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2-arm RCT with a single stage design
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• Test of primary endpoint

• Traditionally frequentist test

• Is there a point of using Bayesian analysis if one would use non-informative priors?

• Testing of primary and secondary endpoints

• Multiplicity addressed by closed testing procedures (e.g., hierarchical test)

ooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooo
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2-arm RCT with an interim analysis
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Still many will select frequentist approaches

• Early stopping (efficicay / futility): group sequential designs (Pocock 77, OBF 79, 

Jennison & Turnbull 00, …)

• Testing of primary and secondary endpoints

• Already more tricky, e.g., cannot simply perform a hierarchical test

• Inflation of type 1 error if secondary endpoint is tested at full level alpha after primary

reached statistical significance (e.g, Hung et al. 2007, Glimm et al. 2010) 

ooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooo
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2-arm RCT with an interim analysis
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• Sample size reassessment

• Blinded (e.g, see papers by Friede et al.)

• Unblinded: Adaptive frequentist tests (e.g., Bauer et al, 2018)

• Adaptive combination test (Bauer 89, Bauer & Köhne 99)

• Conditional Error (Müller & Schäfer 99)

• What about change of allocation ratio?

• If changed once in a single interim analysis, type I error can be controlled by adaptive tests

ooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooo
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2-arm RCT with response adaptive randomisation
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• Response Adaptive Randomisation (RAR)

• Tricky to control type 1 error with frequentist methods

• Strict control possible using CE principle conditioning on an artificial design (which actually will 

never apply)

• Usually evaluation & calibration of type 1 error rate with simulations

• Use of Bayesian methods seems more reasonable to comply with very adaptive nature of RAR

ooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooo
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Trial Designs with pre-defined subgroups
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• Suppose two biomarker-defined, disjoint subgroups

have been identified before starting  the trial

• Test of the null hypotheses in each subgroup 

• Is there a need to adjust for multiplicity?

• Because two hypotheses are tested, without adjustment the familywise error rate (FWER) will be inflated.

• Therefore, typically a multiplicity adjustment is required

• For umbrella (or basket trials), it has been argued that in certain settings no FWER is necessary

• Collignon, Olivier, et al. (2020). "Current statistical considerations and regulatory perspectives on the planning of conrmatory
basket, umbrella, and platform trials." Clinical Pharmacology & Therapeutics 107.5: 1059-1067.

• Collignon, O., Posch, M., & Schiel, A. (2022). Assessment of tumour-agnostic therapies in basket trials. The Lancet Oncology, 
23(1), e8

• What are optimal designs? Single stage or adaptive trials?



Optimising trial designs under uncertainty
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• Use Bayesian techniques

• Define a gain function as a measure of overall trial performance, e.g.,

• But one needs to define prior uncertainty on the effect sizes how to design the trial

• Maximise the Bayes expected gain over important design parameters a



Use Decision Theoretic Approaches for Design Optimization
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• Trial designs, sample sizes, adaptation rules and 
multiple testing procedures can be chosen optimal 
with respect to a utility function.

• Optimal trials depend on prior assumptions on the 
effect sizes and subgroup prevalence.

• More complex utility functions can be considered, 
accounting for costs, observed effect sizes, precision 
of estimates, the true treatment effects etc.

• To control FWER use adaptive closed tests
• Koenig, F., Brannath, W., Bretz, F., & Posch, M. (2008). Adaptive 

Dunnett tests for treatment selection. Statistics in Medicine, 27(10), 
1612-1625.

• Bauer, Peter, et al. "Twenty-five years of confirrmatory adaptive 
designs: opportunities and pitfalls." Statistics in Medicine 35.3 
(2016): 325-347



What about having many baskets?
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• Natural to borrow strength from „similar“ 

baskets

• More natural to use Bayesian approaches

• Control of type 1 error less criticial, as

basket trials are mainly in exploratory

phase II setting. (e.g, see Review by Meyer 

et al 2020)

Subgroup 1

Subgroup 2

Subgroup 3

Subgroup 4

…

Subgroup l

Subgroup k

…

…



Trial Design (Adaptive/Basket/Umbrella/Platform/…)
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• Bayesian decision theoretic methods to optimize trial designs

• Sample sizes

• Allocation ratios

• Endpoints and testing procedures

• Number of treatment arms

• Stopping rules

• Adaptation rules

• The Bayesian approach is used only to optimize the design of the study.

• The analysis of the trial can still be frequentist (e.g., for pivotal trials) or Bayesian 

(e.g., Phase IIb in Basket trials).

• Too complex trials may require simulation to evaluate the operating characteristics.



Separate trials, multi-arm trial and platform trials
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• Multi-arm multi-stage trials that allow new 
experimental treatment arms to enter and leave the 
trial at different times

• Treatments to be studied no defined upfront

No adjustment
accross studies

Traditionally adjustment
e.g., Dunnett-test

???
Some debate whether adjustment necessary
[Stallard et al. 2019, Collignon et al. 2020a, 2020b, Park & Weir (2020), 
Bretz & König (2020), Nguyen et al (2022), Koenig et al (2024) ..]

