Parallel Tempering for Generation of »
Virtual Patients and Virtual Populations in QSP Models ROS A

Robert Sheehan', Renee Myers?, Christina Friedrich'
IRosa & Co, LLC, San Carlos, California, USA

Introduction

* Virtual patient (VP) and virtual population (VPop) A published MAPK signaling model was extended to Jll PTempEst was used to estimate parameter values for

development is a critical and challenging aspect of include mouse xenograft tumor growth. a best-fit VP and a VPop.
QSP modeling

e Six MCMC chains were run in parallel using
Metropolis-Hastings sampling, each at a different
‘temperature’

o Higher temperatures allow for greater step acceptance
probability and exploration of parameter space

* Chains swap temperatures periodically to ensure
both local and global search of parameter space

 Parameters are sampled from prior distributions

* V\/Ps differ from each other in sensitive parameter
values relevant for clinical variability

 Each VP must meet data constraints, and the VPop
must reproduce observed clinical distributions

* Parallel tempering [1] is a method for parameter -
estimation in which better global and local sampling | —— -
efficiency allows for more complete sampling of )
complex, high-dimensional parameter spaces,
avoiding getting stuck in local minima

 Parameter set acceptance is weighted based on
proximity to the target mean and normalized based
on the width of the target standard deviation,
creating an ensemble of solutions around the mean

 Here, we attempt to leverage a parallel tempering
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implementation (PTempEst) to calibrate a reference Figure 1. PhysioMap® of the expanded MAPK signaling me. PTempEst
VP while simultaneously building 3 complete VPop code and the QSP model were implemented in MATLAB® / SimBiology®. A second VPop was created by random sampling.
* A module of tumor growth driven by ERK and AKT . P . dorm| ed using th
Objectives activity was added to a published model of MAPK a.ramg enjs W,ere e .om y >ampIed tising the same
signaling [2] prior distributions as in the PTempEst approach

* |nvestigate whether PTempEst can be used to create . . * VPs were simulated without treatment and with

VPs and VPops in a QSP model * Values for 14 parameters were estimated using both pathway inhibitors (KRASi and SHP2i)

o PTempeEst to fit published data [3] from KRASi and , L L

 Compare the efficiency of the PTempEst method SHP2i treatment in mice * VPs that did not pass the filtering criteria for each

with a brute-force sampling and filtering method treatment were eliminated

The PTempEst reference VP matches the average response.
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Figure 2. Simulation dynamics (solid lines) for the Figure 3. Example of intracellular signaling species T 200! ) T _
reference VP compared to data from [3]. simulated with the reference VP. 3 e (O VPs passed the criteria for all three
. . . . > 300 ] S therapies
* The single best fit parameter set resulting from parallel tempering is used as the 5 {
=200t | * Random sampling proved extremely

reference VP ' - -

L ey inefficient at ting a VPop to match

® This VP matCheS the average tumor grOWth rate from untreated mice and the Rosa and Co LLC. Filename:20220408GDF[;BmA?z[()Bb%yglm::op_ﬂefvp.sbpmj Protocol: Untreated Ine ICIe.n a genera Ing a .C).F) O ma C
constraints for all three conditions

Variant: Reference VP Dose:

response to both KRASi and SHP2i treatment [3] Figure 5. VPs that passed the Untreated (top) and
the Untreated and KRASI (bottom) filtering criteria.

* Intracellular signaling responses can be examined to ensure they qualitatively
agree with additional evidence, such as in vitro data

The PTempEst approach successfully generated a VPop that matches

complex, dynamic constraints with significantly interrelated parameters.
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= . = simultaneously we obtain a robust Figure 6. Correlation matrix showing relationships between select parameters.

= O | | ’ o i Each dot represents one VP in the PTempEst VPop.
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identify drivers of treatment response
to different therapies

* PTempeEst facilitates simultaneous calibration of a best-fit reference VP and a
VPop that matches target distributions
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. Legend  This approach is particularly effective in complex scenarios, such as:
0 7 14 21 : Population Mean . . . . .
Time (Days) Pink: 25-75% of Population o Multiple data constraints, such as dynamic time courses for several therapies
Figure 4. VPop responses to untreated growth (top), Blue: 5-95% of Population - = - s
(RASItherapy (middle) and SHP2i therapy (bottom) oy Expeorimenth)aI A o Highly correlated parameter values that make random sampling inefficient
compared to data [3)] e Using PTempEst greatly accelerates VPop development in QSP models
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