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Outline

• Physiological changes in pregnancy
– Absorption
– Distribution
– Metabolism
– Elimination

• Physiological changes as it affects drug disposition of 
biologics



Pregnancy affects drug disposition

Tomson T, Landmark CJ, Battino D. Antiepileptic drug treatment in pregnancy: Changes in drug disposition and their clinical implications. Epilepsia 2013; 54(3): 405-414. 
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PK parameters with greatest influence on 
pregnancy

• Changes in drug absorption           Changes in drug concentration

• Volume of distribution           Changes in blood volume

• Changes in protein binding           Changes in blood volume

• Increased renal clearance           Increased CO, GFR

• Changes in metabolizing enzymes     Changes in drug concentration



Drug Absorption
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Changes in GI transporter activity 
affecting drug absorption in pregnancy

Eke AC. An update on the physiologic changes during pregnancy and their impact on drug pharmacokinetics and pharmacogenomics. J Basic Clin Physiol Pharmacol, 2021 Dec 8.
doi: 10.1515/jbcpp-2021-0312



Changes in GI transporter activity 
affecting drug absorption in pregnancy

Eke AC. An update on the physiologic changes during pregnancy and their impact on drug pharmacokinetics and pharmacogenomics. J Basic Clin Physiol Pharmacol, 2021 Dec 8.
doi: 10.1515/jbcpp-2021-0312



Aspirin absorption during pregnancy 
compared to non-pregnant state

Shanmugalingam R, Wang X, Munch G et al. A pharmacokinetic assessment 
of optimal dosing, preparation, and chronotherapy of aspirin in pregnancy. Am J 
Obstet Gynecol, 2019;221(3):255.e1-255.e9.



Aspirin absorption during pregnancy 
compared to non-pregnant state

29% decrease

Shanmugalingam R, Wang X, Munch G et al. A pharmacokinetic assessment 
of optimal dosing, preparation, and chronotherapy of aspirin in pregnancy. Am J 
Obstet Gynecol, 2019;221(3):255.e1-255.e9.



Drug Distribution



Same amount of drug -> Increased volume of distribution 

Non-pregnant Pregnant

Volume of distribution 

***Slide courtesy of Dr Catherine Stika, Northwestern University Feinberg School of Medicine



Changes in plasma protein during pregnancy versus 
postpartum

Changes in body composition

Distribution – Volume of distribution

Westin AA, Reimers A, Spigset O. Should pregnant women receive higher or lower medication doses? Tidsskrift for Den norske legeforening (tidsskriftet.no. 
https://tidsskriftet.no/en/2018/10/klinisk-oversikt/should-pregnant-women-receive-lower-or-higher-medication-doses
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Changes in Protein Binding

More Protein Binding                                     Less Protein Binding                                     = protein

= drug

Non Pregnant Pregnant

Increased 
free (active) 
drug

***Slide courtesy of Dr Catherine Stika, Northwestern University Feinberg School of Medicine
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Pregnancy associated changes affect drug 
PK



How Vd and plasma protein changes affect 
drug PK

Antibiotics

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160
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How Vd and plasma protein changes affect 
drug PK

Antimalarials
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Drug Metabolism



Metabolism – Change in liver enzyme activity
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Metabolism – Change in liver enzyme activity

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160



Metabolism – Decreased liver enzyme activity

Yu T, Campbell SC, Stockmann C et al. Pregnancy-Induced changes in the pharmacokinetics of caffeine and its metabolites. J Clin Pharmacol 2016; 56(5): 590-6.

•. 2016 May;56(5):590-6
•. 2016 May;56(5):590-6

•. 2016 May;56(5):590-6



Drug Elimination



Elimination – Changes in renal function
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Elimination – Changes in renal function
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Darunavir/cobicistat drug combination in 
pregnancy

Crauwels HM, Osiyemi O, Zorrilla C et al. Reduced exposure to darunavir and cobicistat in HIV-1 infected pregnant women receiving a darunavir/cobicistat-based regimen. HIV Med. 
2019;20(5):337-343.
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Cobicistat drug combinations in pregnancy
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Cobicistat drug combinations in pregnancy



Therapeutic failure during pregnancy
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How changes in clearance affect drug PK

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160

Anticonvulsants
Antidepressants



Analgesics and anesthetic agents

How changes in clearance affect drug PK

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160



Antibiotics

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160

How changes in clearance affect drug PK



How Vd and plasma protein changes affect 
drug PK

Antimalarials

Pariente G, Leibson T, Carls A et al. Pregnancy-Associated Changes in Pharmacokinetics: A Systematic Review. PLoS Med 2016; 13 (11): e1002160



