
Invloed van fysiologische 
veranderingen op 

farmacokinetiek bij zwangere 
vrouwen en vrouwen die 

borstvoeding geven
Geneesmiddelgebruik en zwangerschap/borstvoeding, NVFG, 31 mei 2022

Angela Colbers, senior researcher, Radboud university medical center, Nijmegen, Netherlands
Angela.Colbers@Radboudumc.nl



Disclosures

• Research grants   

• Janssen
• Merck
• ViiV
• Bristol-Myers Squibb
• Gilead
• PENTA

NB all payments have been invoiced by the financial department of Radboudumc

En de slides zijn in het Engels



Contents

• Pharmacology in pregnancy

• Why study pharmacokinetics in pregnancy?

• Examples of pregnancy effect on PK – ARVs
• Examples of pregnancy effect on PK - antiepileptics

• Future perspective - in silico approaches



Pharmacology research in pregnancy

• Pregnant and breastfeeding women
are generally excluded from clinical 
trials (during development phase of a 
drug)

• Leading to knowledge gaps when
the drug comes on the market



Poll

• Voor welke middelen zijn de meeste farmacologische 
onderzoeken in de zwangerschap uitgevoerd en 
gepubliceerd?
– Anti-epileptica
– Antiretrovirale middelen voor hiv

Pharmacology research in pregnancy



Pharmacology research in pregnancy

Pariente G, et al, PLoS Med., 2016



Pharmacology research in pregnancy

Limited Data
Bictegravir (n=2)
Cabotegravir (n=3) 

No published data
Doravirine
Ibalizumab 
Islatravir
Lenacapavir

Years between FDA approval and first published PK data in pregnancy

Adapted from Colbers etal, CID, 2019



Pharmacokinetics
• What the body does to the drug
• the study of the time course of drug Absorption, Distribution, Metabolism, 

and Excretion (ADME)
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Absorption

• Bioavailability (F)

• Sotalol (n=6)
• Bioavailability in pregnancy 86.2 ± 12 %
• Bioavailability postpartum    91.1 ± 4.5 %

• Cephadrine: no difference in bioavailability during or after
pregnancy

• Absorption could be altered, but not a lot of evidence

O’Hare, et al. Eur J Clin Pharmacol, 1983; Philipson et al. Clin Pharmacokinetics, 1987
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Distribution

Abduljalil, et al, Clin Pharmacokinetics, 2012; Patterson et al, JAIDS, 2014 
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Metabolism

Pariente G, et al, PLoS Med., 2016; Abduljalil, et al, Clin Pharmacokinetics, 2012



CYP3A4 expression and ARV drugs

• Biomarker of CYP3A4 activity

• Urinary ratio of 6-b hydroxycortisol to cortisol  (6bHF:F)

• 35% increase in urinary 6bHF:F à CYP3A induction
(late pregnancy compared to postpartum)

Aweeka F.et al., HIV Medicine, 2014 
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Excretion

CL/F 30% CL/F 34%

Colbers A.et al., AIDS, 2013 
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Overall effect is often lower exposure, but exposure can also be higher

Should the dose be adapted in pregnancy???



A European clinical pharmacology network to 
investigate the Pharmacokinetics of newly 

developed ANtiretroviral agents in HIV-
infected pregNAnt women

www.pannastudy.com

Objectives
• To describe the pharmacokinetics of antiretrovirals in the 3rd

trimester of pregnant HIV-infected women and at post-partum 

• To describe the safety of antiretrovirals during pregnancy and the 
efficacy in terms of viral load response of the mother and 
prevention of mother to child transmission

• To assess placental passage of antiretrovirals



3rd trimester          postpartum   
~ 33wks GA                 4-6 weeks after delivery
PK curve PK curve (reference)

Method

Cord blood at 
delivery

(CB/MB ratio)

Opportunistic design: 
women already use the antiretrovirals for treatment of HIV in pregnancy



Results ARVs 

Total concentrations, unbound concentrations may be different. For 
DTG unbound concentrations less affected.



Results ARVs – does it matter? 
• For most antiretrovirals: 

NO

• But for some it does:



Antiepileptics – PK in pregnancy
• Therapeutic drug monitoring (TDM) is common for AEDs.

• Women with epilepsy are advised to continue 
antiepileptic drugs (AEDs) during 
pregnancy to reduce maternal and fetal trauma 
associated with seizures.

• Pregnancy effect on PK can be expected based on PK 
characteristics.

• Since AED treatment is prophylactic, it is not sufficient to 
make dosage adjustment on clinical grounds alone. 

• TDM in pregnancy is often recommended.

Sabers and Petrenaite, Expert Review of Clinical Pharmacology, 2008



Antiepileptics – PK in pregnancy

Often related to increased seizures!

Orange: unbound concentrations
Blue: total concentrations
Red: low numbers, no effect 
observed

Sabers and Petrenaite, Expert Review of Clinical Pharmacology, 2008



Antiepileptics PK in pregnancy– does it 
matter?

