensitively on the assumptions.
e 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.

e |f data in adults become available, more sophisticated
Bayesian approaches may be applied to adaptively modify the
pre-planned paediatric development programme.

28



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

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

e Is it reasonable to require lower confidence levels in vulnerable
populations?

e 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.



Other selected highlights [and collaborators] in WP4

e How to incorporate safety data in adapting the significance
level?
[HLAVIN, HAMPSON]
e Extensions of MCPMod to allow
e confirmatory testing (Closed MCPMod)
e adaptive interim analysis using combination tests
[KRAZSNOZHON, BORNKAMP, GLIMM, BRETZ, WASSMER]

e Issues with response adaptive designs in small populations
[KRAZSNOZHON, ROSENBERGER, HEUSSEN, HILGERS]
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[MAGIRR, JAKI, POSCH, BRUECKNER]

e Targeted theraphies: subgroup identification and confirmatory
testing
[PoscH, GRAF, ONDRA, BURMAN, JOBJOERNSSON, BECKMAN,
STALLARD, SUGITANI, BOGDAN, FROMMLET]
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