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Abstract

Medicines and vaccines prescribed to pregnant women often have not had pregnant women or lactating women included in clinical trials and products
are often not approved by regulatory agencies for use in pregnant women. As a result, practitioners may need to prescribe medicines and give
vaccines to this special population with limited drug efficacy and safety information available. Multiple regulatory guidance documents regarding the
development of medications for pregnant and lactating women have been developed to encourage drug development and the investigation of medicines
and vaccines used in this population. However, clinical, regulatory, ethical, and drug development challenges are encountered when designing clinical
trials that include pregnant women and their fetuses, in which innovative methods and trial designs are essential. This article provides an overview of
an industry perspective on maternal–fetal drug development that includes a review of the regulatory landscape for developing medicines for pregnant
women and their fetuses, trial designs that include pregnant women, identification of gaps and challenges, and strategies for potential maternal–fetal
drug development considerations for the future development of medicines and vaccines for pregnant women. Early involvement and discussion of
drug and vaccine products with multiple stakeholders, including therapeutic experts, patients, physicians, and regulators, is encouraged to optimize the
development of safe and effective medicines and vaccines for pregnant women and their fetuses.
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During pregnancy, the body undergoes significant
anatomical and physiological changes, having profound
effects on the pharmacokinetics (PK) of medications.1

Over-the-counter and prescription medicines are often
needed during pregnancy. As a result of the lack of clin-
ical, safety, or dosing information, healthcare providers
are left using medications off-label in pregnant women.
Therefore, pregnant woman and the fetus are at risk for
decreased safety and efficacy. Healthcare practitioners
may often prescribe older medications to pregnant
patients because of previous experience prescribing the
medicine to their patients, or because there is known
safety and adverse events information available. Newer
drugs may be more effective in this population but are
not used as often because the safety profile in pregnant
women and their fetuses is unknown.2 An example of
the global impact of off-label use in this population is
shown in aFrench article published in 2020, which was
a multicenter, prospective, longitudinal, observational
study that included 397 women who gave birth to 400
children, all of whom used at least 1 medication. In
this study, the most common on-label drugs used were
acetaminophen, antianemia preparations, analgesics,
antibacterial drugs, or acid-related drugs. Three hun-
dred and twenty-one (80.9%) pregnant women used at
least 1 off-label drug, 285 (71.8%) pregnant women
used at least 1 off-label high-risk drug (eg, antithrom-
botic agents, calcium channel blockers, heparins, or

vasoprotectives), and 189 (47.6%) pregnant women
used at least 1 contraindicated drug (eg, non-steroidal
anti-inflammatory drugs).3 Although this study casts
a glance at the potential level of off-label use of
medicines prescribed to pregnant women and the fetus,
the final level of off-label use is unknown.3 Addition-
ally, whether prescribing on- or off-label medicines or
developing new medications or vaccines, the efficacy
and safety of the drug in pregnant women and their
fetuses might be considered independently, which can
cause a conflict at times.

Previously there has been hesitancy in exposing
pregnant women and their fetus to investigational drugs
because of a concern that it could harm the pregnant
woman and potentially the fetus. However, not study-
ing the drug could also lead to inappropriate dosing,
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insufficient therapeutic response, adverse reactions, and
limited efficacy and safety information. Therefore, the
objective of this article is to provide an overview of
an industry perspective on maternal–fetal drug devel-
opment by: (1) providing the regulatory landscape for
developing medicines for pregnant women and their
fetus, (2) designing trials that include pregnant women,
(3) identifying potential gaps and challenges, and (4)
providing potential strategies for maternal–fetal drug
development considerations for the future development
of medicines and vaccines for pregnant women and
their fetuses.

