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Disclaimer



Imagine a rare disease setting with an approved drug in adults…
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Task

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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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
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FDA workshop ADEPT 7 
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• Bayesian borrowing techniques, 
including mixture priors

• Importance of 
– sensitivity analysis
– visualization
– transparency

• See also
– Travis et al. (J Biopharm Stat, 

2023)
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ICH 11A guideline
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https://www.ema.europa.eu/en/documents/scientific-guideline/draft-ich-guideline-e11a-pediatric-extrapolation-step-2b_en.pdf
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Bayesian framework for extrapolation

Important aspects of a 
prespecified efficacy analysis

Evidence from trials in adults
(source population)

Study selection

Priors on treatment effect and 
between-trial heterogeneity

Evidence from new trial in children
(target population)

Variance of weakly informative 
prior component

Relative weight of 
informative prior component

Success criterion

Bayesian evidence synthesis
of phase II/III trials

MAP prior

Parametric approximation
of MAP prior

Robust MAP prior

Design and analysis of trials with
secondary efficacy endpoint

Treatment effect estimate

Posterior distribution of
treatment effect

Sensitivity analysis on relative weight
of informative prior component

E.g., Prob(Δ>0) ≥ 0.95   
(evidence-level of 95%)
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Down-weighting will be required
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Classical (frequentist) meta-analysis of phase II/III trials

Case study using hypothetical data:
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Bayesian meta-analysis and MAP prior derivation

3-component mixture of normals:

MCMC 
samples

Parametric 
distribution

Comp 1 Comp 2 Comp 3

Weight 0.63 0.33 0.03

Mean 0.78 0.79 0.80

SD 0.27 0.71 1.85



• Borrowing becomes dynamic
• Weight w is the belief in target and source being exchangeable
• How do we pre-specify w ?
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Robustification of the MAP prior

Comp 1 Comp 2 Comp 3 Comp 4

Weight 0.63w 0.33w 0.03w (1 - w)

Mean 0.78 0.79 0.80 0

SD 0.27 0.71 1.85 Large

4-component mixture of normals:

Informative component
of weight = w

Robust
component
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Tipping point analysis
Posterior distribution for given weight

Observed or 
hypothetical 

treatment 
effect estimate

Posterior quantiles 
(basis for inference)

Motivated by Best et al. (Pharm Stat, 2021)

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



12

Illustration of dynamic borrowing
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• Use in the trial planning 
– 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
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Uses of the tipping point analysis

Retrospectively

Prospectively
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• Expert judgment 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
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Expert elicitation

Best N, “Using prior 
elicitation and Bayesian 

thinking to help shape 
decision making in the 

pharmaceutical 
industry”, RSS webinar, 

Dec 2015. [#]

Sheffield Elicitation Framework (SHELF)
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https://rss.org.uk/RSS/media/File-library/Events/Webinars/2019/psf-webinar-nicky-best-08-12-15.pdf


• Pre-clinical and clinical evidence

• Clinical experience and opinion

• Inferences in hypothetical scenarios 
– For given point and variance estimate, 

and one-sided evidence level
– Tipping point analysis as a tool

• Operating characteristics
(type I error, power, bias)
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Basis for individual decision on weight

Based on trials
in adults

Informative
component

Null effect
and large variance

Weakly
informative
component

Quantity of
interest

weight = w weight = 1 – w
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• 10 chips need to be placed to create histogram-like data

• No particular shape or symmetry needed
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Task description
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Elicitation results

Descriptive statistics 

of linear pool:

Mean 0.62

Q1 0.54

Median 0.64

Q3 0.73
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Posterior with expert-elicited weight of trials in adults

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

Prob(Δ>0) 
= 0.97

Prob(Δ>0.5) 
= 0.82

Prob(Δ>1) 
= 0.27

Pre-specified success criterion Prob(Δ>0) ≥ 0.95 is fulfilled 
(Importantly, any efficacy claim requiring acceptable safety and PK/PD results)
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Operating characteristics
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• What is the influence of the adult data when making 
inferences based on the total evidence?
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Discussion points

• Expert elicited weights and constraints from operating 
characteristics

• Prior effective sample size

0 1Weight
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R package ‘tipmap‘
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• In drug development for rare pediatric diseases, it is particularly 
challenging to make inferences on efficacy (and safety).

