
Model Calibration & Generation of Virtual Population 

 

 

 

 

 

 

 

 

 

 

 

 
 

• Model simulations are consistent with available clinical data and 
informed by in-vitro and preclinical data 

• More VPs were added to form a Virtual Population (Vpop) with 
correct prevalence and timing of AEs for all compounds (Figs. 5, 6) 

• The Vpop was then used for clinical-trial simulations to explore the 
impact of isoform specificity and dosing regimens on AE risk 

Model Schematic 

Using a Quantitative Systems Pharmacology PhysioPDTM Platform to Investigate Causes of Adverse GI Events Associated with Prolonged 

Treatment with PI3-Kinase Inhibitors 

Background 

• The PI3K–AKT–mTOR  pathway is frequently activated in cancer 

primarily via mutations and amplification of genes encoding 

receptor tyrosine kinases  (e.g., HER2 or EGFR), PIK3CA 

mutations, PTEN mutation/loss, and KRAS mutations 

• Several PI3K inhibitors being developed/approved targeting all 

four isoforms of PI3K, as well as isoform-selective inhibitors 

• PI3K inhibitors have a range of specificities to the four PI3K 

isoforms (/β//)  impacting the relative risk of adverse events of 

diarrhea & colitis 

• Alternate dosing regimens being evaluated to reduce AEs 

– Aggressive management of diarrhea can mitigate/prevent colitis 

– In some cases AEs are dose limiting 
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Methods 

• The joint project team developed a mechanistic QSP model that 
integrates data, knowledge, and hypotheses about colitis 
development into a single biological framework (Figure 2) 

• The model was extensively researched, documented, constructed, 
and qualified in accordance with Rosa’s Model Qualification 
Method (Figure 1) 

• Differential equations represent the dynamic processes believed to 
be associated with development of colitis 

• Involvement of the different PI3K isoforms in cellular processes 
relevant for colitis formation was researched and represented 

– PI3K isoforms are shown in shades of yellow to orange (Fig. 2) 

– α/β isoforms are involved in epithelial cell life cycle, δ/γ in T cell 
differentiation/activation, and γ in immune cell recruitment 

• PI3Ki compounds’ PK properties and isoform affinities were 
represented, so that dosing results in isoform inhibition (Fig. 3) 

 
 

Results 

No change in AE risk with the different dosing regimens for Drug C 

 

 

 

 

 

• No change in prevalence of diarrhea and colitis with 5/2 and 14/7  

dosing regimens 

• Simulations do not include co-medication to manage diarrhea 

• Simulations for monotherapy of PI3K inhibitor  

– combination therapies with letrozole or fulvestrant not included in 

analyses 

 

 

 

 

 

 

Sensitivity of AEs to isoform IC50s 

• Smaller fraction of the patients with diarrhea but all high risk 

patients progress to colitis with the reduction in inhibition of the 

PI3K isoform 

• Reduced fraction of the virtual population manifest diarrhea & 

colitis onset with reduction in inhibition of the PI3K isoform 

 

 

 

 

 

 

 

 

 

 
 

• The balance between the inhibition of PI3K-d on Teff and Treg can 

be a critical factor in colitis risk (details not shown) 

 

 
 
Conclusions 

• Comparable risk profiles for the different dosing strategies 

evaluated (QD, 5/2 & 14/7) for monotherapy of PI3K inhibitor 

• PI3K drives T cell differentiation & proliferation; reduced inhibition 

of PI3K showed significant reduction in onset of diarrhea & colitis 

• PI3K inhibition drives Epithelial Quality; model predicts minimal 

threshold hit on epithelial quality required for progression to AEs 

 
 

Figure 5. PI3K inhibitors classified by colitis risk. 

Research Questions 

• What biological mechanisms lead to colitis upon PI3Ki dosing? 

• What are the relative contributions of isoforms PI3K α/β/γ/δ? 

• Can alternate dosing regimens minimize adverse GI events risk? 

Figure 1. The model was qualified according to 

Rosa’s Model Qualification Method (MQM). 

[Friedrich, CM (2016) CPT: PSP 5, 43-53.] 

Figure 3. Inhibition of PI3K isoforms by inhibitor compounds with different isoform affinities. 

• Since isoform effects on cellular 
pathways were broken out, the 
effects of PI3K inhibition with 
compounds of different isoform 
affinities could then be explored 

• Uncertainties were documented and 
used to develop alternative Virtual 
Patients (VPs) (Fig. 4) 

• VP responses to PI3Ki compounds 
were simulated and a GI Risk score 
was calculated based on immune 
cell infiltration and epithelial quality 

Figure 2. The model focuses on mucosal cell populations thought to be involved in development of GI events. 

VP 

PI3K isoform contributions 

Other changes  b   

VP0 Baseline Baseline Baseline Baseline Baseline 

VP1 ↓ Baseline Baseline Baseline Compensatory* 

VP2 ↓ Baseline Baseline ↑ Compensatory* 

VP3 ↓ Baseline Baseline 
↑ on Tregs 
and APCs 

Compensatory* 

VP4 ↓ Baseline ↑ Baseline Compensatory* 

VP5 Baseline Baseline Baseline ↑ Compensatory* 

*Changes to other parameters were made to achieve similar baseline characteristics for all VPs. 
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Figure 4. A) Initial VPs explored the impact of varying PI3K isoform contributions to cellular processes. B) The 

VPs’ responses to a test drug confirmed that PI3K isoform variability impacts GI Risk and AE onset time. 

Figure 6. Vpop exhibits appropriate AE prevalence. 


