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• Post-menopausal women are about one-eighth of the total population worldwide (according to 
the WHO)

• Likely represent a higher proportion of individuals on chronic medication

• Normal healthy volunteer (NHV) population skews young and male
• 77% male, 15% over 50 according to Kalbaugh 2021

• Pharmacokinetics and pharmacodynamics/toxicodynamics can vary due to sex and age

• Models constructed largely on NHV data will miss some of the variability introduced by inclusion 
of this population in Phase 2/3 clinical trials and broader population

• Some drugs are targeted specifically at older female patients

Post-Menopausal Women Constitute a Key Portion of 
Most Therapeutic Populations



QST Predicts Tox via the Intersection Between 
Exposure, Mechanisms, and Inter-Patient Variability
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Postmenopausal Women (PMW) SimPops Constructed Using 
Literature Data on Common DILI Mechanisms

• Data differentiating postmenopausal women from other 
healthy individuals are available for two of the three main 
toxicity mechanisms in DILIsym, a QST model of drug-induced 
liver injury (DILI)

– Bile acid transport

– Oxidative stress

• Data are not available for mitochondrial dysfunction 
mechanism, but qualitative expectations exist

• Basic demographic data (body mass, BMI) are well 
characterized 
– Healthy weight and obese women are included in SimPops

Category SimPops Data 
Availability

Bile acid transport Some data available

Oxidative stress All necessary data 
available

Mitochondrial 
dysfunction Qualitative data only

Demographic data All necessary data 
available



Blended PMW SimPops Has Appropriate BMI Distribution
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BMI blend of Healthy and NAFLD women
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124  healthy + 120 NAFLD = 244 total

• BMI distribution of PMW driven by literature for healthy 
and obese PMW

Ambikairajah 2019

Elisha 2012

Obese PMW

Simulation Results



• Antioxidants are generally mildly reduced in post-menopausal women 
compared to pre-menopausal women

Oxidative Stress and Antioxidant Status Differences in 
Post-Menopausal Women

Abdul-Rasheed 2010

Ansar 2015



• Synthesis of both primary bile acids 
(cholic and chenodeoxycholic acids) 
decreases with age; as the 
postmenopausal women population is 
older, this will need to be accounted 
for

• Bile acid transporter variability 
reconstructed in order to meet desired 
bile acid profile

• Minimal differences in profile between 
post-menopausal and pre-menopausal 
women

Bile Acid Synthesis Reduces with Age

Clinical Data

Einarsson 1985
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Toxicity-Related SimPops Parameters Adjusted to Fit 
PMW Phenotype

SimPops Parameter BMI < 35 BMI >= 35 

Liver RNS/ROS clearance scale (Vmax) Reduce  by 10% Reduce  by 10%

Bulk bile acid (i.e. CA) synthesis rate* Reduce by 40%* Reduce by 40%*

CDCA baseline synthesis rate* Reduce by 40%* Reduce by 40%*

Basal value of mitochondrial ETC flux Reduce by 12% Reduce by 20%

• Literature-informed parameter adjustments were made to the healthy population in 
order to represent the post-menopausal population
– Mitochondrial electron transport chain (ETC) flux based on qualitative data 

suggesting weaker mitochondrial health with age and BMI increase rather than 
quantitative data

• Biochemical variability was superimposed upon demographic variability in order to 
generate the post-menopausal women SimPops



PMW SimPops Simulated with APAP Shows 
Expected Liver Signals

Simulation Results
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• PMW SimPops were simulated with Acetaminophen (APAP) at a dose of 1g, 4 times daily, for 
2 weeks

• As expected, ALT levels mildly increase for many individuals (16.5% in PMW SimPops)
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PMW SimPops Predicts Mild ALT Elevations 
with Tamoxifen

Simulation Results

Treatment ALT ≥ 3x ULN

Placebo
(7.4%)
17/229

20 mg BID 
Tamoxifen for 5 

weeks 

(15.7%)
36

• Clinical data suggests potential for mild ALT elevations 
in post-menopausal women taking tamoxifen

• Tamoxifen treatment simulated with PMW SimPops; 
mild ALT elevations predicted

• No signals predicted in NHV SimPops
• Demonstrates validity of PMW SimPops

A B C



• Post-menopausal women (PMW) SimPops accurately predicts 
differential risk of tamoxifen ALT elevations between normal healthy 
volunteer (NHV) and PMW populations

• Representation of individuals outside of the NHV population can aid 
in the prediction of drug-induced liver injury in broader populations

• Liver injury liability can differ with age, sex, and underlying disease state

• Representation of non-NHV populations is limited by the amount of 
literature data available

• More research on broader populations and on specific sub-populations can 
help inform construction of more predictive population-based models

Conclusions
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