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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
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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
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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.
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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



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;



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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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.



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)
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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— B)(1—
1—7= ( C)( rC) =1 =
confidence (1 n ))C)(l N rc) + aadj fe confidence

efficacy adults efficacy children




The significance level a,q4; depending on the Scepticism s
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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?

11



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)
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Challenges in a Potential Regulatory Application

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

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 (Propose Adaptive PIPs, Bauer and
Koenig 2016).

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

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

13
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This project has received funding from the European
Union’s 7th Framework Programme for research,
technological development and demonstration under
Grant Agreement no 602552.
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