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MODELING & SIMULATION SUPPORT FOR PREGNANCY TRIALS

Historical Efforts What work best and 
not so much 

Tools and approaches 
for now and the future



HISTORICAL EFFORTS TO SUPPORT 
PREGNANCY TRIALS

Design

Sampling

Interpretation

• Pregnant women are often 
excluded from routine clinical 
trials. 

• Consequently, appropriate 
dosing regimens for majority of 
drugs are unknown in this 
population, which may lead to 
unexpected safety issue or 
insufficient efficacy in this un-
studied population. 

• Establishing evidence through 
the conduct of clinical studies in 
pregnancy is still a challenge.



THE PROBLEM LANDSCAPE

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal Pharmacology of Drugs: A Review of Current 
Status of the Application of Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 
10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.



THE “PROPOSED SOLUTION” LANDSCAPE

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal Pharmacology of Drugs: A Review of Current 
Status of the Application of Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 
10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.



DESIGN 
CONSIDERATIONS

 Who to study?

 When to study?

 How to study?



DESIGN 
CONSIDERATIONS

 Design Flexibility

 Focus on information gaps



SAMPLING General Considerations:
 Samples should include plasma or whole blood 

and urine for assessing the concentration of 
the parent drug and active metabolites. 

 Since plasma protein binding is often reduced 
during pregnancy, consider calculating unbound 
drug and metabolites, especially if the extent of 
plasma protein binding of the drug is high 
(>80%).

 PD endpoints, including relevant biomarkers 
and potentially even fetal PD endpoints, can be 
important. 

 Informative study design considerations should 
be discussed with the FDA prior to study 
initiation

 Simulations, regardless of model-type, can help.

Clin Pharma and Therapeutics, Volume: 110, Issue: 1, Pages: 36-48, First 
published: 15 September 2020, DOI: (10.1002/cpt.2048) 



SAMPLING
General Considerations:

Clin Pharma and Therapeutics, Volume: 110, Issue: 1, Pages: 36-48, First 
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We can do better than this!



INTERPRETATION



TOOLS AND APPROACHES:



TOOLS AND APPROACHES:  GENERAL CONSIDERATIONS

 Over the past several years, there has been an 
increase in the application of modeling and simulation 
approaches such as population PK (PopPK) and 
physiologically based PK (PBPK) modeling to provide 
guidance on drug dosing in those special patient 
populations. 

 Population PK models rely on measured PK data, 
whereas physiologically based PK models incorporate 
physiological, preclinical, and clinical data into the 
model to predict drug exposure during pregnancy. 

 These modeling strategies offer a promising approach 
to identify the drugs with PK changes during 
pregnancy to guide dose optimization in pregnancy, 
when there is lack of clinical data.

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal Pharmacology of Drugs: A Review of Current Status of the Application of 
Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.



TOOLS AND APPROACHES: POP-PK APPROACH

 “There are several available approaches to studying 
pharmacokinetic changes in pregnancy. “

 “Single trough screening studies can provide 
qualitative estimates of elimination clearance, which 
with the dosing rate determines the steady-state drug 
concentration, throughout pregnancy and into the 
postpartum period.”

 “Population pharmacokinetic studies such as two 
stage pharmacokinetic studies and studies using a 
nonlinear mixed effects pharmacokinetic modeling 
approach can characterize pharmacokinetic changes 
more rigorously.”

Avram MJ. Pharmacokinetic studies in pregnancy. Semin Perinatol. 2020 Apr;44(3):151227. doi: 10.1016/j.semperi.2020.151227. Epub 2020 Jan 27. PMID: 
32093881; PMCID: PMC7323629.



TOOLS AND APPROACHES: POP-PK APPROACH

 Requires a simplified model structure of non-
physiologic parameters which approximate 
the “pregnant state”

 Still often referred to as a minimal PBPK 
model

 Fewer parameters

 Difficult to capture time-based changes in 
underlying physiology

 Fetus as a compartment?

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal Pharmacology of Drugs: A Review of Current Status of the Application of 
Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.



TOOLS AND APPROACHES: PBPK APPROACH

 Physiologic representation of relevant actual 
parameters which an be verified against 
actual physiologic data

 Model reduction possible as appropriate / 
required

 Physiologic parameters

 Time-based changes in underlying physiology 
captured

 Fetus as its own model structure

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal 
Pharmacology of Drugs: A Review of Current Status of the Application of 
Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 
3;9:733823. doi: 10.3389/fped.2021.733823. PMID: 34805038; PMCID: 
PMC8596611.



TOOLS AND APPROACHES: PBPK APPROACH
 Physiological parameters that are modified for 

pregnancy prediction in Simcyp p-PBPK model.
Basic structure of p-PBPK model in (A) Gatsroplus (B) SimCyp and 
(C) Open Systems Pharmacology



TOOLS AND APPROACHES: PBPK APPROACH IN PRACTICE
Olanzapin example (A) A 27-compartment physiological model of pregnant women in 
Mobi®. The dotted portion is nine gestation-specific compartments (B) The schematic 
diagram for PBPK modeling workflow. Phys-chem, physicochemical; ADME, absorption, 
distribution, metabolism, and excretion.

 Recent PBPK examples demonstrate excellent 
performance with respect to historical PK trials

 Simulations across trimesters are compelling and 
consistent with expectations but need to be challenged 
with data in the future.



TOOLS AND APPROACHES: FUTURE CONSIDERATIONS

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal Pharmacology of Drugs: A Review of Current Status of the Application of 
Physiologically Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.



REPORT CARD:
HOW HAS THE 
MODELING 
PERFORMED THUS 
FAR?

 > 40 drugs analyzed via PBPK M&S to aid the 
design, analysis and dosing recommendations 
for pregnant women

 PK, PGx and some biomarker data available 
for analysis

 Various routes of administration 
accommodated

 Various model constructs and software 
solutions utilized
 Various dosing scenarios across gestational age 

often evaluated

 Comparison to non-pregnant state a common 
comparator

 Strong emphasis on providing dosing guidance 
and recommendations

 Some focus on study designs and sampling 
considerations.

 Performance against measure observations 
(when available) was excellent 

Chaphekar N, Dodeja P, Shaik IH, Caritis S, Venkataramanan R. Maternal-Fetal 
Pharmacology of Drugs: A Review of Current Status of the Application of Physiologically 
Based Pharmacokinetic Models. Front Pediatr. 2021 Nov 3;9:733823. doi: 
10.3389/fped.2021.733823. PMID: 34805038; PMCID: PMC8596611.
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