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To facilitate the development, exploration, and distribution of QSP 
models using an interactive graphical environment
• Streamlined calibration of QSP models simultaneously to data collected across multiple 

experimental conditions

• Exploration of parameter uncertainty and biological variability via generation of virtual 
populations

• Generation of robust model-based predictions with virtual populations aided by 
interactive visualizations. 

• gQSPSim works with SimBiology-built models

• Cross-platform compatible sessions files that can be easily shared between modelers

• Documentation of the workflow for reproducibility and transparency

• Open-source platform: users who would like to contribute to the development of 
gQSPSim are invited to contact us.

• Review of all model based analyses via GUI for non-modelers 
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• Introduction
• Workflow for QSP model development and utilization

• Overview of gQSPSim framework, building blocks and functionalities

• Demo

• Showcase features of gQSPSim with TMDD model



Six Stages of QSP model development and Implementation
Workflow & Technical Methodologies: 5
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Six stages of QSP model 
development & implementation

1. Identifying project needs & goals

2. Defining model and project scope

3. Representing the biology

4. Capturing behaviors

5. Explore knowledge gaps & variability

6. Supporting experimental & clinical design

Gadkar et al, CPT-PSP  2016

• Typically an iterative process

• Needs to be adapted to specific project

• Model based “value” addition at each stage



Using Virtual Subjects to Represent Uncertainty & Variability 6
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Reference virtual subject (Ref VS)
Virtual subject with virtual measurements representative of 
corresponding real-world data in a specified patient phenotype
• e.g., severe vs. moderate vs. mild disease activity

Virtual Cohort
Collection of “candidate” virtual subjects with alternate structures 
or parameterizations each yielding measurements consistent 
with corresponding data

Virtual Population (VPop)
Set of virtual subjects (from a virtual cohort) that is selected and 
statistically weighted to reproduce selected statistical features of 
corresponding data 
• e.g., mean and std. dev. of biomarker measurements

Virtual subject (VS)
Single structure & parameterization of the model yielding 
virtual measurements within ranges of corresponding data
• subject = animal, human, cell, pathway, …



gQSPSim Resources 7

© 2014, Genentech / Proprietary information — Please do not copy, distribute or use without prior written consent 

• QSPC2021 Workshop
• Journal Publication: https://www.ncbi.nlm.nih.gov/pubmed/31957304

• Matlab Central:
https://www.mathworks.com/matlabcentral/fileexchange/73631-gqspsim

https://www.ncbi.nlm.nih.gov/pubmed/31957304
https://www.mathworks.com/matlabcentral/fileexchange/73631-gqspsim
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Expert Modeler

Session File

Tasks

1

2

3

4

1. The modeler builds models and projects in SimBiology®

2. The SimBiology® models are used to create tasks in the session file in gQSPSim GUI environment
3. The modeler adds parameter files, datasets, acceptance criteria, target statistics and virtual population files
4. The modeler can perform various functionalities in gQSPSim
5. The outputs of functionalities are saved and the modeler can use interactive visualizations to generate figures

.sbproj File #m

…

…

…

.sbproj File #1
Model #1

• Diagram
• Doses
• Variants
• Parameters
• Species
• Rules
• Reactions

Model #2

Model #n

…

Parameters

gQSPSim GUI

Datasets

Acceptance Criteria

Target Statistics

Virtual Subject(s)

Building Blocks

Simulation

Optimization

Virtual Cohort 
Generation

Virtual Population 
Generation

Functionalities

5

SimBiology®



gQSPSim performs “Functionalities” using “Building Blocks” as input 9
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gQSPSim (Genentech QSP Simulator)

Functionalities
1. Simulation: simulates one or more virtual subjects for the desired scenarios 

2. Optimization/Calibration: produces reference virtual subject

3. Virtual cohort generation: produces a collection of virtual subjects

4. Virtual population generation: weights virtual subjects to match data

Building blocks
1. Tasks (used for all functionalities)

2. Parameters (used for cohort generation, optimization)

3. Optimization dataset (used for optimization)

4. Acceptance criteria (used for cohort generation)

5. Target statistics (used for virtual population generation)

6. Virtual populations (used for simulation)



The simulation functionality requires task(s) and virtual subject(s) as 
inputs to generate desired model outputs
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Simulation

Tasks

Reference 
Virtual Subject

Virtual 
Cohort

Virtual 
Population

Either one of these are 
required inputs and we 

will refer to this as 
“Virtual subjects”

A list of scenarios to be 
simulated for the model



Screenshot of the basic building block of “Task” 11
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“Task” is a virtual experiment corresponding to a specific real experiment
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Simbiology model selection via dropdown menu 

Select available “variants” 
for the particular simulation 

Select available doses to 
be used for the particular 
simulation 

Select available outputs for 
plotting or export

Optional advanced feature to select sub-modules from 
the main model

Simulation settings: 
simulation time; sampling 
time



The simulation functionality requires task(s) and virtual subject(s) as 
inputs to generate desired model outputs

12

Simulation

Tasks

Reference 
Virtual Subject

Virtual 
Cohort

Virtual 
Population

Either one of these are 
required inputs and we 

will refer to this as 
“Virtual subjects”

A list of scenarios to be 
simulated for the model

Model parameters 

Optional 
prevalence weight

Virtual subject(s) is an excel file



Optimization functionality generates a reference VS such that it matches 
the available datasets across different scenarios 
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Optimization

