Partial extrapolation in pediatric drug
development using robust meta-analytic
predictive priors, tipping point analysis
and expert elicitation

Christian Stock, Morten Dreher, Elvira Erhardt,
Heiko Miiller, Oliver Sailer and Florian Voss

Bayesian Biostatistics 2023, Utrecht, NL, 27 October 2023

-~

Boehringer
Ingelheim



Disclaimer

* The views and opinions expressed in the following
presentation are those of the presenter and may not be
attributed to his employer.

* The presentation is the intellectual property of the presenter
and is protected under copyright.
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Task

Imagine a rare disease setting with an approved drug in adults...

4 Pre-specify an efficacy analysis )
in an underpowered pediatric trial

(focussing on PK/PD and safety) with a fixed

sample size that borrows information from

\_ existing trials in adults )
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 Introduction: extrapolation in pediatric drug development

A case study using a Bayesian framework
— Robust meta-analytic predictive (MAP) prior
— Tipping point approach
— Expert elicitation for determination of weights

* Discussion and take-home messages
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FDA workshop ADEPT 7

Bayesian techniques in pediatric studies:

 Ethical imperative to minimize extent of trials
 Trials more consequential

* Assumption of clinical equipoise undermined

« Evidence for similarity of disease and treatment response

« Innovative statistical methodologies encouraged

» Acceptance of raised alpha-levels

« Transparency in data analysis and methodologies is critical
* More frequent interactions with regulators needed

™ Boehringer
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ICH 11A guideline

 Bayesian borrowing techniques, )‘ ICH @)
'i n CI u d'i ng m 'iXtu re p r‘i O rS harmonisation for better health EUROPEAN A/\LL}IL:INES /\L;LNLY{

06 April 2022
EMA/CHMP/ICH/205218/2022

[ ) I m p O rta n Ce Of Committee for Medicinal Products for Human Use
—_— Se N S'it'iV'i ty a N a |yS'i S g&l: nguideline E11A on pediatric extrapolation
— visualization

_— tra n S p a re n Cy Transmission to CHMP 8 March 2022

Adoption by CHMP 24 March 2022

) S e e a I S O Release for public consultation 06 April 2022

— Travis et al. () Biopharm Stat,

Comments should be provided using this template. The completed comments form should be
sent to ich@ema.europa.eu

2023)
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https://www.ema.europa.eu/en/documents/scientific-guideline/draft-ich-guideline-e11a-pediatric-extrapolation-step-2b_en.pdf

Bayesian framework for extrapolation

|

Important aspects of a
prespecified efficacy analysis

Study selection

Priors on treatment effect and
between-trial heterogeneity

Variance of weakly informative
prior component

Relative weight of

informative prior component

|

Evidence from trials in adults
(source population)

Bayesian evidence synthesis
of phase II/III trials

!

MAP prior

!

Parametric approximation
of MAP prior

!

Robust MAP prior

\

f Evidence from new trial in children )
(target population)

| J/

Ve

Design and analysis of trials with
secondary efficacy endpoint

[ Treatment effect estimate J

———

Ve

Success criterion

J

~

E.g., Prob(A>0) = 0.95
(evidence-level of 95%)

Boehringer
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Posterior distribution of
treatment effect

N\

J/

4 \
Sensitivity analysis on relative weight
of informative prior component
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Classical (frequentist) meta-analysis of phase II/III trials

Case study using hypothetical data:

Weight Weight

Study TE seTE 95%-Cl (common) (random)
Study 1 0.63 0.7500 0.63 [-0.84; 2.10] 6.9% 6.9%
Study 2 1.25 0.9000 = 1.25 [-0.51; 3:01] 4.8% 4.8%
Study 3 0.69 0.7500 + 0.69 [-0.78; 2.16] 6.9% 6.9%
Study 4 0.92 0.3000 . 0.92 [0.33; 1.51] 43.3% 43.3%
Study 5 0.65 0.3200 — 0.65 [0.02; 1.28] 38.0% 38.0%
Common effect model < 0.80 [0.41;1.18]  100.0% -~
Random effects model - 0.80 [0.41; 1.18] --  100.0%

Heterogeneity: 12=0%, 1% =0, p=0.95 | | [ I I I
-3 -2 -1 0 1 2 3
Treatment effect estimate

> Down-weighting will be required
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Bayesian meta-analysis and MAP prior derivation

— Density of MAP Prior 6,
Study 2 /}
Study 3 1 I'_ Chain
—> | \ MCMC -
smd;-s- I samples — ;
Mean / A
-1 3 —‘3 (') eéx rli |9
Parametric Mixture Density (black line) and Histogram of Sample 3'C0m ponent mixtu re o f norma |S:
— | Comp1] Comp2 | Comp3
arametric
g distribution Weight  0.63 0.33 0.03
a
:> Mean 0.78 0.79 0.80
SD 0.27 0.71 1.85
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Robustification of the MAP prior

