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Topics

• Medical conditions in pregnancy
• Medications used during pregnancy and breast-feeding
• Impact
• Maternal-fetal and maternal-infant drug transfer
• Physiologic changes in pregnancy
• Current state of knowledge for existing medications
• Drug development for new medications in pregnancy
• Where we need to be

• Mechanistic approach to disease understanding and pre-clinical toxicology
• New drug development with novel drug targets
• Reliable, valid, feasible short and long term outcome measures
• methods to determine dosing, safety, efficacy



Frequent medical conditions in pregnancy 
and lactation

Conditions caused by/co-existing in 
Pregnancy 

• Pregnancy-induced hypertension
• Pre-eclampsia
• Preterm labor
• Gestational Diabetes Mellitus
• Depression
• Infections
• Pain
• Nausea and vomiting of pregnancy

Pre-Existing medical Conditions 

• Hypertension
• Diabetes mellitus
• depression
• Seizure disorder
• Cancer
• Endocrine disorders
• Substance abuse
• Autoimmune disorders



Summary

• Widespread medication use in pregnancy
• Extremely limited data on dosing, safety, efficacy of medications

used during pregnancy and breastfeeding
• Many medications used off-label for pregnancy-related conditions

do not have a non-pregnant correlate
• Sparse basic science in pregnancy-related conditions







US Births (2015) and fetal medication exposure
PMID:  23108737

3,978,497
https://wonder.cdc.gov/wonder/help/natality.html

SSRI 6%
N=238,710 

PMID 27178125

AED 2.2%
N=87,527

PMID 23865818

Asthma 7%
N=278,495
PMID 23108737 

https://wonder.cdc.gov/wonder/help/natality.html


Drugs with pregnancy indications 

• Pre-term labor: 17-alpha-hydroxyprogesterone caproate
• Nausea and vomiting of pregnancy: Doxylamine + vitamin B6



Questions to consider

• What is the clinical problem?
• Is there sufficient basic science research investigating the disease

mechanism?
• Has the basic research provided any drug targets?
• Is there a condition during pregnancy mechanistically similar to a condition

occurring outside of pregnancy?
• Is pre-eclampsia similar to hypertension?
• Is gestational diabetes mellitus similar to type 2 diabetes mellitus?
• Is preterm labor similar to an asthma attack?

• Is a pregnant woman the same as a non-pregnant woman, in terms of drug
concentration time course and drug effect?



Examples of physiologic changes in pregnancy

http://www.frca.co.uk/article.aspx?articleid=100601

http://www.frca.co.uk/article.aspx?articleid=100601




Drug transport

Active 
transport Active Counter-transport

Molecular weight
Lipid Solubility

Blood flow
Protein Binding

Brain
Kidney
Liver
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Embryonic, fetal and infant drug exposure
• What is the exposure?
• What is the risk of the exposure?
• During what embryonic or fetal period is the exposure occurring?
• What are the short- and long-term consequences of this drug

exposure?



Maternal outcomes

• If the mother does not treat her medical condition because
of concern of infant exposure, what are the short- and long-
term consequences for the mother and infant?



NICHD pregnancy and lactation literature analysis: 
methods

• 12 major diseases/conditions for which pregnant and lactating women often use therapies:
Autoimmune, central nervous system, cancer, diabetes, endocrine, hypertension, infection, mental
health, pain, preterm labor, substance abuse, vaccines (vaccine-preventable diseases)

• 10 year Time scope:  2006--July 2017
• Sources:

• Detailed PubMed searches by NIH Library Informationist for pubs specific to pregnant/lactating women;
• Pubs from all clinicaltrials.gov entries that included pregnant or lactating women;
• Pubs from federal grants

• Removed false positives and characterized type of research evidence



• PK/PD publications rare in all
topic areas

• National databases and
registries have been
exploited to look at epilepsy
and seizure disorders and
their treatment in pregnant
women



NICHD pregnancy and lactation literature 
analysis 2006-2017: results for pregnancy

• RCTs rare in almost all areas
5 Exceptions:
• Gestational diabetes
• Hypertension
• Preterm labor
• Labor pain medication
• Opioids and tobacco



NICHD pregnancy and lactation literature 
analysis 2006-2017: results for pregnancy