Datasets

Reference 
Virtual Subject

Tasks
Collection of data for 

different scenarios to be fit  

Dataset is an excel file

Output data (time matched)
Group/ID indicators to 
map to different tasks

Parameters

Model parameters to be 
altered to obtain best fit



Optimization functionality generates a reference VS such that it matches 
the available datasets across different scenarios 
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Optimization

Datasets

Parameters

Reference 
Virtual Subject

Tasks
Collection of data for 

different scenarios to be fit  

Model parameters to be 
altered to obtain best fit

Parameters file is an excel file

Include in fitting? 
Yes/No Parameter name

Scale for 
exploration

Range of exploration

Initial guess



Parameter variability is explored to develop a Virtual Cohort constrained 
to be within the desired Acceptance Criteria
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Virtual Cohort 
Generation

Acceptance Criteria

Virtual 
Cohort

Parameters

Tasks
Acceptable data range for 

different scenarios

Model parameters to be 
explored in Virtual Cohort

Output namesGroup/ID indicators to 
map to different tasks

Acceptance criteria is an excel file

Range of data

blue is a valid VS;
purple is an invalid one.



Virtual Cohort is prevalence weighted to produce a Virtual Population that 
represents the statistics of a “real” clinical study
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Virtual Cohort 
Generation

Acceptance Criteria

Virtual 
Cohort

Parameters

Tasks
Acceptable data range for 

different scenarios

Model parameters to be 
explored in Virtual Cohort

Virtual Population 
GenerationTarget Statistics

Virtual 
Population

Statistics of clinical study
Output names Stats to match

Target statistics is an excel file



Today’s Case Study: TMDD Model 17
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Peripheral Drug
(Vp)

CLd

Circulating Drug
(Vc)

Serum Complex  

kon, KD =

CLc

kon

koff

Serum free target
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s.c. drug
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F
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iv dosing

Available Data
1. Unbound antibody concentration
2. Free Target concentration
3. Total Target concentration

To Estimate
1. PK parameters 
2. Antibody KD



Today’s Case Study: TMDD Model 18
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Data from a single-dose study
• Dose: 3 mg/kg and 0.3 mg/kg
• In vitro Measured affinity: 0.4 nM
• Duration: 21 days
• Stats: average, min and max of measurements

Demo
• Creating appropriate tasks
• Simulating model default values
• Parameter estimation (SS, PSO) and using “hand-calibration” features
• Generating a virtual cohort of valid patients
• Generating a virtual population of valid patients



Questions? Contact hosseini.iraj@gene.com

THANK YOU

mailto:hosseini.iraj@gene.com
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SimBiology and the MATLAB ecosystem

SimBiology

SimBiology 
models

• Programming language
• Versatile platform
• Maintained and updated
• Rigorous testing framework to ensure quality of platform

• MATLAB toolbox
• Graphical and programmatic workflows
• Comprehensive set of built-in analysis tools
• Accelerate models by compiling to C-code

• Developed by end-users
• Projects promote continuity and traceability of results
• Graphical model representation
• MATLAB and SimBiology infrastructure ensure reproducibility

MATLAB
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SimBiology and the MATLAB ecosystem

SimBiology

SimBiology 
models

• Programming language
• Versatile platform
• Maintained and updated
• Rigorous testing framework to ensure quality of platform

• MATLAB toolbox
• Graphical and programmatic workflows
• Comprehensive set of built-in analysis tools
• Accelerate models by compiling to C-code

• Developed by end-users
• Projects promote continuity and traceability of results
• Graphical model representation
• MATLAB and SimBiology infrastructure ensure reproducibility

MATLAB

Brief Introduction to SimBiology
20
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gQ
S

P
S

im

• Where does gQSPSim sit in this ecosystem?
• How is gPKPDSim different from gQSPSim?

• Deployed vs Developing models
• Non-modelers vs Expert modelers

MATLAB

gP
K

P
D

S
im



Considerations 
• Defining the objective function is non-trivial & critical for efficient Reference Subject calibration
• Iteration on QSP model representation is critical at this stage: (i) modifications to mathematical 

representation; (ii) expansion/reduction of biology included; (iii) alternate hypothesis testing
• Developing a suite of algorithms/tools specific for to QSP models is of high value

Physiological outcomes
“Acceptance” Criteria

y1
y2
y3
y4
y5
y6
y7
y8
y9Parameter space, p

Structural Model

p1

p2

pn

Workflow and considerations for Reference Subject calibration

Virtual Subjects

Reference
Virtual
Subject

Invalid
Virtual
Subject



Workflow for developing a Virtual Population

Virtual Cohort

Virtual Population

Statistical weighting

Predictive SimulationsClinical Statistics

Weighting algorithm

Virtual Cohort

Developing the Virtual Cohort 

Developing the Virtual Population



Statistically weighed virtual population enables robust quantitative 
representation of a “real” clinical population

Each Virtual Subject in the Virtual Population assigned a “weight” corresponding to the 
probability of finding similar measurements in the clinical population

• The virtual population as a whole captures the observed statistics of the “true” 
clinical population of interest

The key statistics captured include:
• Mean and distribution of clinical measurements both as baseline and responses 

to interventions
• Observed correlations (or lack thereof) between measurements

The weights could either be binary (include/exclude) or be continuous (range from 0-1)
• Calculated using constrained optimization techniques to match the desired 

statistics

Virtual Population matching means & 
distributions of clinical populations 

Clinical data
Virtual population

Virtual Population captures correlation 
between biomarkers observed in clinical data

Clinical data
Virtual population

biomarker1

bi
om

ar
ke

r2


