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From ideas to trustworthy application: a long way to go
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• The goal: „everybody should use it“

• The many obstacles…

• Dead end branches…

• More time than expected…

• Publish or perish..

• The scientific competitors…
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What do we expect from biometrical methods research?
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• Every issue of these journals is full

of newly developed methods

• How many of these methods find 

their way into routine applications?
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How trustworthy are biometrical methods?
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• Well-understood:

• Adaptive designs based on:

• Pretreatment (baseline) data,

• Blinded interim analysis of aggregate data,

• Interim results of an outcome unrelated to

efficacy,

• Group sequential designs, unblinded analyses

for futility,

• …

• Less well-understood:

• Adaptations in dose selection studies,

• Adaptive randomization based on relative 

treatment group responses,

• Adaptation of sample size based on interim

effect size estimates,

• Adaptation of patient population based on 

treatment-effect estimates

• …

Guidance for industry: adaptive design clinical trials for drugs and biologics
Food and Drug Administration, Washington DC, USA (2010)

https://doi.org/10.1016/j.cct.2020.106096

2010

https://doi.org/10.1016/j.cct.2020.106096
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• By 2019, many of the methods were better understood.

• Compared to the initial guidance, this updated guidance provided several examples. 

• These motivating examples introduced the advantages of successfully using adaptive designs in the 

real clinical trials.

Guidance for industry: adaptive design clinical trials for drugs and biologics
Food and Drug Administration, Washington DC, USA (2019)

https://doi.org/10.1016/j.cct.2020.106096

2019

https://doi.org/10.1016/j.cct.2020.106096
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From ideas to trustworthy application: a typical journey
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• The methodological problem is identified

• Ideas are generated and described

• A prototype is prepared and compared to alternative 

methods

• Method is „packaged“, further independent

evaluations

• Detailed evaluations, method fully understood, 

pitfalls and strengths known
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Learning from drug development
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Biometrical methods

Heinze, Boulesteix et al, 
Biometrical Journal 2024
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The phases of methodological research
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Heinze, Boulesteix et al, 
Biometrical Journal 2024
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The role of simulations and synthetic data
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• Phase I: single ‚toy‘ examples – synthetic data

• Used to demonstrate how the method works

• Phase II: limited range of simulation scenarios

• To compare the method with (selected) others

• Still ‚inventor-biased‘

• Phase III: broad range of simulation scenarios

• ‚Neutral‘, wide range of applications in mind

• Phase IV: establishing trustworthiness or
finding breakdown scenarios

• May be very wide simulation studies

• Could be focused on single but likely
‚difficult scenarios‘ (synthetic data sets?)

• May focus on diagnostics for safe application: when is the method preferred?

Development

Evaluation, multiple methods

Evaluation or review: 
one special scenario – many methods

one method – many scenarios



All pictures Wikipedia or Copilot

Example: Firth correction, Phase I
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• Firth 1993:

• Enumerated the exact sampling distribution for a toy application example

• No other empirical data presented

David Firth
University of Warwick
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Example: Firth correction, Phase II
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• Heinze and Schemper 2002:

• Simple simulations:

assuming independence of risk factors,

only dichotomous risk factors,

strong effects only,

limited scope of sample sizes,

‚edgy‘ scenarios
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Example: Firth correction, Phase III
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• Van Smeden et al, 2016

• Highly factorial design of simulation

study

• Focus on Events per Variable

• Realistic effect sizes

• Small number of covariates

• Simple correlation patterns

• High-level summary of results



All pictures Wikipedia or Copilot

Example: Firth correction: 
Phase III, and back to Phases I-II
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• Puhr et al, 2017

• Compared various methods to deal with

separation in prediction setting

• 9 main scenarios

• Mixed types of covariates (realistic)

• Realistic effect sizes

• Realistic sample sizes

• Introduced two new methods to alleviate

known problems with Firth correction:

FLIC and FLAC
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Example: Firth correction: Phase IV
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• Mansournia et al, 2018:

• Team of authors from

‚different camps‘

• Review of the problem,

differences in software results,

review of solutions,

balanced discussion of solutions
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The role of simulations
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• Can play a critical role in each phase

• Phase I: very simple, illustrate feasibility

• Phase II: limited range of scenarios, controlled conditions

• Phase III: broad comparisons, neutrality

• Phase IV: no must, but may reveal weaknesses or demonstrate robustness

• Simulations rarely used alone, but they complement:

• Theoretical analyses by empiricial evidence

• Real-world data analyses revealing aspects of application
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Pitfalls in simulation studies (all phases)
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• Too strong belief in the ‚true model‘:

• What Carlin and Moreno-Betancur describe also applies to simulation studies:

• Don‘t believe that data is ever generated by a ‚model‘ with independent Gaussian

errors

• Phase II studies often exhibit a clear ‚winner‘ method: 

the method that magically captures features of the data generating mechanism

• Should we move on? Towards methods comparison studies!

Separate data generation from data analysis in simulation studies

Carlin and Moreno-Betancur, arXiv 2024
upcoming in Stat Med (2025)
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Don‘t expect anyone to be able to build Rome in one day!
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• Authors of methods research should clearly disclose the phase they‘re

contributing to!

• For Phase I: do not ask authors to prove that their new method works in all 

hypothetical scenario; allow ‚high-risk‘ methods

• For Phase II: reduce the risk: comparison included? Data example?

• For Phase III-IV: specifically check neutrality and broadness of comparisons. 

Realistic data example?

• For Phase IV: is it clear when the method is to preferred over others and when 

not? 
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It is a long way from ideas to trustworthy application!
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• Journals should

• encourage authors to clearly disclose the phase they‘re contributing to!

• Funding agencies should

• not accept proposals that claim to cover all phases
(from invention to implementation)! 

• accept good proposals that aim to evaluate existing methods!

• PhD evaluators, tenure track evaluators should

• see work in context to the phase

• all phases are important, no work needs to cover more than one phase

• consider neutral comparison studies as valuable scientific contributions

• appreciate that they are difficult to design and conduct (not just ‚bigger simulation studies‘)

• Accept that research needs time for development and evaluation!
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Also Vienna wasn‘t built in a day

Center for Medical Data Science – Institute of Clinical Biometrics

Georg Heinze

20

1359-1439
(tower)

1696-1705, 1742-1749 1964-1994

1896-1897

2020-2026*



All pictures Wikipedia or Copilot

Reference

Center for Medical Data Science – Institute of Clinical Biometrics

Georg Heinze

21


	Phases of methodological research – �and the role of simulations
	‚Rome wasn‘t built in a day‘
	From ideas to trustworthy application: a long way to go
	What do we expect from biometrical methods research?
	How trustworthy are biometrical methods?
	How trustworthy are biometrical methods?
	From ideas to trustworthy application: a typical journey
	Learning from drug development
	The phases of methodological research
	The role of simulations and synthetic data
	Example: Firth correction, Phase I
	Example: Firth correction, Phase II
	Example: Firth correction, Phase III
	Example: Firth correction: �Phase III, and back to Phases I-II
	Example: Firth correction: Phase IV
	The role of simulations
	Pitfalls in simulation studies (all phases)
	Don‘t expect anyone to be able to build Rome in one day!�
	It is a long way from ideas to trustworthy application!�
	Also Vienna wasn‘t built in a day
	Reference

