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Openstatsware team

Bayesian MMRMs

{brms.mmrm} package

Future work
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Formed in 

August 2022

56 members from 35 

organizations

(new ones welcome!)

ASA BIOP

European SIG in PSI

EFSPI 

About https://www.openstatsware.org/

https://www.openstatsware.org/
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Engineer 

selected R 

packages

Collaborate with 

other R initiatives 

(e.g. R Consortium).

Develop good 

software engineering 

practices

Goals
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Frequentist 

MMRMs are 

ubiquitous.

Uses TMB for 

robustness and 

speed.

Specifically tailored 

to pharma, strong 

agreement with SAS

known for
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What about Bayesian MMRMs?

• Example: Chronic Pain Master Protocol ISA in chronic lower back pain:

From https://clinicaltrials.gov/study/NCT05086289

https://clinicaltrials.gov/study/NCT05086289
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https://opensource.nibr.com/bamdd/src/02h_mmrm.html


Openstatsware Bayesian MMRM Subteam 

Will Landau

Eli Lilly & Co
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Christian Stock

Boehringer Ingelheim

Yoni Sidi

Sanofi

Andrew Bean

Novartis

Kevin Kunzmann

Boehringer Ingelheim



Goals
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✓ Industry-wide standard implementation of Bayesian MMRMs.

✓ Modern backend tools.

✓ Easy to specify common types of MMRMs.

✓ Analyst-friendly workflow with easy post-processing.

❑ Historical borrowing through informative priors (ongoing). 



New R package: {brms.mmrm}
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{brms.mmrm}: friendly interface for MMRMs with {brms}

{brms}: Bayesian regression models with Stan

Stan: probabilistic programming language 

for statistical modeling and computation.
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Analyst-friendly workflow

Setup and pre-

processing
Modeling Post-processing, 

summaries, and 

visualization

1 2 3

brm_data()
brm_simulate_prior()

brm_archetype_cells()
brm_archetype_effects()
brm_archetype_average_cells()
brm_archetype_average_effects()
brm_archetype_successive_cells()
brm_archetype_successive_effects()

brm_formula()
brm_formula_sigma()

brm_model()

brm_marginal_draws()
brm_marginal_summaries()
brm_marginal_probabilities()

brm_plot_compare()
brm_plot_draws()
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Example pulmonology dataset

• Simulated clinical trial in 
chronic obstructive 
pulmonary disease 
(COPD).

• FEV1 = forced expired 
volume in one second.
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Flexible model specification
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Priors with {brms}
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Fit the model

***Stan automatically throws warnings when convergence diagnostics fail.
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{brms} fitted model object
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Inference on marginal means

See also 
brm_marginal_probabilities():
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Visualize posterior samples
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Compare models and data
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Informative priors

✓ Transparent interpretation of 

fixed effects.

✓ Guardrails so priors have the 

intended effect on the model.

✓ Consistent interface for 

specifying priors.

With {brms.mmrm} archetypesWithout {brms.mmrm} archetypes

❌Hard to interpret specific 

model coefficients.

❌Covariate adjustment risks 

implicitly conditioning on a 

strange reference level.

❌Consistent interface for 

specifying priors.
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Informative prior archetypes

... ... ...
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Transparent interpretation
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Labels for specification

Returns a valid brms prior 

for the important fixed 

effects.
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Everything downstream is the same
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Future and ongoing work

• Multiple historical data sources (e.g. 

computationally efficient meta-analytic predictive 

priors).

• Data sources with misaligned time points.

• Borrowing from a subset of time points.

• Quantification of prior effective sample size.
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Thanks

• Openstatsware

• Bayesian MMRM Subteam

• BAYES 2024
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Appendix: Bayesian MMRM 
definition



Bayesian MMRM definition
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Repeated measures of each patient yn:

Legend



Bayesian MMRM definition
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Independent multivariate 

normal patients n = 1, ..., N:

Legend
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Separately model variances 

and correlations:

Bayesian MMRM definition

Legend
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Distributional regression for 

standard deviations:

Bayesian MMRM definition

Legend

sigma ~ AVISIT*TRT01P + AGE + ...



© 2024 Eli Lilly and Company 34

Priors for parameters:

Bayesian MMRM definition

Legend

Usually unstructured: 

Usually independent 
normals and Student t's


