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The Challenge: 
Regulatory Qualification 
in MIDD

Why mechanistic models need 

robust verification & validation



Requirements of Mechanistic Model-based 
Assessment in a Regulatory Context
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TRACEABLE
Models allow traceability of data, 
assumptions, and parameters 
across molecules (and species).

ACCESSIBLE
Open-access, shared 
libraries, ensuring equitable 
access and trust

MECHANISTIC
Enabling confidence in 
knowledge-based 
extrapolation across data 
gaps

REPRODUCIBLE
Transparent, reproducible 
predictions strengthen 
regulatory confidence.

RELIABLE
Continuous validation, 
automated testing and multi-
institutional verification

QUANTITATIVE
Support quantitative, 
human-relevant decision 
making.

REGULATORY 
PRIORITIES

TRACEABLE

Accessible

MECHANISTIC

RELIABLE

QUANTITATIVE

REPRODUCIBLE



The Regulatory Challenge
Mechanistic models are pivotal but face qualification hurdles

The Promise

• Mechanistic models are pivotal for MIDD

• FDA & EMA guidances endorse PBPK/QSP 

use

• Regulatory decisions increasingly model-

informed

✓ Growing acceptance

Great responsibility
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The Qualification Paradox

The Reality

• No universal qualification framework 

established

• Platform performance verification unclear

• Version control & lifecycle management 

complex

• Transparency requirements challenging?? 

 Implementation barriers

“These challenges exceed any individual organization's capacity"



Transparent 
Infrastructure: 
GitHub Ecosystem

How open source enables 
continuous validation & 
community review



Open Systems Pharmacology Suite:  
PK-Sim® & MoBi®:

An open-source multiscale Physiologically-Based & Mechanistic Modeling platform 

which has been developed and refined for 20 years!
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The OSP’s Philosophy on Openness
Open Access, Open Source, and Open Science
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Open Source since 2017 on GitHub

http://www.open-systems-pharmacology.org/

8+ releases, GPLv2 license

http://www.open-systems-pharmacology.org/
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The OSP’s Philosophy on Openness
Mission & Vision
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The OSP’s Philosophy on Openness
Community-driven development model (Donations across components)
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• DDI

• Special Populations

• Absorption

• PD

• Statistical modelling

• First in Human (IVIVE)

• Omics

• Suite Release Management

• Automation/Qualification

• Community Engagement (PR)

• Biologics

• Nonclinical PBPK

• PBBM

• HT PBPK

• CNS



OSP's Three Pillars of 
Trust

• Software Validation

• CoU Qualification

• Installation Verification
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The OSP Suite Architecture:
PK-Sim, MoBi & R components
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PBPK modeling & simulation

(PB)QSP modeling & simulation

Modeling Tools 

Excel®        CSV

NONMEM®  SBML

Excel®     CSV

PDF         JSON

Import 

Export 

Qualification Framework 

OSP 

Model 

exchange 

format

(PKML)
• Installation 

Validator

• Command Line 

Interface (CLI)

 …

Validation/Automation 

Tools OSP Interfaces 

R (statistical computing)

• Reporting 

Engine

• Plot-Library 

(TLF)

• Parameter 

Identification

…

R packages

PBPK:       

(PB)QSP:  

TLF:Physiologically based pharmacokinetic

(Physiologically based) Quantitative systems pharmacology 

Tables, listings and figures

Project 

snapshots

(JSON)



Quality Assurance of the OSP Suite
Continuous Software Validation & Qualification

OSP Suite is an open-source platform that is developed in a fully transparent manner on GitHub                             

(the largest hosting platform for open-source software).

Two main steps are used to ensure the quality of the OSP Suite: Validation and Qualification.

➢ Platform Validation: the process of confirming that the software does what it is intended to do:                                                

→ verifying that the software correctly performs calculations and simulations based on the underlying 

physiological and pharmacokinetic principles.

➢ Platform Qualification for intended use:

→ assessment of the platform's features, functionalities, and performance metrics in the context of specific use 

cases. 

