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Quantitative Systems Pharmacology (QSP) Modeling
Diversity in Complexity and Application

• QSP models are diverse by design: many biological scales, various disease areas, wide range of 

therapeutic modalities

• Diverse datasets used for model calibration and validation

Rare genetic enzyme deficiency
Enzyme replacement

Viral infection
Antiviral therapy

Oncology
Bispecific T-cell engager

Rare endocrine disorder
Hormone analogue

Vpop Vpop Vpop



Credibility assessment of QSP models 
What we have so far: Frameworks, White Papers, Surveys 
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CPT:PSP (2021)

CPT:PSP (2021)

JPKPD (2024)

CPT:PSP (2019)

JPKPD (2024)

• Assessment strategy should depend on Context of Use

• Community has developed a catalogue of assessent items

• Biology as a driver can and should be leveraged in validation

The landscape of QSP modelling and Virtual Populations: from current to best practice

BUT
Current practice is 
highly variable among 
stakeholders
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Credibility assessment of QSP models
What we have so far: Use cases of regulatory use of QSP

• Use cases are useful but only a 
snapshot of past submissions

• Not clear if case studies represent 
totality of best practices moving 
ahead, best for the practitioner 
community to agree on minimal set 

The landscape of QSP modelling and Virtual Populations: from current to best practice



Working Group on Credibility Assessment of QSP for 
Regulatory Use
Working Group launched on 11/2024 under the umbrella of ISoP QSP SIG
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Motivation
Landscape Analysis for QSP in US Regulatory 

Submissions (2024)[1]

[1] Bai JPF et al. Landscape of regulatory quantitative systems pharmacology submissions 
to the U.S. Food and Drug Administration: An update report. CPT PSP, 2024; 00: 1-9. 

Working Group Deliverables (3-year charter)

Primary Goals 
• Identify typical regulatory Context of Use scenarios of QSP models ,

• Propose guidance to assess their credibility and to report them, 

• Work in collaboration with QSP community & agencies through 
webinars, conference/workshop sessions, white papers on best 
practices. 

• Despite increasing number of regulatory submissions with 
QSP MIDD components, there is still no regulatory guidance 
that addresses the specific qualification and reporting 
requirements of QSP models to be acceptable for supporting 
regulatory decision making.  

• QSP practitioners gather in a Working Group to evaluate 
current landscape through QSP SIG

Members: Blerta Shtylla (Chair, Pfizer), Steve Chang (Sims+), Jingqi Gong (GSK), Abhishek Gulati (Merck), Alexander 

Kulesza(ESQLabs), Alexander Ratushny (BMS), Conner Sandefur (Sims+), Brian Schmidt (Mardrigal), Fulya Singh (Genmab), Monica 

Susilo (Genentech), Weirong Wang (JnJ), Susana Zaph (Sanofi)
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Credibility assessment of QSP models
Data, Development Phase and Context of Use

Multidimensional elements underlying QSP model development, which drive inter-model diversity, can be aligned to a four-

component assessment framework.
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Braakman 2022 [PMID 34921743], Chan 2024 [PMID 35953664], Chang 2025 [VPOP Credibility Workshop, Rutgers University, 2025/05/19], Musuamba 2021 [PMID 34102034], Ramanujan 2019 [PMID 30983158], Singh 2024 [PMID 37386340]

Drug development 
phase

Discovery Preclinical Clinical
 

Regulatory Review Post-market

Application Safety Efficacy

Data type(s) In vitro Preclinical Clinical HV Clinical TA-specific

Data quantity Sparse Rich

Validation category
Qualification Within-target Within-pathway Cross-pathway

# of clinical 
comparator trials

0 1 2 … many…

# of regulatory 
approved therapies

0 1 2 … many…

Context of Use: _____ Therapeutic Area: _____Model scope

Important considerations for QSP model development Credibility assessment pyramid
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Spotlight on Virtual Populations
Align on broader terminology to encompass virtual patients and digital twins 

Virtual Subject/Virtual Patient = Single structure & parameterization of the model yielding 

virtual measurements within ranges of corresponding data

- subject = animal, human, cell, pathway, …

Digital Twin = Virtual subject(s) that reproduce selected features of corresponding individual 

subject (e.g. clinical trial patient, individual cyno)
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Virtual Population (VPOP) = Set of virtual subjects that statistically 
reproduce selected statistical features of corresponding population data 
(e.g. clinical trial population)

