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The need?
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The gestational stage as defined per U.S. Department of Health and Human Services 
(HHS) recommendations: 
• 1-12 weeks for the 1st trimester, 
• 13-28 weeks for the 2nd trimester
• 29-40 weeks for the 3rd trimester

Gestational stage and terms of pregnancy (consider both pregnant and unborn)

What Does It Mean to Have a Full-Term Pregnancy? (verywellfamily.com)
https://www.womenshealth.gov/pregnancy/youre-pregnant-now-what/stages-pregnancy

https://www.verywellfamily.com/what-does-it-mean-to-have-a-full-term-pregnancy-4174638
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Physiologically Based Pharmacokinetic Modelling (PBPK)

• Integrate physiological, biochemical and physical chemical information

• Estimate kinetics in a target tissue or organ (effect compartment)

• Evaluate the effect of various intrinsic (age, race, gender, disease, etc.) and extrinsic 
(DDI, environment, smoking, etc.) factors on drug exposure and response

• Model variability and uncertainty

Clin Pharmacol Ther. 2011 89:259-67

User friendly software, 
• SimCYP
• PK-Sim
• SimulationPlus

Learn, Confirm, Predict Approach!
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PBPK, how often? PubMed
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PBPK, how often? Source of PK Clinicaltrial.gov

Infection, pregnancy related etc, n=35 for ongoing, recruiting and completed
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Integrating knowledge in PBPK to EXTRAPOLATE!

Intrinsic Factors

Extrinsic Factors

Renal
Impairment

Hepatic 
Impairment

Pediatrics

Ethnicity &
Genetics

Pregnancy

Bariatric Surgery
& Obesity

Cancer Chinese

Smoking Alcohol Diet
Drug-drug 

Interactions
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Pharmacotherapy during pregnancy/Lactation - status

• Total avoidance of pharmacological treatments is often not feasible during pregnancy.

o Pregnancy-related conditions (hypertension, gestational diabetes)

o breastfeeding-related conditions (mastitis, cracks, lesions)

o Chronic conditions (e.g., asthma, allergy, epilepsy, depression, HIV/infections)

• Fixed non-pregnant dose does not provide the required efficacy.

• Knowledge of proper dosing  is required to prevent poor disease control,  fetal /neonatal outcomes and teratogenic 
effects, …,  etc.

• Many drug labels advise not to take many drugs during pregnancy due to the absence of reliable safety data (~ 25% 
prescribed drugs use during pregnancy are off label and based on safety data from non-pregnant subjects).

• Pregnancy/Lactation studies have been performed in the post-marketing settings 

→ delays in drugs availability to pregnant/breastfeeding women
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Regulatory considerations

https://www.ema.europa.eu/en/events/
workshop-benefit-risk-medicines-used-

during-pregnancy-breastfeeding

https://www.ema.europa.eu/en/events/workshop-benefit-risk-medicines-used-during-pregnancy-breastfeeding
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Challenges in Pregnancy PK/PD Clinical Trial Design

Physiological Variability 
• Change in enzyme/transporters with gestational age
• Return to baseline
• Growth of the feto-placental unit
• Body size metrics 

Enrolment Difficulties
• Usually enrolling ill (target population) pregnancy  (HV is unethical unless for vaccine trial)
• Rare disorders: getting enough patients enrolled to satisfy statistical requirements

Choice of Pharmacodynamic Endpoints
• Sensitive, robust, and clinically relevant biomarkers validated in non-pregnant male adult male subjects can be different in 

women during perinatal period
• Non-invasive biomarkers only

Challenges in Determining Dosing Regimen
• Traditional extrapolation from adult? Use WT, BSA or …?

Sparse Sampling vs. Intensive Sampling
• often sparse sampling in pregnancy clinical studies

Safety monitoring 
Only in the duration of the pregnancy
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Animal Models of Fetal Medicine and Obstetrics

http://dx.doi.org/10.5772/intechopen.74038
Andersen MD et al., 2018

http://dx.doi.org/10.5772/intechopen.74038
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The role of physiologically-based pharmacokinetic (PBPK) models

• PBPK models combined drug-related data with pregnancy-related physiological changes.

• Impact of inter-individual variability (genotypes, demographics, enzyme activity) of subjects
can be addressed.

• PBPK model have been applied recently to*
• predict maternal and umbilical drug levels
• evaluate the requirement of dose adjustment or proposing new dosing regimen during

pregnancy

Drugs Pregnancy PBPK  application Ref

Chloroquine proposing a dosing regimens for prevention of Zika Virus disease Olafuyi & Badhan 2019

Darunavir
(+ ritonavir)

Dosing optimisation strategy based on predicted umbilical vein 
concentration

Schalkwijk et al., 2018

Paroxetine CYP2D6 Genotype-based dose optimization Almurjan et al., 2020

Piperaquine Assess the impact of efavirenz or ritonavir on piperaquine in distinct 
customised HIV infected population (Thailand, Sudan & Papua New Guinea)

Olafuyi et al., 2017

Quetiapine Dosing optimisation strategy Badhan & Macfarlane 2020

Efavirenz CYP2B6 Genotype-based dose optimization Chetty et al., 2020 

*Abduljalil & Badhan J Pharmacokinet Pharmacodyn 2020 Aug;47(4):319-340.
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Pregnancy PBPK model- verifications (CYPs)

✓ Caffeine
✓ Theophylline
✓ Metoprolol, 
✓ Propranolol
✓ Paroxetine
✓ Midazolam 
✓ Nifedipine
✓ Rilpivirine
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Metoprolol PK during Pregnancy (CYP2D6)

Non-pregnant women

Intravenous and oral

Pregnant women

40 GWs39 GWs (EMs)

35-38 GWs 35-38 GWs
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Transporter example: Metformin PK during Pregnancy

15

Metformin
Metformin is a 
substrate for several 
transporters – OCT1, 
OCT2, MATEs.

Pregnancy ontogeny 
for OCT2 considered 
in model
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Maternal-Placental-Fetal drug transfer

Maternal circulation

Maternal drug 
metabolism

Placental transport

Placental 
metabolism

Umbilical cord/Fetal
circulation

Fetal metabolism, 
renal excretion

Amniotic fluid

Blundell et al. Lab Chip. 2016 August 2; 16(16): 3065–3073.
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Animal vs Human: Placenta & Fetus

Placenta
Human                             Mouse                                 Sheep

Fetal membrane

Richardson et al. 
(2020) Front. Physiol. 
11:715.

Pemathilaka et al. 2019. 
Interface Focus 9: 
20190031.

Metabolic differences??: For example, thalidomide is a severe teratogen in humans 
causing phocomelia, but not in rats.
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PBPK model framework

Abduljalil et al. Clin Pharmacokinet (2018) 57:1149–1171

?
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Model application to assess fetal exposure: vital for safety assessment

https://www.frontiersin.org/articles/10.3389/fped.2022.840710/
full?&utm_source=Email_to_authors_&utm_medium=Email&utm
_content=T1_11.5e1_author&utm_campaign=Email_publication&
field=&journalName=Frontiers_in_Pediatrics&id=840710
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Non-pregnancy calibration
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Simulation
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Design evaluations
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