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Purpose of review

To provide the latest evidence and treatment advances of multiple sclerosis in women of childbearing age
prior to conception, during pregnancy and postpartum.

Recent findings

Recent changes permitting interferon beta (IFN-b) use in pregnancy and breastfeeding has broadened the
choices of disease modifying treatments (DMTs) for patients with high relapse rates. Natalizumab may also
be continued until 34 weeks of pregnancy for patients requiring persisting treatment. Drugs with a known
potential of teratogenicity such as fingolimod or teriflunomide should be avoided and recommended wash-
out times for medications such as cladribine, alemtuzumab or ocrelizumab should be considered.
Teriflunomide and fingolimod are not recommended during breastfeeding, however, glatiramer acetate and
IFN-b are considered to be safe.

Summary

The evidence of potential fetotoxicities and adverse pregnancy outcomes associated with DMTs is
increasing, although more research is needed to evaluate the safety of drugs and to track long-term health
outcomes for the mother and the child.
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INTRODUCTION

Multiple sclerosis (MS) isdefined as a degenerative and
chronic autoimmune disease affecting the central
nervous system (CNS) in which demyelination,
inflammation, and axonal damage develops in the
early stages of the disease. Typically, MS presents as
an active intermittent disease (relapsing-remitting
MS), however in around 15% of patients MS presents
in a progressive course (primary progressive MS) [1].
MS mostly affects females of childbearing age
(20–40years). Evidence from a landmark Pregnancy
in MS (PRIMS) study decades ago turned down beliefs
that pregnancy was harmful for women with MS. The
PRIMS study also demonstrated the increased risk of
MS relapses within the first 3–4 months after delivery,
especially for patients with very active MS prior to
conception [2]. Over the recent decades, MS treatment
has extremely progressed. Various disease modifying
treatments (DMTs) have been approved by the Euro-
pean Medicines Agency (EMA) and the United States
Food and Drug Administration (FDA). These medica-
tions now represent a first-line treatment option for
women diagnosed with MS due to its effectiveness in
lowering MS severity and relapses, and reducing the
progression of new CNS lesions. In terms of the
pregnancy in women diagnosed with MS, pharmaceu-
tical management is challenging [4]. Scientific litera-
ture provides evidence mainly for pregnant patients
administered with either glatiramer acetate (GA) or
interferon beta (IFN-b), whilst evidence on highly
effective DMTs that has recently been released to
the market is still lacking [3]. With the creation of
new and effective DMTs, new considerations have
arisen for the wash-out needs of these medications
prior to conception, safety during pregnancy and
breastfeeding. Premarketing data precludes recom-
mendations concerning DMTs safety in pregnancy
due to the limited numbers of pregnancies occurring
during clinical trials. Consequently, mostly all DMTs
are not recommended in pregnancy except when the
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KEY POINTS

� Multiple sclerosis management in pregnancy is
challenging since most disease modifying treatments
are contraindicated during this period.

� Interferon beta and glatiramer acetate are the preferred
treatment options during pregnancy and breastfeeding in
cases where maintaining the treatment is clinically
needed.

� Pregnancy does not protect against relapses following
cessation of fingolimod or natalizumab therefore for
patients with a high risk of relapses requiring persisting
treatment, natalizumab may be continued until
34 weeks.
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treatment of the disease outweighs the potential risks
to the fetus.

The aim of this narrative review is to focus on the
pharmacotherapeutic considerations for women
with MS during pregnancy and to provide the latest
evidence regarding the safety of DMTs in this setting.
INTERFERON BETA

IFN-b is a polypeptide with a molecular weight
ranging from 18.5 to 22.5 kDA, therefore due to
its high molecular weight, IFN-b does not cross the
placenta [6]. In September 2019, the EMA released
an update allowing its use to be considered prior to
conception, in pregnancy and while breastfeeding.
The revised recommendation was centered on
recent safety data from two large cohort studies
investigating pregnant women exposed to IFN-b.
The European IFN-b Pregnancy Registry evaluated
948 pregnancies in 26 countries and detected no
significant differences of inborn abnormalities or
spontaneous abortions rates in women exposed to
IFN-b prior or during pregnancy compared to the
general population [7