SmPC/label: 
do not use in pregnancy unless potential benefit is judged to outweigh risk 

TDM and potential dose adaptation in pregnancy recommended for:
• Lamotrigine
• Phenytoin
• Carbamazepine
• Levetiracetam
• Oxcarbazepine

Also monitor drug levels after delivery, as levels normalise within a few weeks



Relationship with safety

• Maternal safety and efficacy may be at stake
– High levels may cause adverse reactions
– Low levels may reduce efficacy

• Foetus may be exposed to drug through placental
passage and/or breastfeeding
– Teratogenic?
– In case of HIV: may potentially be protective



Relationship with safety

• Example of high levels in pregnancy – a CYP1A2 substrate

Yu et al., Women’s Health, 2016

In 1982, Knutti already reported prolonged thalf for caffeine in pregnancy: from 3h to 10.5 in last 4 weeks of pregnancy



Relationship with safety

• Example of high levels in pregnancy – caffeine

• Relationship between dose given and maternal adverse effects
(increased blood pressure for example)

• Related to dose or plasma concentrations?
• Foetus is exposed, as caffeine passess the placenta, and

enzymes are immature

Nawrot et al., Food Additives and Contaminants, 2003



Relationship with safety

Voedingscentrum duidt: kunnen zwangeren beter geen koffie drinken? | Voedingscentrum

https://www.voedingscentrum.nl/nl/nieuws/voedingscentrum-duidt-kunnen-zwangeren-koffie-drinken.aspx


Foetal exposure

• Important factors determining foetal and neonatal exposure 
through maternal medication use:

– Maternal exposure
– Placental passage
– Breastfeeding
– Foetal physiology: absorption, enzyme maturation, renal clearance



Foetal exposure
Results PANNA study

Cord blood/maternal
blood ratio



Foetal exposure

• Dolutegravir preferred first line antiretroviral in WHO 
guidelines

• Low dose, rapid viral load decline, safe
• Infants >4 weeks and >3kg can use dolutegravir now

• What should the dose for neonates be? To be
considered:
– Exposure through mother
– UGT1A1 enzym immature



Foetal/neonatal exposure

Mulligan et al, AIDS, 2018

• Exposure through mother
• Dolutegravir washout samples in neonates after birth, 



Foetal/neonatal exposure

Piscitelli et al, JAIDS, 2022

• Modeling of neonatal dose, taking exposure through mother into
account as well as enzym maturation



Foetal/neonatal exposure

Piscitelli et al, JAIDS, 2022

• In utero DTG exposed neonates
dosed 24h (first dose) and 48h 
(second dose) with 5mg DTG 
DT showed simulated median
concentrations within or nearly
in the target range when last 
maternal dose was between 6 
and 24h prior to delivery. 



Infant exposure

Dickinson et al, 2021, CID

• DTG in breastmilk???
Milk/mother ratio 0.033DTG in breastmilk over time

breastmilk

mother



PBPK pregnancy



PBPK pregnancy

Darunavir 600/100mg BID in 3rd trimester of pregnancy

Colbers et al,  Clin Pharmacokinetics, 2015; Zorrilla et al, HIV Medicine, 2013

Lower exposure in 
pregnancy well predicted 
by the model



PBPK pregnancy

Bukkems et al, Clinical Pharmacokinetics, 2022

Doravirine in pregnant women, placental transfer, fetal exposure

No human placental passage data available…
Ex vivo placenta perfusion!



PBPK pregnancy

Bukkems et al, Clinical Pharmacokinetics, 2022

Doravirine in pregnant women, placental transfer, fetal exposure

No human pregnancy PK data available…
PBPK modeling



PBPK pregnancy

Bukkems et al, Clinical Pharmacokinetics, 2022

Doravirine in pregnant women, placental transfer, fetal exposure

No human pregnancy PK data available…
PBPK modeling



PBPK pregnancy

Bukkems et al, Clinical Pharmacokinetics, 2022

Doravirine in pregnant women, placental transfer, fetal exposure

No human pregnancy PK data available…
PBPK modeling



PBPK pregnancy

Bukkems et al, Clinical Pharmacokinetics, 2022

Doravirine in pregnant women, placental transfer, fetal exposure

Based on the predicted maternal and fetal exposure in this 
study, we advise further investigation of the 100 

mg BID dose in clinical pharmacokinetic studies in pregnancy to 
show whether this overcomes the decreased exposure and to 

collect maternal and fetal clinical safety data. 



Conclusions

• Physiological changes affect drug exposure in pregnancy
• This leads to potentially subtherapeutic levels or toxic levels for the

mother
• Foetal safety may also be affected
• In silico models help to get some insight in potential changes of PK in 

pregnancy, foetal exposure and also infant exposure through breastmilk

• Call for (PK) studies in pregnancy and breastfeeding
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Foetal exposure - example

• Dolutegravir preferred first line antiretroviral in WHO guidelines

• Low dose, rapid viral load decline, safe

• 2018: Tsepamo study revelaed potential neural tube defects!

• World wide safety alert 2018

• Now prevalence not significant
different from background



Population PK in pregnancy 
(semi-physiological)

Schalkwijk et al, Clinical Pharmacokinetics, 2018

Advantages:
• Sparse sampling  
• Identification of covariates predictive for variability
• Simulations of different scenario’s (doses)
• Recognised by regulators: 2007/2008 75% of applications contained population PK/dose response models, 26% for pediatric dose selection.

Disadvantages:
• Does need sampling in pregnancy
• Time consuming



PBPK pregnancy

Mendes et al, BJCP, 2016

FTC and TFV in pregnant women, placental transfer, fetal exposure



Antiepileptics – PK in pregnancy
Pharmacokinetic changes (apparent clearance = AC) and therapeutic drug monitoring of lamotrigine during pregnancy

Lamotrigine

Ding et al., Brain and Behavior, 2019