Maternal–Fetal Drug Development
Regulatory Framework
For decades, pregnant women and children were largely
excluded globally from clinical trials. Although in the
past 20 years many regulatory agencies have changed
or created new regulations and guidance to incorporate
this special population in the clinical trials. However,
regulations to study medicines in pregnant women
and their fetuses remain limited.4 The United States
Congress passed the Best Pharmaceuticals for Children
Act (BPCA) in 2002 and the Pediatric Research Equity
Act (PREA) in 2003 to help promote the study of
medicines in children.5,6 The BPCA is a voluntary pro-
gram to incentivize the completion of pediatric clinical
trials by providing additional marketing exclusivity to
drug developers. BPCA utilizes the Food and Drug
Administration (FDA)-issued written requests to de-
scribe the pediatric clinical studies to be completed vol-
untarily for a specific drug.5,7–9 Whereas PREA permits
the FDA to require pediatric studies in certain drugs
and biological products and request studies to develop
the most age-appropriate formulations.6 Currently, new
medicines developed for conditions that occur in adults
and children are now including studies that evaluate the
efficacy and safety of the drugs in adults and children
of all ages. Also, international collaboration via the
Pediatric Cluster teleconference meetings provides a
pathway for multiple regulatory agencies to discuss
new drug development programs and topics focused
on pediatrics. The Pediatric Cluster teleconferences oc-
cur monthly and include multiple regulatory agencies,
including the FDA, the European Medicines Agency
(EMA), Japan’s Pharmaceuticals and Medical Device
Agency, Health Canada. and Australia’s Therapeutic
Goods Administration.10 In addition, the Common
Rule of 2018 may aid in the potential inclusion of
pregnant women as the rule no longer classifies preg-
nant women as a vulnerable population under 45 CFR
46.111(a)(3).4,11 However, there are currently no regu-
latory requirements mandating clinical trial inclusion
of pregnant women and their fetuses. The US Health
and Human Service regulations apply to the fetus,

whereas the pediatric regulations (21 CFR subpart D)
are not applicable to the fetus.12 Although there are
limited regulations regarding pregnant and lactating
women and fetuses, there are over 7 US guidance doc-
uments regarding developing medicines for this special
population.4,13-19

Other initiatives include the United States Congress
establishment of the Task Force on Research Specific
to Pregnant Women and LactatingWomen (PRGLAC)
in 2017. The PRGLAC has several representatives, in-
cluding federal agencies, medical societies, the pharma-
ceutical industry, and non-profit organizations.20,21 The
task force submitted in the 2018 PRGLAC report to the
Department of Health and Human Services guidance
regarding the implementation and 15 recommendations
for including pregnant and lactating women in clin-
ical research.20 Additionally, the FDA/University of
Maryland Center for Excellence in Regulatory Science
and Innovation (M-CERSI) has held several workshops
to advance the understanding and development of
medicines in pregnant women and their fetuses. For
example, in 2021 the FDA/M-CERSI held a workshop
addressing fetal pharmacology and ways to advance
drug development, and in 2022 there was a workshop
to engage stakeholders to assess current gaps in ad-
vancing pharmacokinetic study evaluation in pregnant
women.22,23

Additionally, the US regulatory framework, in the
form of workshops and guidance available for design-
ing clinical trials for this patient population, continues
to expand and simultaneously several other countries
and regulatory agencies have also created research
initiatives, guidance, and workshops on this important
topic. In 2020, for example, the EMA held a workshop
to explore the benefit–risk of medicines used during
pregnancy and breastfeeding.24 In 2021, the Interna-
tional Coalition of Medicines Regulatory Authorities
(ICRMA) held a pregnancy and lactation workshop
that focused on the COVID-19 medicines available for
pregnant women and the severity and clinical outcomes
of COVID-19 in this special population.25 Also, in
the UK, the Medicines and Healthcare products Reg-
ulatory Agency (MHRA) developed a 1-day course
on the PK of medicines in pregnancy and the ways
that pregnancy can affect plasma drug levels.26,27 In
addition to the course, other guidance provided by the
EMA for pregnant women and their fetuses include the
2019 “Guideline onGood Pharmacovigilance Practices
(GVP) – Product- or Population-Specific Considera-
tions III: Pregnant and Breastfeeding Women” and
the 2020 “EMA Regulatory Science to 2025: Strategic
Reflection.”28,29

International collaboration efforts continue to in-
crease for maternal and pediatric drug development.
One example of international collaboration occurs with
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the International Council for Harmonisation of Tech-
nical Requirements for Pharmaceuticals for Human
Use (ICH), which is a group that brings multiple
regulatory agencies and pharmaceutical industry rep-
resentatives together to discuss specific technical and
scientific topics. Combined international collaboration
of multiple group efforts to accelerate maternal drug
development led to the May 2022 ICH endorsement
of the development of a new ICH Efficacy Guide-
line on the “Inclusion of Pregnant and Breastfeeding
Individuals in Clinical Trials.”30 Although, these new
regulatory guidance and regulations help to encourage
future drug development programs to include pregnant
women and their fetuses,more can be done inmaternal–
fetal drug development to provide additional regulatory
guidance and incentives to assist with specific funding
for studying medications that are off-patent or used
off-label.