&

]. A few months later, a simi-
lar Nordic cohort study was published presenting
the results of 232 Finnish and 411 Swedish pregnan-
cies exposed to IFN-b. Compared to the unexposed
group, no differences in birth weight, length and
head circumferences were detected in infants
exposed to IFN-b during pregnancy [8

&

].
In regard to breastfeeding, because of its high

molecular weight, only low amounts of IFN-b
(around 0.006% of the maternal dose) passes into
breast milk [9]. A very recent study done by Ciplea
et al. investigated 39 women breastfeeding under
IFN-b. Potential infant exposure to IFN-b (median
duration 8.5 months) resulted in no adverse out-
comes in the first year of life [10].
1040-872X Copyright � 2021 The Author(s). Published by Wolters Kluwe
GLATIRAMER ACETATE

GA is a complex polypeptide with a similar molecu-
lar weight to IFN-b, thus due to its large size, it is not
likely to be able to cross the placental barrier. Data
from a large study analyzing Teva’s global pharma-
covigilance database including 7000 pregnancies
collected over a 20-year period have provided sig-
nificant information on the safety of GA in preg-
nancy. In total there were 5042 pregnancies with
known outcomes, including 4034 live births (2366
healthy infants, 1557 newborns with no inborn
abnormalities and 111 newborns with congenital
and/or perinatal disruptions); 138 elective abortions;
53 extrauterine pregnancies; 49 stillbirths; 9 not spec-
ified pregnancy terminations and 6 hydatidiform
moles. The most frequent inborn anomalies were
21st chromosome trisomy (n¼13), congenital heart
defects (n¼9), congenital talipes equinovarus (n¼8)
and hip dysplasia (n¼7). After comparing these out-
comes to the general population, the study reported
that pregnancies exposed to GA were not at an
increased risk for inborn abnormalities [11]. This data
provided significant evidence regarding GA exposure
in pregnancy, which appears to be safe and with no
teratogenic events.

In terms of breastfeeding, GA by most experts is
considered to be safe, but the evidence on safety is
scarce. In the previously mentioned study by Ciplea
et al. 34 breastfeeding women who received GA daily
were followed for 1 year. No conditions associated
with potential infant exposure to GA were detected
[10].
DIMETHYL FUMARATE

Dimethyl fumarate is a low molecular weight mole-
cule (144 Da) and has a terminal half-life of one hour
[11]. In 2019, Hellwig et al. presented an analysis of
pregnancy outcomes in women with MS treated
with dimethyl fumarate. An international register
enrolled 194 pregnancies with known outcomes
including 177 live births and 17 lost pregnancies.
7 birth defects were documented in this prospective
study: 2 newborns with a ventricular septal defect, 1
with transposition of the great arteries, 1 with pylo-
ric stenosis, 1 with hydronephrosis and 1 with uni-
lateral developmental hip dysplasia. The rates of
premature births, spontaneous abortions, birth
weight and inborn defects in pregnancies exposed
to dimethyl fumarate did not differ from the general
population [12]. Even though no potential risks or
fetotoxicities were reported, current evidence is too
scarce to draw any conclusions. At this stage,
dimethyl fumarate is not recommended during
pregnancy and should be avoided unless it is clearly
r Health, Inc. www.co-obgyn.com 379



Women’s health
necessary and the potential treatment benefits
outweigh the risk to the fetus.
TERIFLUNOMIDE