] Weight
Mean
SD

0.0+

25 00 25 5.0
Treatment effect

* Borrowing becomes dynamic

4-component mixture of normals:

| Comp1 Comp2 | Comp3 | Comps_
0.03w | (@-w)
0.0 [
1.85 | Large |

0.33w
0.79
0.71

J \ J

Y

Informative component

of weight =w

I

Robust
component

« Weight w is the belief in target and source being exchangeable

 How do we pre-specify w ?
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Tipping point analysis

Posterior distribution for given weight

Al
r N\
it T o '
2 e —
"é \\ \~\;~ \\~___~|_-—_- ..................................
Observedor 3 A
. (0] . N —
hypothetical 5 - LT T T T TR T e e
treatment i g — '
effect estimate/?y A S -
Ve _"/’/' ‘ ______________________
0 Cod - v oo
= NPT S
T -
ll al ’ . . .
PR : Posterior quantiles
- : (basis for inference)
Trialintarget O 01 02 03 04 05 06 07 08 09 1 MAP MA
population prior

Weight on informative component
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Posterior quantile
+ 2.5%/97.5%

== 5%/95%

==+ 10%/90%

== 20%/80%

11



[llustration of dynamic borrowing

Treatment effect estimate

24 T 2
14 I 14 I
0 T O'ﬂ 1
,1 - —1 -
24 24
5 3]
Tiglintarget 0 041 02 03 04 05 06 07 08 098 1 MAP MA Talntargel 0 01 02 03 04 05 08 07 08 08 MAP A
population prior population ) ) ) prior
Weight on informative component Weight on informative component
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Uses of the tipping point analysis

* Usein the trial planning Prospectively >
— to explore hypothetical scenarios
— to pre-specify a primary weight of the informative MAP prior
component
—in expert elicitation exercises

* Use in the interpretation of observed results

— “reverse-Bayes” method
— Sensitivity analysis < Retrospectively
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Expert elicitation

e Expertjudgment can be formally
considered for statistical
inference and decision-making

» Process of expressing expert
knowledge about uncertain
quantities as subjective
probability distributions

 Practically desirable since it
allows for realistic inferences in
face of sparse data

™ Boehringer
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Sheffield Elicitation Framework (SHELF)

elicitation

Problem definition (project team)

Limited /conflicting
evidence;
high uncertainty

Best N, “Using prior

thinking to help shape

Post-elicitation phase (facilitator) elicitation and Bayesian
decision making in the

pharmaceutical

industry”, RSS webinar,

Dec 2015. [#]
14


https://rss.org.uk/RSS/media/File-library/Events/Webinars/2019/psf-webinar-nicky-best-08-12-15.pdf

Basis forindividual decision on weight

nre—clinical and clinical evidence \

 Clinical experience and opinion
» Inferences in hypothetical scenarios

— For given point and variance estimate, | [SE—_—  Weakty
and one-sided evidence level component component
— T 1 1 1 ased on trials Null effec
Tipping point analysis as a tool pasedon rals - Nulleffect
» Operating characteristics weight=w  weight=1-w
utype [ error, power, bias) / I
Quantity of
interest
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Task description

This bin covers
weights between
0.4 and 0.5

This expert has
assigned 3 of 10 chips
on weights between 0.5
and 0.6, specifying

his/her probability on
thisinterval is 0.3

0 0.1 02 0.3 0.4 05 08 07 08 09 1
Prior weight on adult data

« 10 chips need to be placed to create histogram-like data
« No particular shape or symmetry needed
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Elicitation results

Fitted beta distributions and linear pool

Descriptive statistics
of linear pool:

0.62 2]
(m}
0.54
0.64
0.73

0.0 01 0.2 03 0.4 05
Weight

Boehringer
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Ingelheim Partial extrapolation in pediatric drug development | Utrecht, 27 October 2023

06

0.7
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0.9

10

Expert

~— Expert1
—— Expert2
— Expert3
—— Expert4
—— Experts
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Posterior with expert-elicited weight of trials in adults

Pre-specified primary weight (=0.62) [fully specified prior]

— 1.000
31 B :
AN 2
© & AT T - 20731
© NN el T ]
E N TNme T b 3
@ PNL_ T B 3
5 R R S I g
2 : 2 05004
] . 5}
I T it e =
£ T ST S
g o — =
= o E .............. | 2
W et =
4 % : =]
.5,/’ : E 0.1784 /
k4 M o
-1 L :
- 0.0354 I
T I. I. T T - T T T T T T T T T 0.000 T T T T T T
Trialintarget 0 01 02 03 04 05 06 07 08 09 1 MAP MA -05 0.0 05 10 15 20
population prior Quantile
Weight on informative component of MAP prior Prob(A>0) Prob(A>0.5) Prob(A>1
=0.97 =0.82 =0.27