• Few infection or vaccine
RCTs included pregnant
women

• Researchers have used
existing databases to assess
use of influenza vaccine in
pregnant women



Amoxicillin pharmacokinetics in pregnant women: 
modelling and simulations of dosing strategies for anthrax

Maximum 
concentration

Area under the Curve

Clinical Pharmacology & Therapeutics
Volume 81, Issue 4, pages 547-556, 28 FEB 2007 DOI: 10.1038/sj.clpt.6100126
http://onlinelibrary.wiley.com/doi/10.1038/sj.clpt.6100126/full#cpt6100126-fig-0001

http://onlinelibrary.wiley.com/doi/10.1002/cpt.2007.81.issue-4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1038/sj.clpt.6100126/full#cpt6100126-fig-0001


Population pharmacokinetics of oseltamivir (Tamiflu) for influenza 
in non-pregnant and pregnant women

British Journal of Clinical Pharmacology
Volume 80, Issue 5, pages 1042-1050, 18 AUG 2015 DOI: 10.1111/bcp.12691
http://onlinelibrary.wiley.com/doi/10.1111/bcp.12691/full#bcp12691-fig-0001

http://onlinelibrary.wiley.com/doi/10.1111/bcp.v80.5/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/bcp.12691/full#bcp12691-fig-0001


Gestational Diabetes Mellitus
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Are we optimizing gestational diabetes treatment with glyburide? The 
pharmacologic basis for better clinical practice.

Clinical Pharmacology & Therapeutics
Volume 85, Issue 6, pages 607-614, 18 MAR 2009 DOI: 10.1038/clpt.2009.5
http://onlinelibrary.wiley.com/doi/10.1038/clpt.2009.5/full#cptclpt20095-fig-0001

http://onlinelibrary.wiley.com/doi/10.1002/cpt.2009.85.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1038/clpt.2009.5/full#cptclpt20095-fig-0001




Safety and pharmacokinetics of 
pravastatin used for the 
prevention of preeclampsia in 
high-risk pregnant women: a pilot 
randomized controlled trial. Costantine
MM, Cleary K, Hebert MF, et al. Am J Obstet Gynecol
2016;214:720.e1-17.



https://www.acog.org/-/media/Committee-Opinions/Committee-on-Obstetric-Practice/co713.pdf?dmc=1&ts=20170814T1635107812

https://www.acog.org/-/media/Committee-Opinions/Committee-on-Obstetric-Practice/co713.pdf?dmc=1&ts=20170814T1635107812


Betamethasone Acetate/Sodium Label

https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=7e63c73d-30b2-4f47-a817-0313a08281c1

https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=7e63c73d-30b2-4f47-a817-0313a08281c1


Drug-induced birth defects

Problem with pre-clinical models
Need for mechanistic approach, not database studies, to determine safety



Congenital malformations in the newborn 
population: a populations study and analysis of 
the effect of sex and prematurity
Egbe A et al. Pediatrics and Neonatology 2015; 56:25-30.



Drug-induced birth defects

• Thalidomide: for nausea and vomiting of pregnancy
• Marketed originally in Germany in 1950s

• Off-target effect: blood vessel/angiogenesis growth inhibitor
• Toxicity: phocomelia

www.thalidomide.ca

http://www.thalidomide.ca/


Diethylstilbestrol (DES)

• Indication: for prior pregnancy loss
• Marketed 1940-1975 + in cattle feed through 1970s
• Off-target effect: endocrine disruptor
• Toxicity: Vaginal clear cell carcinoma, urogenital anomalies (boys),

continuing into the third generation



ACOG Recommendations: Chronic 
Hypertension in Pregnancy

https://www.acog.org/Resources-And-Publications/Task-Force-and-Work-
Group-Reports/Hypertension-in-Pregnancy

https://www.acog.org/Resources-And-Publications/Task-Force-and-Work-Group-Reports/Hypertension-in-Pregnancy


Vaccines to protect both mother and fetus

• Available
• Influenza
• Rubella
• Pertussis
• Hepatitis B
• Tetanus

• Needed and/or  Under Development
• Zika virus
• Toxoplasmosis
• Parvovirus
• Malaria
• HIV



Vaccine monitoring systems: a potential model for 
medications in pregnancy
Nessin M and Sparer O. Seminars Perinatol 2015; 39:524-529