And if you want to adjust, for how many?
[Online methods, Robertson et, Zehetmayer, …]



Platform Trials
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Design Characteristics of Platform 
Trials

• Multi-armed trials

• Interim analyses & adaptations 

• Treatments to be studied not defined 
upfront but may enter during the 
course of the trial

• Control arm(s) can be shared

• Control arm(s) may change over time

• Populations for the different treatments 
may not be the same (Umbrella type 
trials)

• Designed as trial with a Master Protocol 
with several sub-studies



FWER when ignoring multiplicity & adaptations
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SSR*= Adaptive sample size re-estimation on unblinded data

What can go wrong:  Comparing of k treatments with a control

What is the most

extreme T1E rate:

• If only a single interim analysis 

is conducted

• And if SSR* conducted…

• In addition also adapt 

allocation ratio (unbalanced)

• But analysis not corrected
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• Platform design with parallel cohorts each 

consisting of control and active therapy and 

option to share control data

• Amount of concurrent control data depends

on open cohorts

• Interested in two primary endpoints (NASH 

resolution and fibrosis improvement)

• Interim analysis (based on surrogate

endpoints) for efficacy & futility

• Superiority not sufficient, interested in 

different level of evidence

https://doi.org/10.1371/journal.pone.0281674

For more information see
presentation by Elias Meyer on 
Wednesday



Different stakeholders interested in different levels of evidence
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• Using a closed test and adaptive combination test would become more and more burdensome. 

• As exploratory study control of FWER considered not as critical

• Use of Bayesian multi-level decision rules to deal with two endpoints, interim analyses, etc

• Assessment of operating characteristics via simulations

• Early discussion with both EMA and FDA (e.g, see Gidh-Jain et al 2024; Nguyen et al. 2024)



Enriching the analysis with further data?
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Enriching the analysis with further data?
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Circumstances in which the use of external/historical/non-
concurrent control is recommended or deemed acceptable

Concerns raised with the use of historical/external/non-
concurrent controls



Enriching the analysis with further data

19

• Methods to incorporate external / non-concurrent controls

• Test-then-pool approaches; Frequentist and Bayesian regression model approaches; Propensity score approaches and 
baseline covariates-adjustments; Power prior and commensurate power prior; Hierarchical models; Elastic prior

• Not clear how to incorporate external data with frequentist method if strict control of type 1 error rate required

• Some will depend on certain assumptions

• Even more lost with interim analyses

• More natural place for using Bayesian methods

• However, no strict control of type 1 error rate (Kopp-Schneider et al. 2018)



What about using only data from the platform
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“Treatment-control comparisons in platform trials 
including non-concurrent controls”. (2024). M. Bofill 
Roig, P. Krotka, K. Hess, F. Koenig, D. Magirr, P. Jacko, 
T. Parke, and M. Posch.

“On model-based time trend adjustments in platform 
trials with non-concurrent controls”. (2022). M. Bofill 
Roig, P. Krotka, CF. Burman, E. Glimm, K. Hess, P. 
Jacko, F. Koenig, D. Magirr, P. Mesenbrink, K. Viele,
and M. Posch. BMC Medical Research Methodology
https://doi.org/10.1186/s12874-022-01683-w



Inference in model based approaches
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Some analysis methods to incorporate NCC

• Separate approach: Analysis using only 

concurrent controls.

• Pooled approach: Analysis pooling concurrent

and non-concurrent controls

• Model-based approaches1

• Frequentist regression method2

• Bayesian Time Machine3

Bofill Roig et al. 2024



Type 1 error in platform trials with equal time trends across arms
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Frequentist model controls the type I error (T1E) under the assumption of equal time trends. In addition the 
T1E control of the Time Machine depends on the assumptions on the prior for the time drift

Bofill Roig et al. 2024



Power in platform trials with equal time trends across arms
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Frequentist and Bayesian model-based approaches improve the power as compared to separate analysis 
using only CC. (The time machine would behave similar to regression model if more conservative prior 
would have been chosen).

Bofill Roig et al. 2024



Conclusions
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• The combination of Bayesian techniques and adaptive (frequentist) tests should be

way forward to optimize trial designs

• For more complex adaptations (with higher frequency and flexible timing) difficult to

implement under frequentist adaptive closed testing framework

• However, insisting on strict control of FWER may prevent the use of alternative 

methods

• Or require reliance (and acceptance) on simulating important operating characteristics

• It is not Bayesian vs Frequentist, the assumptions an analysis is based matters!

• However, if single arm trials are conducted in certain situations, this should also 

facilitate the use of Bayesian methods incorporating both adaptations, evidence from

2-arm RCT and non-concurrent control (or external) data.
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Bayesian Conditional Power

Assurance