The inclusion of pregnant women in clinical trials
can provide information on the use of investigational
medicines in this special population, which could lead
to obtaining the necessary data to determine whether
the medicine or vaccine is safe and effective for use in
pregnant women, with that information subsequently
added to the drug label. However, often pregnant
and lactating women are excluded from clinical trials,
especially if there is insufficient information to deter-
mine the risk to the fetus or infant.13,31 Therefore, it
is vital to study medicines and vaccines that include
pregnant women in clinical trials when it is appropriate
to include them, but especially in certain situations
where potentially the drug or vaccine could be indicated
for pregnant women and their fetuses and it is deemed
scientifically and ethically applicable to include this
patient population.

Impactful and efficient clinical trials that include
pregnant women and their fetuses are vital in improving
the quality of care as well as increasing the number of
available safe and effective medicines and vaccines for
this special population. Thus, under the Prescription
Drug User Fee Act (PDUFA VII), the FDA has com-
mitted to expand the use of the Sentinel network and
real-world evidence for assessing pregnancy safety.32

Also, the FDA is developing a framework to describe
how data from various types of post-marketing preg-
nancy safety studies might optimally be used and will
conduct 5 demonstration projects to address gaps in
knowledge about performance characteristics of differ-
ent study designs, including pregnancy registries and
electronic healthcare data sources. In this expansion,
the utilization of real-world evidence for use in regu-
latory decision making is also being explored.32

Regulatory agencies have established patient-focused
drug development guidance and initiatives to incorpo-
rate the patient perspective in the drug development

and evaluation process.33,34 Partnering with patient
advocacy organizations for specific diseases, patients,
and advocates for pregnant women, and obtaining
their perspectives on the drug development program,
is helpful in providing the insight and feedback to
better inform the strategy, design, and execution of the
study.34 Patient involvement in a study is needed as
their perspectives are extremely valuable. Identification
of patient’s needs and priorities in a study and their
perspective can aid in optimizing the trial protocol
designs, improve completion of assessments during the
study as well as enhance recruitment and retention
of the participant in the study.35 Therefore, leveraging
predictive analysis, strategizing early for the optimal
dose and study designs, and obtaining a team of experts
to strategize and execute these studies is needed.

Designing Trials That Involve Pregnant Women and Their
Fetuses
Advances in medical care have resulted in women who
previously would not have survived their diseases now
becoming pregnant and needing to continue treatment
during their pregnancies. Standard therapies used by
pregnant women include drug products such as an-
tibiotics, antidepressants, anti-epileptic medicines, and
anti-hypertensives, as well as preventative vaccines such
as the maternal respiratory syncytial virus (RSV) vac-
cine. Although the safety profile observed in traditional
clinical trials will be a reasonable prediction of what
would be observed in a pregnant woman, there are
well-known examples of adverse events in the pregnant
women and fetus that are not observed in traditional
clinical trials. One example is the antibiotic tetracycline,
which if administered after 24 weeks of pregnancy can
lead to the permanent staining of a baby’s teeth. Like-
wise, angiotensin-converting enzyme (ACE) inhibitors,
if used during the second and third trimesters of
pregnancy for the treatment of hypertension, can cause
injury to the infant’s kidneys. Lithium carbonate can
be used to treat pregnant women with bipolar disorder
but is often switched to a similar drug during a portion
of the pregnancy when the fetus’s heart is developing
because Lithium use in pregnancy carries a small risk
of fetal heart defects, such as Ebstein’s anomaly. His-
torically, there have been many unfortunate tragedies
where pregnant women have used certain medicines
that caused significant adverse events to themselves
or their unborn child. For example, pregnant women
seeking relief from nausea used thalidomide, and some
subsequently delivered children with phocomelia.

When a potential drug product or vaccine has been
identified for clinical development, a comprehensive
plan is outlined listing all planned clinical studies as
well as the necessary nonclinical information needed
to enroll the appropriate study participants. Important
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to the well-being of study participants is knowledge of
the PK, safety, and dose translation between species.
When the anticipated patient population includes preg-
nant women, additional nonclinical studies should be
considered so that the future clinical studies may be
designed to allow investigators to closely monitor both
the pregnant woman and the fetus throughout the
clinical trial for potential adverse reactions and possible
long-term effects on themother after the pregnancy and
effects on the neonate.