→ e.g., if a platform is intended to predict DDIs, qualification would include demonstrating that it can accurately 

model and predict these interactions for a range of compounds.
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Continuous Software Validation
A growing, extensive library of test cases tested with validated programs

1. Automated testing of the correct behavior of software modules. 

▪ Tests (unit tests, integration tests...) are triggered with every software build                                             

(e.g. about 11600 automated tests for the 11.3 release). 

▪ New changes are integrated only if all tests are passed.

▪ Full test logs for every software build and release are documented on GitHub and available for 

anyone to view.
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Continuous Software Validation
A growing, extensive library of test cases tested with validated programs

1. Automated testing of the correct behavior of software modules.

2. Automated comparison of simulation results between software versions for specific 

combinations of compounds, organisms, calculation methods and model options..
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1. Automated testing of the correct behavior of software modules.

2. Automated comparison of simulation results between software versions for specific 

combinations of compounds, organisms, calculation methods and model options.

3. Automated testing in different software environments (different operating systems, 

etc.).
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Continuous Software Validation
A growing, extensive library of test cases tested with validated programs



Continuous Software Validation

1. Automated testing of the correct behavior of software modules.

2. Automated comparison of simulation results between software versions for specific 

combinations of compounds, organisms, calculation methods and model options.

3. Automated testing in different software environments (different operating systems, 

etc.).

4. Automated code quality analysis (e.g. static code analysis, test coverage).
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Continuous Software Validation
A growing, extensive library of test cases tested with validated programs



Continuous Software Validation

1. Automated testing of the correct behavior of software modules.

2. Automated comparison of simulation results between software versions for specific 

combinations of compounds, organisms, calculation methods and model options.

3. Automated testing in different software environments (different operating systems, 

etc.).

4. Automated code quality analysis (e.g. static code analysis, test coverage).

5. (Manual) testing of new features by scientific experts.
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Continuous Software Validation
A growing, extensive library of test cases tested with validated programs



Community-Driven CoU Qualification Framework
Automatic (Re)-qualification Workflow
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Model

Library

PK

DataBase

New

Model

New

Data

Model X

Dataset 1

PK-Sim 

Model 1

Qualification 

Plan

Qualification Runner 

& Reporting Engine

New 

____

Release

Qualification Report
AUCR CmaxR

www.open-systems-pharmacology.org



Community-Driven CoU Qualification Framework
Qualification Repository Structure

• Repository landscape with the 

embedded qualification framework. 

• Various input repositories: 

◦ Blue: model repositories for single 

PBPK substance models (including a 

snapshot file and an evaluation plan), 

◦ Orange: dependent (intermediate) 

model repositories needed for specific 

qualification scenarios (including a 

snapshot file for specific simulation set-

up), 

◦ Green: qualification repositories for 

specific qualification purposes, pink 

container 

• The framework extracts PK data from 

the hosted database
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Community-Driven CoU Qualification Framework
Qualification Plans Structure
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• PK-Sim snapshots

• Observed data sets 

(needed for model 

development and 

verification)

• Qualification scenario 

description text modules

• Detailed report settings to 

describe the generation of 

charts and qualification 

measures



Community-Driven CoU Qualification Framework
OSPS Qualified Model Repository
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Installation Verification 

• Installation validation on a target system is ensured by the fully automated Installation 

Validator tool installed as part of the OSP Suite. 

➢ A set of predefined (PBPK) models is being created and simulated in a target modeling 

environment.

➢ Simulation results are compared to the reference simulation results                                                             

(reference simulation results are created and validated during the OSP Release validation). 

➢ A validation 

report is 

generated for the

target 

environment. 
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CoU Qualification in 
Action: Examples

DDI, pediatrics, special 
populations - aligned with 
EMA/FDA frameworks



Community-Driven CoU Qualification Framework
Example: CYP3A4 DDI qualification package
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• A complex network of index compounds ranging from strong induction to strong inhibition

Frechen et al. 2021



Community-Driven CoU Qualification Framework
Example: CYP3A4 DDI qualification package
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Case Study - Successful Regulatory Application
Finerenone PBPK DDI prediction informs US FDA label
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Taken from:

FDA - CENTER FOR DRUG 

EVALUATION AND

RESEARCH

"Integrated Review”
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm

?event=overview.process&ApplNo=215341

→PBPK Review 

p. 202 - 211

https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=215341
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=215341