Pre-specified success criterion Prob(A>0) = 0.95 is fulfilled
(Importantly, any efficacy claim requiring acceptable safety and PK/PD results)
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Operating characteristics

~

Probability of success

Type 1 error

1.00 1.00
0.754 0.754
0.501 501
0.251 0.25+
0.00 T T T 0.00
0.00 0.25 0.50 0.75 1.00 0.00
Weight of informative MAP prior component
Boehringer

Ingelheim
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025 0.50 0.75
Weight of informative MAP prior component

1.00

— g=0.1
— @=0.05
- g=0.025
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Discussion points

« Expert elicited weights and constraints from operating
characteristics

0 Weight

 Prior effective sample size

« What is the influence of the adult data when making
inferences based on the total evidence?

™ Boehringer
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R package ‘tipmap"

tipmap: Tipping Point Analysis for Bayesian Dynamic Borrowing

Tipping point analysis for clinical trials that employ Bayesian dynamic borrowing via robust meta-analytic predictive (MAP) priors. Further functions facilitate
expert elicitation of a primary weight of the informative component of the robust MAP prior and computation of operating characteristics. Intended use is the
planning, analysis and interpretation of extrapolation studies in pediatric drug development, but applicability is generally wider.

Version: 0.5.2

Depends: R(=3.5.0)

Imports: dplyr, magrittr, purrr, ggplot2, RBesT, assertthat, stats, furrr, future
Suggests: knitr, rmarkdown, tidyr, tibble, testthat (> 3.0.0)

Published: 2023-08-14

Author: Christian Stock [aut, cre], Morten Dreher [aut], Emma Torrini [ctb], Boehringer Ingelheim Pharma GmbH & Co. KG [cph, fnd]
Maintainer: Christian Stock <christian.stock at boehringer-ingelheim.com=
BugReports: https://github.com/Boehringer-Ingelheim/tipmap/issues

License: Apache License 2.0

URL: https://github.com/Boehringer-Ingelheim/tipmap
NeedsCompilation: no

Materials: README NEWS

CRAN checks: tipmap results

Documentation:

Reference manual: tipmap.pdf

Vignettes: Determining a weight of the informative prior component
Introduction to the 'tipmap' package
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Take-home messages

-/In drug development for rare pediatric diseases, it is particularly\
challenging to make inferences on efficacy (and safety).

e Bayesian extrapolation techniques are increasingly used and
recommended to incorporate evidence from trials in adults.

« Dynamic borrowing via mixture priors combined with tipping
point analysis and expert elicitation to pre-specify priors, can
help to formalize and bring transparency into a process that is

then done informally and implicity. /
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Credit

-

* Developers of rMAP prior approach and RBesT package
* Best et al. (Pharm Stat, 2021)
« SHELF team

\_

~

.m, }i{’;;};i;gnf' Partial extrapolation in pediatric drug development | Utrecht, 27 October 2023

23



Thank you for your interest and attention

FaW
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Evidence base for medicine use in children

Off-label

Implicit extrapolation use

Intuitive extrapolation

Pediatric
authorization

Explicit extrapolation

No extrapolation

Adapted from Ollivier et al. (2019)



Subjectivity

« “We must accept that there is subjectivity in every stage of
scientific inquiry, but objectivity is nevertheless the
fundamental goal. Therefore, we should base judgments on
evidence and careful reasoning, and seek wherever possible
to eliminate potential sources of bias.”

Brownstein et al. (2019)

« “Judgment is necessarily subjective, but should be made as
carefully, as objectively, and as scientifically as possible.”

O’Hagan (2019)

@ Boehringer
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Further discussion points

 Validity
— Complexity of ’statistical questions’ to experts
— Degree of subjectivity and cognitive biases
* Regulatory aspects
— Internal decision-making < regulatory decision-making
— Clinical experts’ perspective <« regulatory perspective
« Statistical
— Propagation of uncertainty
— Effective sample size
 Feasibility and scalability

m Boehringer
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Application

Estimating the effect of nintedanib on forced vital capacity in children and adolescents with fibrosing interstitial
lung disease: extrapolation using a Bayesian borrowmg approach

Toby M Maher, Kevin K Brown,? Steven Cunningham,® Emily M DeBoer,** Robin Deterding,** Elizabeth K Fiorino,

'? Lisa R Young, ™ Martina Gahlemann," Florian Voss, ? Christian Stock'? on behalf of the InPedILD trial investigators
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Hannaver Medical School, Hannoves, Germany; *Children's Hospital Los Angeles, Los Angeles, CA, USA; BDivision of of sa, Philadielphia, PA, USA; *Boehringer Ingelheim (Scirweiz) GmibH, Basel, Switzerland “Boehiinger &Co.KG, Rhein, Germany.
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