As part of the investigational new drug (IND)
application, study reports of nonclinical studies and
exploratory studies, including PK in at least 2 species,
both single and multiple dose, toxicology at multiples
of anticipated human exposure, genotoxicity studies,
safety pharmacology, efficacy studies in appropriate
non-human models, if available, toxicokinetics, and
reproductive/toxicology, including an assessment of
teratology and female fertility, are needed.36 Data
obtained from nonclinical studies or animal studies
provide valuable information, but is this enough? For
example, depending on the drug product, nonclinical
studies or animal studies can predict whether a particu-
lar drug poses a high risk of birth defects or whether the
medicine is excreted in human milk, but still, in certain
situations, these data can be limited.2 Therefore, in
special populations (eg, pregnant or lactating women)
there may need to be additional nonclinical assess-
ments and sufficient nonclinical information to support
proceeding to clinical studies. Additional guidance on
conducting nonclinical safety studies to support clinical
studies in special populations can be found in the ICH
guidelines for industry: S5 (R3) Guideline on Repro-
ductive Toxicology: Detection of Toxicity to Repro-
duction for Human Pharmaceuticals; S11 Nonclinical
Safety Testing in Support of Development of Pedi-
atric Pharmaceuticals; andM3 (R2) Nonclinical Safety
Studies for the Conduct of Human Clinical Trials and
Marketing Authorization for Pharmaceuticals.37–40

Animal studies mainly focus on potential drug ef-
fects and possible adverse effects on the reproductive
outcome and birth defects, which are often determined
by administering the animals a higher dose of the drug.
However, selecting the appropriate nonclinical study or
animal model as well as trimester to administer the
medication is essential to leverage the data appropri-
ately, interpret the findings, and determine the appli-
cability to pregnant women and their fetuses. Animal
models have been used to help predict pharmacokinetic
pharmacodynamic (PKPD)modeling in pregnancy and
fetal drug development but limitations exist, arising
from differences in placenta structure, hemodynamics,
and other differences among species.41,42

Phase 1 clinical research focuses on the safety and
dose finding in a small number of healthy adult vol-

unteers and occasionally in participants diagnosed with
the condition or disease for which the compound is be-
ing investigated. The purpose of phase 2 is to study the
efficacy of the drug and adverse reactions in a larger but
relatively small number of participants diagnosed with
the condition or disease. Phase 2 studies are usually well
controlled and the participants are closely monitored.43

In phase 3, the number of participants is larger than
Phase 2 with the selected disease or condition studied
and expands to controlled and uncontrolled trials. After
preliminary evidence of drug effectiveness is obtained
in phase 2 studies, then phase 3 studies are intended
to gather additional information on the safety and
effectiveness of the drug.43

Before 2012, depending upon the anticipated indica-
tion, clinical trials includedmainly adults butwith some
participants from special populations (eg, the pediatric
population, from birth to 18 years; pregnant women;
and the geriatric population, aged 65 years and older).
However, after 2012 when the Food and Drug Admin-
istration Safety and Innovation Act (FDASIA) made
BPCA and PREA permanent, the pediatric population
was routinely included in industry-sponsored clinical
studies, but pregnant women and their fetuses often re-
mained understudied.5,6,44 PK data is usually collected
in industry-sponsored studies through observational
trials or other surveillance opportunities. Occasionally
a participant may become pregnant during a study in
which there will be continuedmonitoring of these study
participants including the outcome of their pregnancies
and the condition of the newborns. Additionally, if
the participant is lactating, then an evaluation of the
excretion of the drug or itsmetabolites into humanmilk
should be investigated as well as the infant monitored
for potential effects of the drug.37

With the challenges of including pregnant women,
or those who may become pregnant in clinical trials,
unconventional trial design options can be considered
when developing products for pregnant women and
their fetuses, which include but are not limited to lon-
gitudinal design, opportunistic study design, staggered
trial design, embedded trial design, and adaptive trial
design. Prior to selecting the design and conducting the
clinical trial it is important to have estimates of PKPD
data prior to launching a clinical trial evaluation.45 In
the 2004 FDA Pharmacokinetics in Pregnancy guid-
ance, regulators suggest that PK studies should be
conducted before pregnancy, to establish a baseline
for comparison, and then continue throughout each
trimester. However, there are challenges associated with
enrolling participants pre-pregnancy and so the regu-
lators recommend an alternative approach, obtaining
PKPD assessments in the second and third trimester
and comparing the pregnancy datawith the postpartum
data.45
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Adaptive design is a clinical trial design that permits
prospectively plannedmodification in 1 ormore aspects
of the trial design, and has been used in uncertain
cases with regard to safety and efficacy.46 This type of
design is used in smaller patient populations and can
be expanded to a broader population based on interim
safety data. These types of trial designs have been
used in other special populations, such as pediatrics,
because it permits more flexibility in the study to
allow additional enrollment based on previous data.
Additional regulatory guidance has been established
regarding adaptive designs and has greatly contributed
to the increase in the use and understanding of adaptive
designs in clinical trials.31,46 When designing clinical
trials for special populations, such as pregnant women
or pediatric participants, it is important to obtain
sufficient information in clinical trials about medical
product efficacy and safety in participants from racial
and ethnic minority backgrounds.31,47 Also, selecting
the most suitable endpoint to capture the information
needed to determine the efficacy and safety of the drug
in this unique population is necessary. Including clinical
or surrogate endpoints that evaluate both the pregnant
woman and the fetus is essential.