• 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 
often done informally and implicity.
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Take-home messages
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• Developers of rMAP prior approach and RBesT package

• Best et al. (Pharm Stat, 2021)

• SHELF team
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Credit
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Thank you for your interest and attention

24



• Best N, Price RG, Pouliquen IJ, Keene ON. Assessing efficacy in important subgroups in confirmatory trials: 
an example using Bayesian dynamic borrowing. Pharm Stat. 2021;20:551–562.

• Brownstein NC, Louis TA, O'Hagan A, Pendergast J. The Role of Expert Judgment in Statistical Inference and 
Evidence-Based Decision-Making. Am Stat. 2019;73(1):56-68.

• Calderazzo S, Wiesenfarth M, Kopp-Schneider A. A decision-theoretic approach to Bayesian clinical trial 
design and evaluation of robustness to prior-data conflict. Biostatistics. 2022; 23(1):328-344. 

• Dallow N, Best N, Montague TH. Better decision making in drug development through adoption of formal 
prior elicitation. Pharm Stat. 2018; 17(4): 301-316.

• Gamalo M, Bucci-Rechtweg C, Nelson RM, Vanh L, Porcalla A, Thackray H, Cooner F, Cutler L, Friend D, 
Portman R. Extrapolation as a Default Strategy in Pediatric Drug Development. Ther Innov Regul Sci. 2022; 
56(6): 883-894.

• Gosling JP. SHELF: The Sheffield Elicitation Framework. In: Dias L C, Morton A, Quigley J (eds.). Elicitation: 
The science and art of structuring judgement. Springer International Publishing, 2018. 

• O'Hagan A. Expert Knowledge Elicitation: Subjective but Scientific. Am Stat. 2019; 73: sup1, 69-81.

• Neuenschwander B, Capkun-Niggli G, Branson M, Spiegelhalter DJ. Summarizing historical information on 
controls in clinical trials. Clin Trials. 2010;7:5-18.

Literature

25



• Neuenschwander B, Schmidli H. Use of historical data. In: Lesaffre E, Baio G, Boulanger B (editors). 
Bayesian methods in pharmaceutical research. CRC Press, 2020.

• Neuenschwander B, Weber S, Schmidli H, O'Hagan A. Predictively consistent prior effective sample sizes. 
Biometrics. 2020; 76(2): 578-587.

• Ollivier C, Thomson A, Manolis E, Blake K, Karlsson KE, Knibbe CAJ, Pons G, Hemmings R. Commentary on 
the EMA Reflection Paper on the use of extrapolation in the development of medicines for paediatrics. Br J 
Clin Pharmacol. 2019; 85(4): 659-668.

• Schmidli H, Gsteiger S, Roychoudhury S, O’Hagan A, Spiegelhalter D, Neuenschwander B. Robust meta-
analytic-predictive priors in clinical trials with historical control information. Biometrics. 2014;70:1023-32.

• Travis J, Rothmann M, Thomson A. Perspectives on informative Bayesian methods in pediatrics. J Biopharm 
Stat. 2023; in press.

• Weber S, Li Y, Seaman JW, Kakizume T, Schmidli H. Applying Meta-Analytic-Predictive Priors with the R 
Bayesian Evidence Synthesis Tools. J Stat Softw. 2021; 100(19): 1-32.

Literature

26



27

Evidence base for medicine use in children

Adult 
data

Some pediatric data, practical experience

Implicit extrapolation

Reduced PIP based on expert judgement

Intuitive extrapolation

Reduced PIP based on scientific rationale

Explicit extrapolation

Full pediatric development

No extrapolation

Off-label 
use

Pediatric 
authorization

Adapted from Ollivier et al. (2019)



• “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)

28

Subjectivity



• 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
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Further discussion points
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