Addressing EMA Qualification Requirements 

• Direct alignment with EMA 

qualification requirements: 

◦ Platform Qualification and 

Validation ✓

◦ External evidence benchmarking 

and Model Evaluations ✓

◦ Clearly defined processes for 

development and 

qualification/validation ✓

◦ Version control & lifecycle ✓
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Beyond PBPK: 
The Modular MIDD Future

Expanding to PBPK-QSP 
integration and qualification for 
complex translational models



Modular M&S Concept of OSP V12+
Model Building Approach
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A module

Spatial 
Structure

Molecules Reactions
Passive 

Transports
Observers Events

Initial 
Conditions

Parameter 
Values

→ This is the “FULL” breadth of components

from the PK-Sim whole-body PBPK models



Modular M&S Concept of OSP V12+
Model Building Approach
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Modules

PK-Sim PBPK
Modules

Extension (MoBi)
Modules

Individuals

Expression Profiles

+ →

Combined 
Model



Modular M&S Concept of OSP V12+
Model Building Approach
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CompoundA

CompoundB

31 years old female
Extensive metabolizer F e

e

CompoundA effect model
Disease population

Pregnancy



PBPK-QSP Platform Qualification
“Expanded” MoBi Project Snapshot

• Key aspect is the MoBi project

snapshot
◦ PK-Sim modules snapshot(s)

◦ Extension modules as pkml

◦ Observed data

◦ Model configurations & models

– List of all user-defined (parameter) 

values

• RQ Workflow:
◦ Re-create PK-Sim modules

◦ Re-create Individuals and Expression 

Profiles

◦ Re-create model configurations & 

models

◦ Apply user-defined values

◦ Simulate and compare to observed data

◦ Create Qualification Report
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PBPK-QSP Platform Qualification
“Expanded” Qualification Plan and Routine
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Discovery, HTS, 
chem/bio-

informatics data

QST model 
library

(Pre)Clinical 
data 

Clinical trial 
analysisAI/ML

PBPK model 
library

PBPK 
  Model

Extension 
Modules

Discovery, 
Toxicology, 

Translational, 
Clinical teams

PBPK 
Lifecycle

QST 
Lifecycle

Development 
Lifecycle

PBPK-QST Modelling & 
Qualification & 

Reporting

Modular MIDD Ecosystem 
Beyond PBPK to PBPK-QSP Reporting 

Framework 



Take-Aways

OSP = Equitable high-quality 
Solutions for Mechanistic Model 
Development and Qualification



Community Impact & Adoption 

• OSP Community Conference (~105+ Participants yearly)

• Online Training Platform (ESQlabs, ~200+ subscribers)

• Workshops by CROs (ESQlabs, Pharmetheus, BioNotus, …)

• ~ 500+ Peer Reviewed Publications up to 2024 (+ 100 and 

increasing per year

• Regulatory Submissions:
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Drug name Company Indication Link Software

Vesicare LS 
(Solifenacin)

Astellas
Neurogenic detru-
sor overactivity 
(NDO)

https://www.accessdata.fda.gov/dru
gsatfda_docs/nda/2020/209529Orig
1s000ClinPharmR.pdf

PK-Sim® v5.1

Kerendia 
(Finerenone)

Bayer
Chronic kidney 
disease (CKD)

https://www.accessdata.fda.gov/dru
gsatfda_docs/nda/2021/215341Orig
1s000IntegratedR.pdf

PK-Sim V7.4 and 
9.1

Verquvo 
(Vericiguat)

MSD Heart failure (HF)
https://www.accessdata.fda.gov/dru
gsatfda_docs/nda/2021/214377Orig
1s000IntegratedR.pdf

PK-Sim V7.1 and 
MoBi V7.1

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/209529Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/209529Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/209529Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/215341Orig1s000IntegratedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/215341Orig1s000IntegratedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/215341Orig1s000IntegratedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/214377Orig1s000IntegratedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/214377Orig1s000IntegratedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2021/214377Orig1s000IntegratedR.pdf


Conclusions 

Key takeaways:

• Open source ≠ lower quality, 

but = higher quality if community-backed

• Transparency builds trust

• Community approach enables 

content creation and transparent qualification

• Framework ready for regulatory use
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