Impactful and high-quality clinical trial designs that
obtain the necessary data is critical. However, early
in the planning stages it is also essential to consider
and incorporate in the development of the drug or
vaccine novel methods, designs, and tools for medicines
intended for both pregnant women and their fetuses.
Additionally, the consideration of how the medica-
tion may affect the pregnant individual and how it
affects the fetus can vary, and utilizing tools to predict
potential effects is needed. Population PK (popPK)
and physiologically based PK (PBPK) modeling are
pharmacometrics tools that have been used for many
years in pharmacological studies involving pregnant
and lactating women.21 For example, an estimate of
the PK of oseltamivir in pregnant women diagnosed
with influenza was determined by utilizing popPK
modeling.21 To investigate the extent to which a drug
transfers across the placenta, the incorporation of
PBPKmodels can in general predict the PK in pregnant
women but is limited in predicting the PK in the fetus.48

Often there is a lack of information regarding the PK
of drugs in pregnant women, and anticipated exposure
for the dose and dosing regimens are extrapolated from
other populations, such as non-pregnant women, to
pregnant women. The extrapolation of information
from non-pregnant to pregnant women could result
in a potential risk of supratherapeutic or subthera-
peutic dose exposures, leading to the pregnant women
and/or their fetuses experiencing toxic or ineffective
drug effects.49 However, there are some situations where
PBPK pregnancy models are able to incorporate data

collected during pregnancy in women and nonclinical
models to build a foundation that will in turn result
in a more robust assessment of exposure throughout
pregnancy and guide optimal sampling in confirmatory
studies. Models may be included in regulatory sub-
missions to provide additional information on time-
dependent factors at any stage of pregnancy, support
appropriate dosing and optimal study designs.50

The optimization of digital tools, modeling and
simulation, and the use of real-world evidence and
real-world data lead to a better understanding of the
use of the medicine, decreases the exposure of a drug
to pregnant women and their fetuses by reducing the
potential sample size of participants needed to be in a
clinical trial, and can contribute to the determination of
an appropriate dose and design for studies in pregnant
women and their fetus.

Challenges and Opportunities
The complexities and challenges of maternal and fetal
trials are similar to those of pediatric and neona-
tal studies. Prior to regulatory mandates to study
medicines in children, few children participated in
clinical studies. However, with the implementation of
regulatory mandates, investigators gained experience
and the pharmaceutical industry was able to develop
efficient pediatric clinical programs. With the increase
in studies including pregnant women, there is recog-
nition that PK, safety, and efficacy data are needed
throughout pregnancy. Therefore, development of new
pregnancy regulatory guidances, scientific workshops,
and exploration of novel methods and tools such as
modeling and simulation is being conducted to obtain
the pregnancy information. As shown in Figure 1, there
are over 380,000 adult (18 to 64 years) studies available
and an increasing number of pediatric studies, but the
maternal–fetal studies available remain limited. The
limited number of maternal–fetal studies may cause
difficulty for interested participants to join the study
and challenges for the investigators to be part of the
study and gain experience in this specialized area.

The safety profile of a drug at the time of regulatory
approval is often incomplete for pregnant women,
due to limited sample size, short duration, and inclu-
sion/exclusion criteria. As pregnancy is frequently an
exclusionary criterion, there are limited data on the
efficacy and safety of availablemedicines in this popula-
tion. Post-marketing surveillance offers an opportunity
to gather information in populations not included in
the original drug development experience. However,
despite knowing that there is a growing expectation
on the part of healthcare providers and patients for
safety and efficacy information on the use of medicines
and vaccines, researchers must continue to carefully
consider potential risks and benefits prior to the
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Interventional

Phase 3

Recruiting 

Interventional 

Study Phase

Interventional

Studies

Patient 

Population

All Clinicaltrials.gov Studies

411,929 

Adult 

(18-64 Years)

380,413

294,882

Phase 1: 48,356
Phase 2: 66,558 
Phase 3: 37,088

4,042 Studies

Adult 

(>65 Years)

315,039

239,971

Phase 1: 33,015
Phase 2: 58,540
Phase 3: 32,679

3,652 Studies

Child 

(Birth-17 Years)

81,762

55,213

Phase 1: 5,445 
Phase 2: 10,807
Phase 3: 9,112

864 Studies

Searched "Pregnancy"

9,063

5,904

Phase 1: 279
Phase 2: 637
Phase 3: 776

85 Studies

Searched "Fetal"

2,015

1,170

Phase 1: 59
Phase 2: 123
Phase 3: 123

12 Studies

Figure 1. Number of studies for each patient population listed on ClinicalTrials.gov.
Note: National Institute of Health.51 https://www.clinicaltrials.gov/

inclusion of pregnant women and their fetuses in the
drug development process.