Teriflunomide is a small molecule with a molecular
weight of 270 Da and has a mean half-life of
15–18days. However, due to its extensive enterohe-
patic recycling it may take 8–24months to reach
negligible serum concentrations after the discontinu-
ation of teriflunomide [13]. Teriflunomide is contra-
indicated for MS patients planning to conceive due to
teratogenicity and embryotoxicity being demon-
strated in animal studies [14]. Despite the various
guidelines recommending efficient contraception,
pregnancies exposed to teriflunomide have been
recorded. In June 2020, Vukusic et al. published a
study analyzing the outcomes of 222 pregnancies
occurring during treatment with teriflunomide. The
study reported 107 live births, 63 elective and 47
spontaneous abortions, 3 extrauterine pregnancies,
1 stillbirth and 1 maternal death. Among the known
pregnancy outcomes, the study reported 5 birth
defects (cystic hygroma, ureteropyeloectasia, foot val-
gus deformity, congenital heart defect and hydro-
cephalus). The authors concluded that the
outcomes of the pregnancies exposed to terifluno-
mide were conforming with the general population
[15]. More recently, in August 2020, similar results
were reported by Henson et al. After analyzing 587
pregnancies occurring while being treated with leflu-
nomide (the parent compound of teriflunomide), the
study concluded that the outcomes did not differ
from the general population and did not indicate
embryofetal toxicities with leflunomide [16]. Like-
wise, the outcomes of pregnancies in female partners
of males with MS treated with leflunomide or teri-
flunomide have been studied as both of these drugs
are detectable in the semen at very low levels. A study
by Vukusic et al. analyzed 105 pregnancy outcomes
and no detectable signals of teratogenicity were
noticed in women with male partners receiving
teriflunomide or leflunomide [17].

Even though the most recent data does not dem-
onstrate teratogenic effects in teriflunomide or leflu-
nomide exposed pregnancies, the numbers are still too
low to draw any conclusions. Also, there is no evidence
regarding the safety of exposure to these drugs in the
second and third trimesters. In the event of an unex-
pected pregnancy or desired conception, MS patients
should be recommended to stop the treatment with
teriflunomide or use an accelerated elimination pro-
cedure with activated charcoal or cholestyramine.
Teriflunomide is a small molecular weight drug and
is likely to be excreted into breast milk so for that
reason, breastfeeding is contraindicated [14].
380 www.co-obgyn.com
ALEMTUZUMAB

Alemtuzumab is a recombinant humanized mono-
clonal antibody that binds to lymphocytes CD52
surface receptor. It has a molecular weight of 150
kDa, a 4–5-day half-life and is fully eliminated in a
30-day period [18]. The major concern with alem-
tuzumab use in pregnancy is an increased risk of
autoimmune thyroiditis and the fetal risks related to
it, including premature birth, preeclampsia, reduced
birth weight and neurocognitive impairment
[19,20]. Like other monoclonal antibodies, alemtu-
zumab does not cross the placental barrier during
the first trimester. Regardless, drug labels advise to
use effective birth control for women with repro-
ductive potential during and at least 4 months after
finishing the treatment with alemtuzumab [18]. In
May 2020, Oh et al. published a study investigating
264 pregnancies exposed to alemtuzumab. Among
all pregnancies, 67% were live births with no inborn
defects, 22% were spontaneous and 11% were elec-
tive abortions while 1 pregnancy ended as a still-
birth. This study did not detect a significant
difference between women conceiving before or
after the recommended 4-month post alemtuzumab
exposure contraception window, and spontaneous
abortion rates were comparable with the rates in the
general population [21]. Like most monoclonal anti-
bodies, alemtuzumab is excreted into breast milk,
therefore breastfeeding is not recommended [18].
FINGOLIMOD