• Inclusive reporting sources and diversity of reporting methodology
• Rapid detection of adverse events
• Data publicly available
• Consistent data quality and comparability
• Access to denominators and control groups
• Connectivity and compatibility with other safety monitoring systems



Impact of medication use during breast feeding
https://www.cdc.gov/breastfeeding/pdf/2013BreastfeedingReportCard.pdf

• 3,978,497 US Births in 2015
• 79% of mothers begin to breastfeed (n=3,143,013)
• 49% at 6 months (n=1,949,464)
• 27% at 12 months (n=1,074,194)

https://www.cdc.gov/breastfeeding/pdf/2013BreastfeedingReportCard.pdf


NICHD pregnancy and lactation literature 
analysis 2006-2017: results for lactation

• For almost all topic areas:
• Limited basic research
• no pharmacokinetic/

pharmacodynamic studies
• Very few rcts

• Large-scale Databases
seldom include sufficient
information on lactation for
research



NICHD pregnancy and lactation literature 
analysis 2006-2017: results for lactation



Questions about medications in lactation

• What is the infant exposure? What are the short- and long-term
consequences of this drug exposure?

• If the mother does not breastfeed because of concern of infant
exposure, what are the short- and long-term consequences?

• If the mother continues to breastfeed but does not take medication
for her medical condition, what are the short- and long-term
outcomes for the mother and infant?



Pharmacogenomics of neonatal opioid toxicity 
following maternal use of codeine during 
breastfeeding: a case-control study
Madadi P et al. CPT 2008 Aug DOI: 10.1038/clpt.2008.157



Neonatal Opioid 
Withdrawal 
Syndrome (NOWS)

•Opioids
• Nicotine
• Alcohol
• Cannabis
• Cocaine
• Benzodiazepines

[alprazolam (Xanax), diazepam
(Valium), lorazepam (Ativan)]
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Application to opioid epidemic 
and neonates going through withdrawal

Develop novel drug targets for pain

Understand drug transport across 
blood-brain barrier

and placenta

Develop a drug for
pain which does 

not cross the 
placenta



Summary



Drug safety: data from pre-clinical toxicology 
vs human exposures
• Current pre-clinical toxicology is descriptive, not mechanistic
• Pre-clinical testing showing drug safety does not necessarily correlate

to clinical/human experience



Table 2. Comparison of the Obstetric Drug Pipeline with that of a Mainstream 
Area (Cardiovascular) and that of a Neglected Disease 

(Amyotrophic Lateral Sclerosis)

Fisk NM, Atun R (2008) Market Failure and the Poverty of New Drugs in Maternal Health. PLOS Medicine 5(1): e22. 
https://doi.org/10.1371/journal.pmed.0050022
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0050022

http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0050022
http://doi.org/10.1371/journal.pmed.0050022


The pregnant women as a drug orphan: a global survey of registered 
clinical trials of pharmacological interventions in pregnancy

BJOG: An International Journal of Obstetrics & Gynaecology
Volume 124, Issue 1, pages 132-140, 14 JUN 2016 DOI: 10.1111/1471-0528.14151 
http://onlinelibrary.wiley.com/doi/10.1111/1471-0528.14151/full#bjo14151-fig-0002

http://onlinelibrary.wiley.com/doi/10.1111/bjo.2017.124.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/1471-0528.14151/full#bjo14151-fig-0002


Summary Points: Research Needs
• Lack of basic science on disease mechanisms in pregnancy
• Need for basic science on placental and breast milk drug transport
• Lack of mechanistic approach to pre-clinical toxicology and off-

target effects of drugs
• Lack of development of novel drug targets applicable to pregnancy

and lactation, including development of placental drug transport
inhibitors



Summary Points

• Need for meaningful, feasible validated, accepted, short-term and 
long-term clinical trial outcome measures 

• Need for improved feasibility of clinical trial designs in pregnancy 
and lactation 

• Improved tracking of research in pregnancy and lactation



Thank you

•Sarah Glavin
•Elizabeth Wehr
•Barbara Brandys

•Lisa Kaeser



https://www.nasa.gov/feature/wallops/2017/march-7-1970-
nasa-lights-the-sky-for-solar-eclipse

https://www.nasa.gov/feature/wallops/2017/march-7-1970-nasa-lights-the-sky-for-solar-eclipse


Questions?
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