Effect of pregnancy on the 
PK and PD of Monoclonal 

antibodies



Monoclonal antibodies

Pham-Huy A, Top KA, Constantinescu C et al. The use and impact of monoclonal antibody biologics during pregnancy. CMAJ 2021 Jul 26; 193(29): E1129–E1136



Additional physiologic changes affecting 
mAb disposition

• Monoclonal antibody structure
• Antigen properties
• Increased anti-drug antibody (ADA) formation to mAb
• Increased complement activity
• Flip flop kinetics



Absorption of Biologics



Absorption of monoclonal antibodies

• Distinct from small-molecule drugs

• Most mAb are administered parenterally 
• Large molecular size (>150kD)
• Poor lipophilicity
• Increased GI degradation

• Bioavailability (50-100%)
• Protein degradation in pregnancy?
• Increased blood flow



Distribution of Biologics



Distribution of monoclonal antibodies

• Relatively low volume of distribution (plasma) 
• High molecular weight
• Hydrophilic profile

• Volume of distribution approximate the size of blood 
and extracellular space (3-8L)



Distribution of monoclonal antibodies

Stone RH, Hong J, Jeong H. Pharmacokinetics of monoclonal antibodies used for inflammatory bowel diseases in pregnant women. J Clin Toxicol 2014; 4(4): 209 
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Distribution of monoclonal antibodies

Seow CH, Leung Y, Casteele NV et al. The effects of pregnancy on the pharmacokinetics of infliximab and adalimumab in inflammatory bowel disease. Aliment Pharmacol
Ther 2017;45:1329–1338



Distribution of monoclonal antibodies

Median infliximab concentrations by trimester Median adalimumab concentrations per trimester

Seow CH, Leung Y, Casteele NV et al. The effects of pregnancy on the pharmacokinetics of infliximab and adalimumab in inflammatory bowel disease. Aliment Pharmacol
Ther 2017;45:1329–1338



Distribution of monoclonal antibodies

**Maintenance phase IFX 
concentrations (CIFX) per trimester

Grisic AM, Dorn-Rasmussen M, Ungar B et al. Infliximab clearance decreases in the second and third trimesters of pregnancy in inflammatory bowel disease. United 
European Gastroentrol J 2021; 9(1): 91-101.

•. 2021 Feb;9(1):91-101.



Elimination of Biologics



Elimination of monoclonal antibodies

• FcRn- and target-mediated elimination pathways

• Renal excretion and hepatic metabolism are not 
primarily involved in elimination of mAbs

• The large size of mAbs prevents excretion into the 
urine



Clearance of Infliximab during pregnancy

Grisic AM, Dorn-Rasmussen M, Ungar B et al. Infliximab clearance decreases in the second and third trimesters of pregnancy in inflammatory bowel disease. United 
European Gastroentrol J 2021; 9(1): 91-101.



Eculizumab use in pregnancy



Effect of anti-drug 
antibodies (ADA) on the PK 

of Biologics



ADA status in Elimination of monoclonal 
antibodies

**Maintenance phase IFX 
concentrations (CIFX) by ADA 
status in pregnancy

Grisic AM, Dorn-Rasmussen M, Ungar B et al. Infliximab clearance decreases in the second and third trimesters of pregnancy in inflammatory bowel disease. United 
European Gastroentrol J 2021; 9(1): 91-101.



Summary PK of monoclonal antibodies

Stone RH, Hong J, Jeong H. Pharmacokinetics of monoclonal antibodies used for inflammatory bowel diseases in pregnant women. J Clin Toxicol 2014; 4(4): 209 



Net drug plasma concentration during 
pregnancy

• Complex relationship (net effect) between so many PK variables
– Fraction of drug absorbed
– The physicochemical properties governing diffusion across membranes
– Drug bioavailability
– Protein binding
– Unbound fractions of drug
– Volume of distribution
– Intrinsic organ clearance
– Organ extraction ratio (hepatic or renal)
– Drug-drug interactions
– Pharmacogenomic, pharmacomicrobiomic, and
– Several other variables. 



Areas for continuing research

• Drug transporters
• Free (unbound) fraction of drugs
• Pharmacodynamic data
• Pharmacogenomic data
• Pharmacomicrobiomic data 
• PK of newer drugs
• Understanding the placenta



Thank you
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