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Can open-source meet the rigorous 
demands of regulatory science?

“In industry the drug is a pill in a box, in 
academia the target discovery is already a 
drug, and all the rest is just technicalities”

Source: https://blogs.sciencemag.org/pipeline/archives/2019/02/01/rep-ocasio-cortez-and-where-drugs-come-from
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Open-source can meet the rigorous 
demands of regulatory science 



Why open 
source?



Scientific & regulatory advances

1998 2015 2023

2020



These updates are changing how we analyse 
and report clinical trials

Source: 

https://advance-phuse.atlassian.net/wiki/spaces/WEL/pages/26804662/Implementation+of+Estimands+ICH+E9+R1+using+Data+Standards
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Adequate handling of missing data essential 
for estimation of treatment policy estimand

• Standard MMRM models often do not adequately handle missing data

• Common models for imputing missing data in treatment policy setting
– Reference-based multiple imputation (RBMI), e.g., jump-to-reference, copy reference, etc.

– “Retrieved Dropout”

Subject 1

Subject 2

Subject 3

EndpointRandomisation

Intercurrent event (IE)

Study withdrawal

Observed response (off treatment)

Unobserved response (to be imputed)



Only open-source software available for 
reference-based and RDO imputation

Methodology goes back to Carpenter et al.

• “We have implemented our proposal in a generic 
SAS macro, which, together with instructions, is 
freely available from www.missingdata.org.uk.”

• Website now defunct

Method not implemented in commercial software 
package, e.g., SAS BASE

• Various open-source solution exists

– SAS: %5macros, %RMConjPlus, %MISTEP

– R: {rbmi}

For a complete history of the SAS macros, refer to: Roger, J. Other statistical software for continuous longitudinal endpoint s: SAS 
macros for multiple imputation. https://baselbiometrics.github.io/home/docs/talks/20221208/5_JamesRoger%2020121118.pdf

https://www.tandfonline.com/doi/full/10.1080/10543406.2013.834911
https://baselbiometrics.github.io/home/docs/talks/20221208/5_JamesRoger%2020121118.pdf


{rbmi} recommended after internal review:
based on software engineering best practice

rbmi %RMConjPlus

Design principles

Version control (i.e., Git, SVN)

Issue tracking

Consistent and readable code style

Documentation

Unit and integration tests

Publication on website and repositories



Adopting Open-
Source challenge
s traditional ways 
of working



When the rubber hits the road

Source: https://www.youtube.com/live/t33dS17QHuA?si=jO4hb5Wp-gaPGUYu
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Collaborating across groups to find the root cause

Stress-testing reveals 
additional discrepancies 

in ~ 1 in 200-800 runs 
with the “fixed” version

TMB RcppEigen

SH*T
21st

Injected custom 

code into rbmi
package for 

debugging, issue 

with {mmrm} found

Submitted 

GitHub issues 
for {rbmi} & 

{mmrm}

Setting free memory 

list & content with 
valgrind seems to 

make outputs 

deterministic

Recompiled R + all packages 

with level-2 valgrind
instrumentation. Found 
usage of uninitialized 

memory inside a call to 
Eigen in {mmrm}

Uninitialized 

memory is only in 
the call to Eigen 
through {TMB}

Call with Daniel 

Sabanes (RCONIS; 
{mmrm} maintainer)

Daniel independently 

reproduces the issue. 
Patching Eigen fixes the 

problem.

We loop in the author & 
maintainer of {TMB}.

{TMB} has a fixed 

branch on GitHub

August 16th
22nd 23rd 27th 28th 29th September 2nd

30th

https://github.com/insightsengineering/rbmi/issues/420
https://github.com/openpharma/mmrm/issues/462
https://cran.r-project.org/package=mmrm


Transparency fostered trust

Confidence was restored through fast, open & transparent* 
collaboration with the developers and maintainers:
→ From the identification of bug to its fix, it took only two weeks!

Changes between {TMB} & {mmrm} releases documented on GitHub / CRAN:
• https://github.com/kaskr/adcomp/compare/v1.9.14...v1.9.15

• https://cran.r-project.org/web/packages/TMB/NEWS

• https://github.com/openpharma/mmrm/compare/v0.3.12...v0.3.14

• https://cran.r-project.org/web/packages/mmrm/news/news.html

The problem is now fixed for everyone!
See the RCONIS Blog: https://www.rconis.com/blog/mmrm-tmb-debug/

13

* {rbmi} issue: https://github.com/insightsengineering/rbmi/issues/420

{mmrm} issue: https://github.com/openpharma/mmrm/issues/462

{TMB} issue: https://github.com/kaskr/adcomp/issues/398
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The pilot also lead 
to further 
innovations



{beeca}: Binary Endpoint Estimation with 
Covariate Adjustment

• Structured ARD output supports clinical reporting 
• Facilitates results re-use and reproducibility



We actively exploring ARDs in our studies

1. Study Pilot: learnings

Value: management of a large set of results prior 

for downstream use in a complex hierarchical 

testing strategy

2. Refine and Scale: mosaic 

Value: automate our standard outputs through domain-

level ARDs. 

Mosaic will eliminate double programming for these 

outputs.

Automated User-driven



Mosaic: From results as TFLs to results as datasets

Primary Objectives

Automate the generation and QC of our standard TFLs

Rapid iteration for rendering TFLs

Validated, standardized, machine readable results 

for further use (e.g. apps, genAI)

Standardise the Analysis Results Dataset (same 

format for all outputs)



Conclusions and 
key messages



Open-source can meet the rigorous 
demands of regulatory science 



Thank you

Contact: mark.baillie@novartis.com

mailto:mark.baillie@novartis.com
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