Other compounds may have existing information on
pharmacology, PK, and PD,which can be leveraged in a
new drug development program for medicines intended
for pregnant women and their fetuses by permitting
new programs to have improved study design, reduction
in the number of studies needed, and the reduction in
the amount of time required to complete the studies.

Some additional challenges in conducting studies in
this special population arise when discussing a clinical
trial with a pregnant woman, where ethical and safety
concerns are usually paramount for the mother and the
fetus.52 Enrollment in these studies can be complicated
and difficult unless there is known benefit to both
the mother and the fetus. One of the complications
for conducting maternal drug or vaccine studies and
enrolling pregnant women and their fetuses in a study is
the hesitancy to participate . Hesitancy from clinicians
and researchers in exposing pregnant women and their
fetuses to investigational drugs is mainly associated
with ethical concerns regarding potential drug-related
adverse reactions.53 Thus, investigators and clinical trial
units may be hesitant to run these studies because of
the unknown safety profile for the pregnant woman and
fetus and the questionable benefits. However, the hes-
itancy of clinicians, researchers, and pregnant women
to be part of a clinical study can also result in pregnant
women continuing to be prescribed medicines off-label,
where the potential adverse reaction of the drug is
unknown for the pregnant woman and fetus, including
the long-term effects on the pregnant individual and the
child.

Informed consent could be a potential challenge as
both mother and fetus must be considered. Conducting
trials that include pregnant women and their fetus
may include consenting questions such as the number
of consents needed for the participants (eg, pregnant
woman and fetus), number of consents needed for each
phase of the study, and the country requirements for
who is eligible to provide consent for the study. The
potential consents required could include but are not
limited to a parental consent (maternal and/ormaternal
and paternal consent) and a separate consent for the
fetus, as well as a new consent once the infant is
born (eg, for safety and development assessments).54

Additionally, the clinical trials consent requirements
could vary by the type of study, age of participant(s),
and country.

Some therapeutics such as vaccines and neonatal-
specific medications may be more straightforward to
study. Still, other drugs that would rarely be used in the
pregnant woman and fetus could be more complex to
study. For example, there could be amedicine or vaccine
that is intended for non-pregnant women but might be
used in a pregnant woman, so it is critical to understand
whether there are unexpected potential adverse effects
to the pregnant woman and the fetus even though
the medicine or vaccine is intended mainly for the
women and not for the fetus. Additionally, there could
be a medicine or vaccine such as the maternal RSV
vaccines that focus on the fetus and the development of
antibodies that will cross the placenta and provide pro-
tection to the infant after birth. Additional complexity
in maternal–fetal drug development, which differs from
traditional drug development includes: determining

https://www.clinicaltrials.gov/
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the appropriate endpoint for both participants, the
pregnant woman and the fetus in the clinical trial; the
selection of long-term outcomes to measure, such as
growth and development parameters; and determining
the duration of follow-up for the pregnant woman, the
fetus, and eventually the infant.

Pregnant women diagnosed with medical
complexities may be under additional stress, leading to
reduced interest in clinical trial participation. Potential
investigators are likely to be concerned that eligible
pregnant women are not likely to participate. Difficult-
to-enroll studies are challenging for the industry to
execute as they could take years to recruit, leading
to the use of medicines off-label before scientific
data can be obtained and potential delay in the drug
being approved for this special patient population. For
medicines approved in adults or adults and children,
but not approved for use in pregnant women and
used off-label, it creates increased difficulty to enroll
pregnant women into a trial with a drug that is already
available on the market. Industry and investigators
have also experienced similar types of challenges
in running pediatric and neonatal trials. However, for
maternal–fetal studies there is an additional complexity
because the patient population is limited to only
a 9-month period, and both the woman and the
fetus are changing throughout the duration of the
pregnancy.