“Traditional VPOP”:
The VPOP as a whole captures 
the observed statistics of the true 
clinical population of interest.
Each virtual patient in the virtual 
population may not directly 
correspond to an actual individual patient

“digital twin VPOP”
 The VPOP consists of 
digital twins which 
directly correspond to 
actual individual patient 
in the clinical cohorts

M. Susilo & J. Gong, Establishing QSP Virtual Population (VPOP) Credibility Assessment Workshop, May 19th, 2025, Rutgers University

The landscape of QSP modelling and Virtual Populations: from current to best practice



Spotlight on Virtual Populations
Diversity in application
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S. Chang, Establishing QSP Virtual Population (VPOP) Credibility Assessment Workshop, May 19th, 2025, Rutgers University

Virtual Populations 
(VPops) are an 
important part of QSP 
modeling workflows 
and serve many 
purposes that may 
impact model 
credibility 
assessment

The landscape of QSP modelling and Virtual Populations: from current to best practice

Between-subject, population, subgroup, arm, trial differences

Individualized 
predictions

Technical 
tool



Spotlight on Virtual Populations
Some examples of metrics for assessment
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Mock example illustrating us for traditional 
Vpops, example used in Allen, 2016

Visualize

Quantify 

• Selection driven by context of use
• Typically aligned with calibration
• Should be gauged against acceptability criteria 

Credibility assessment pyramid

Accept/Reject

The landscape of QSP modelling and Virtual Populations: from current to best practice

Distributions
and their

characteristics
Errors, error
distributions

and aggregate
metrics
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Spotlight on Virtual Populations
Example workflows using open source "toolbox" of Vpop methods available in 
publications/public github repositories
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Inference (e.g. covariance matrix approach)

Population 
(statistical) 
model

Plausible 
Vpop

Calibration of individual Virtual Patients to Individual Patient data 

Sample

Filter

Reweight

Filter

Matches 
biological 
constraints

Reference 
Virtual Subject

Expand

“digital twin 
VPOP” 

“Traditional 
VPOP” 

Rejected

1. https://github.com/BMSQSP/QSPToolbox 

2. https://github.com/openPfizer/vpop-gen

The landscape of QSP modelling and Virtual Populations: from current to best practice

https://github.com/BMSQSP/QSPToolbox
https://github.com/BMSQSP/QSPToolbox
https://github.com/openPfizer/vpop-gen
https://github.com/openPfizer/vpop-gen
https://github.com/openPfizer/vpop-gen
https://github.com/openPfizer/vpop-gen
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Alternative VpopHybrid Digital Twin – Vpop

Spotlight on Virtual Populations
Evaluating uncertainty within Context of Use

Credibility assessment pyramid

Mengdi Tao (Sanofi), Yili Qian (BMS), Establishing QSP Virtual Population (VPOP) Credibility Assessment Workshop, May 19th, 2025, Rutgers University
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Regulatory readiness
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Credibility assessment pyramid

QSP Vpop Assessment within 
Regulatory Use: 
• No guidelines yet, however recent 

ICH M15 Guideline provides a 
framework. 

• Key components:
▪ Question of Interest
▪ Context of Use
▪ Model risk / impact
▪ Data availability available 

for building vs. assessment

Vpop Validation:

• No "one size fits all"

• Dependent on calibration strategy

• Existent frameworks for 
assessment and reporting exist 
but need to take into account the 
biology as a driver and CoU

• Platform qualification will require cross-stakeholder collaboration, 
consensus on model and pooling data. 

• Qualification of PBPK platforms can instruct on process and requirements

Overarching guideline for MIDD

The landscape of QSP modelling and Virtual Populations: from current to best practice



Key Takeaways

• Diversity = Flexibility vs. Consistency = Standardization

• Maybe no standard workflows are possible but common themes & 

elements 

• Working Group is working towards identifying more commonalities and 

more consistency

o Consensus on terminology best practices

o Reporting Best Practices

o Credibility Assessment Best Practices 

o Synthesize patterns from existing use cases using CoU frameworks

o Evaluate areas of future growth for QSP for regulatory use

o Evaluate mature areas of QSP for regulatory use: cross-company TCE 

learnings and illustrative example toward qualification of QSP frameworks

13 The landscape of QSP modelling and Virtual Populations
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