If a healthcare provider or pregnant woman was
interested in participating in a clinical trial, there could
be significant difficulty navigating where to locate an
open clinical trial that includes pregnant women in
the trial. One of the options to learn about potential
clinical trials conducted in the USA and around the
world that may include pregnant women is to review
ClinicalTrials.gov, which is a searchable registry and
results database that provides information about the
purpose of the trial, who is eligible to participate,
locations, and contact information to obtain more
information about the study. However, to determine
potential studies that include pregnant women it is
a challenge, as currently in ClinicalTrials.gov there is
only an option to select “Adult (18–64 years),” “Adult
(>65 years),” and “Child (birth–17 years),” but no
option to select “pregnant” or “fetal.” Also, currently
there is no option to select whether the study excludes
pregnant women. Thus, a healthcare provider or a
patient that is interested in locating a clinical trial for
pregnant women would have to search for “pregnant”
as the condition or disease and then review all the po-
tential trials that would be applicable. Currently there
is a large discrepancy in the number of studies available
for adults, pediatrics, and adults aged >65 years versus
the number of studies for pregnant women and their

fetuses (Figure 1). Therefore, it could be advantageous
if ClinicalTrials.gov or similar platforms to search
for clinical trials included an advanced search option
to select “pregnancy or maternal” to enable easier
and quicker access for the healthcare provider and
the potential participant to locate clinical trials for
medicines and vaccines where pregnant women and/or
their fetuses are eligible to participate in the study.
Although there is a significant difference between the
studies available for adults and pediatrics in comparison
with pregnant women and their fetuses (Figure 1), the
number of studies captured in the figure include
studies for drug research, vitamins, procedures, and
behavioral research. Additional applicable regulation
and guidance documents for industry for developing
medicines and vaccines in pregnant women and their
fetuses, registries, and incentives to conduct research
and develop medicines and vaccines in this area, as well
as an increased awareness of potential clinical trials
available to this special population are needed to help
narrow the gap and discrepancy between the number
of studies conducted and the medicines and vaccines
approved across patient populations.

In September 2018, Moore et al published a sum-
mary of the estimated costs from 2015 through 2016
of pivotal trials required to show scientific evidence
for FDA approval. The cost ranged from $5 million
to over $345 million per trial, with a mean study cost
of $13.5 million.55 Most of these trials in this study
were conducted in adults. Clinical trial cost is gener-
ally higher when studying special populations such as
maternal-fetal or pediatric studies.

Pediatric studies, for example, require extra time and
additional steps such as obtaining consent from both
parents and assent from the patient, and often having
the consent discussion multiple times as parents are
not always together. Studies in pediatric populations
routinely require more sites and investigators to run
trials in multiple countries, compared with studies
including adults only. Individual sites are at times only
able to enroll low numbers of patients, adding to costs
because of the need to obtain additional global sites
to recruit the required number of participants for the
study. Additional funding would be needed for the
recruitment and retention of pregnant women and
their fetuses into a study. However, if it is a long-term
safety study more funding would be needed to evaluate
the mother as well as the fetus over a longer period
of time as the child grows. As BPCA incentives have
helped move pediatric trials forward, similar incentives
and opportunities would help support the additional
cost of drug development and potential expansion of
a priority list of therapeutic areas or medicines to be
studied for pregnant women.5,56
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Considerations and Strategies for Maternal–Fetal Drug
Development Programs
Traditionally, the drug safety and efficacy data in
pregnant women and fetuses have been obtained from
post-marketing surveillance, but are limited. However,
through federal resources and a focus on the gap
in knowledge on maternal–fetal drug development,
in the early 2000s the National Institute of Child
Health and Human Development (NICHD) estab-
lished a collaborative multicenter research network
known as the Obstetric–Fetal Pharmacology Research
Units (OPRUs). The mission of the ORPUs was to
improve the safety and efficacy of medications used in
pregnant and lactating women. In 2015, the network
name was changed to the Obstetric–Fetal Pharmacol-
ogy Research Centers (OPRCs). The ORPCs identified
commonly used medicines in pregnancy and lactation
and investigators conducted PKPD studies of these
medications. As a result of this work, several studies
from the OPRCs have been published on medicines
commonly used in pregnancy and during lactation.21

In addition to consider utilizing the ORPCs, there
are several other considerations that need to be po-
tentially incorporated when conducting maternal–fetal
clinical research, such as thoughtful design strategy
and execution and the involvement of multiple func-
tional areas and experts throughout the drug devel-
opment process. Depending on the drug or vaccine
development program the considerations and strate-
gies could fluctuate between categories when designing
trials for pregnant women and their fetus (Figure 2).
The incorporation of trial considerations and elements
that have been successful in previous maternal–fetal
development programs is encouraged as it may op-
timize the maternal–fetal strategy and execution of
the new drug or vaccine development program. There
are several potential design elements and strategies to
consider when developing a maternal–fetal drug or
vaccine program which include building a core study
team internally of appropriate experts representing
multiple functional lines, such as regulatory, clini-
cal, safety, trial operations, clinical pharmacology and
pharmacometrics expertise, as well as engaging exter-
nally with therapeutically aligned experts and research
networks.

Collaboration with the research networks and ini-
tiatives is advantageous when building a new drug or
vaccine development plan. The connection with these
specialized groups can help to understand and integrate
experience obtained from past clinical studies for the
therapeutic area or drug class that is being developed.
For example, for many years pregnant and lactating
women with HIV have participated in PK studies.
However, many of the womenwithHIV are also breast-

feeding their newborns and so it would be important to
gather the previous experience of the PK studies and
understand the extent that the newborn is exposed to
the maternal drugs in the breastmilk.57 Another exam-
ple related to maternal–fetal health initiatives includes
the WHO department of Essential Medicines and
Health Products, United Nations Population Fund,
and United Nations International Children’s Emer-
gency Fund groups, who created a priority list of
medicines for women and children that encompasses
medications based on the global burden of disease and
evidence that the efficacy and safety of the drugs could
prevent or treat major illnesses that cause maternal
and pediatric mortality and morbidity.58 Therefore,
connecting with research initiatives such as the Inno-
vative Medicines Initiative ConcePTION or networks
such as the World Health Organization (WHO) and
the International Maternal Pediatric Adolescent AIDS
Clinical Trials Network (IMPAACT) can lead to shar-
ing knowledge and creating new paths to advance drug
development for pregnant women. The ConcePTION
group focuses on improving the monitoring and com-
munication of the safety of medicines used in preg-
nancy and breastfeeding,59 whereas WHO/IMPAACT
is a group with a mission to decrease the incidence of
HIV andHIV-associated infections in pregnant women
and children. WHO/IMPAACT produced a document
titled “Research for informed choices: Accelerating the
study of new drugs for HIV in pregnant and breast-
feeding women” that described a new framework for
pregnant womenwithHIV to be included earlier in clin-
ical trials.57,60 Additionally,WHO/IMPAACTprovided
techniques to accelerate studies in pregnancy, such as
conducting reproductive toxicity studies during early
pre-clinical stages of drug development and permitting
women enrolled in a study to decide whether they want
to continue in the study if they become pregnant.57,60

Therefore, leveraging prior data on the drug or vac-
cine as well any data obtained from available animal
studies or non-pregnant individuals can be beneficial
when determining study design endpoints or possible
quantitative or innovative tools to incorporate into the
development program.

In creating a maternal–fetal development strategy
plan it is important to utilize regulatory guidance, es-
tablished registries, research incentives, and clinical re-
search networks to ultimately lead to improved dosing,
safety, and efficacy of medicine and vaccines intended
for pregnant women and their fetuses, as shown in Fig-
ure 2.59 Regulators encourage sponsors with maternal–
fetal development programs to have early meetings with
the intended regulatory agencies to discuss the program
and when and how to include pregnant women in the
development plan.13



S26 The Journal of Clinical Pharmacology / Vol 62 No S1 2022

Nonclinical Studies

Additional Considerations for Strategy and Execution of Studies that Include Pregnant Women and Fetus2,3
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Figure 2. Drug development considerations and strategies when designing studies that include pregnant women and fetuses.Sources:Roset Bahmanyar
et al52 and Green et al.4

Conclusion
Leveraging existing data, experts in their field (eg,
bioethics, neonatology, OBGYN/maternal health, and
perinatology), digital tools, and previous experience

with medicine and vaccine studies in pregnant women
is essential to creating an informed clinical trial de-
sign and development program. It is imperative that
multiple stakeholders be involved early in the clinical
trial design for medicines and vaccines intended for
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pregnant women and their fetuses. Potential stakehold-
ers include patient, industry, academia, and regulatory
representatives. It is vital to harness the patient voice
and use patient experts to explore the current field, the
challenges, and the potential actional solutions.

Regulatory guidance, pregnancy research initiatives,
and regulatory cluster teleconference meetings focused
on medicines commonly used or that might be used
in pregnant women and their fetuses would be benefi-
cial. Through collaboration with multiple stakeholders,
continued research, education, and awareness about
the potential effects of medicines and vaccines on the
pregnant individual and fetus, initiatives to develop
medicines and vaccines in this special population, reg-
istries, workshops, and consortiums are all needed to
understand and address the gaps in this specialized
area. The integration of novel study designs and inno-
vative strategies are vital to accelerating drug develop-
ment and increasing the number of safe and effective
medicines and vaccines available to pregnant women
and their fetuses.
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