Fingolimod is a sphingosine-1-phosphate receptor
agonist and has a low molecular weight of 307 Da
enabling the drug to cross the placental barrier [22].
In July 2019, the EMA updated restrictions for fin-
golimod use in pregnancy and recommended to
stop fingolimod at least 2 months prior to concep-
tion. In case of unplanned pregnancy while being
treated with fingolimod, the treatment must be
stopped and the pregnancy closely monitored
[23]. These updated restrictions were triggered by
previous reports of the risk of birth defects (heart,
muscles and bones) being twice as high for infants
exposed to fingolimod in pregnancy [24]. However,
later studies by Geissb€uhler et al. [25] and Pauliat
et al. [26] investigating pregnancy outcomes in
women with MS exposed to fingolimod did not
detect any significant increase in the risk of major
congenital anomalies. The updated results of
pregnancy outcomes exposed to fingolimod during
pregnancy or for up 2 months before conception have
been reported at the European Committee for Treat-
ment and Research in MS (ECTRIMS) congress in
September, 2019. After analyzing 1586 prospective
cases of maternal exposure to fingolimod, researchers
Volume 33 � Number 5 � October 2021
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concluded that the estimated risk of major congenital
malformations was between 2.04 and 5.3% which was
similar to the estimated risk in the general population
(2.04–4.5%) [27].

Pregnancy does not protect against MS relapses,
and some women experience severe MS relapses as
early as 1–4 months after cessation of fingolimod
[28]. To avoid disease reactivation in women desir-
ing pregnancy and receiving fingolimod, treatment
could be switched to natalizumab prior to preg-
nancy [29]. Patients should be informed that fingo-
limod can be identified in breast milk, therefore
breastfeeding is not recommended [30].
NATALIZUMAB

Natalizumab is an IgG4 humanized monoclonal anti-
body that binds to the lymphocyte a4-integrin recep-
tor. Natalizumab is a large molecule with a molecular
weight of 150 kDa and is believed not to cross the
placental barrier until the second trimester [31].
Cessation of natalizumab prior or during pregnancy
may result in severe MS reactivation starting from the
second month after the last infusion [32]. According
to the recent Italian multicenter cohort study, cessa-
tion of natalizumab early in pregnancy instead of
prior to conception, significantly reduces MS relapses
[33]. The strategy of continuing natalizumab after
conception has become more used in clinical practice
therefore current research is focusing on how long
natalizumab should be used in pregnancy. Data anal-
ysis of 92 completed pregnancies exposed to natali-
zumab collected from 19 Italian MS centers was
presented in the 2019 ECTRIMS congress. Women
with MS were divided into 3 groups with respect to
the last infusion of natalizumab: the first group was
prior to conceiving, the second group was in the
middle of the first trimester of pregnancy while the
third group continued natalizumab into the third
trimester. This study concluded that natalizumab
continuation later into pregnancy resulted in lower
annualized relapse rates compared to cessation prior
or early in pregnancy. Also, this study detected no
alarming adverse events for the infants exposed to
natalizumab [34]. These recommendations were
incorporated into the updated guidelines of the
Association of British Neurologists on pregnancy
management in MS in January 2019. It is now sug-
gested to continue natalizumab until 34 weeks of
gestation for women with high MS activity requiring
persisting treatment and to resume the treatment
postpartum in 8–12 weeks after the last dose. To
reduce the exposure, instead of 4-weekly infusions,
natalizumab infusions can be reduced to 8-weekly
[35]. The latest research investigating pregnancy out-
comes of MS women with third-trimester
1040-872X Copyright � 2021 The Author(s). Published by Wolters Kluwe
natalizumab use was published by Triplett et al. in
January 2020. In this study, 15 live births occurred in
13 females treated with natalizumab during the sec-
ond and third trimesters. Hematological alterations
were confirmed in 5 newborns, which included ane-
mia (n¼2) and thrombocytopenia (n¼3) [36

&&

].
In terms of breastfeeding, the latest studies show

that the concentration of natalizumab in the serum of
newborns and breast milk is low [37], therefore breast-
feeding under natalizumab is likely to be safe and
outweighs risks of potential newborn exposure [38].
OCRELIZUMAB

Ocrelizumab is a recombinant humanized mono-
clonal immunoglobulin G that selectively targets
the CD20 B-lymphocytes. Preliminary data from a
study investigating 267 pregnancies of MS women
exposed to ocrelizumab was presented in the 2019
ECTRIMS congress. Administration to the drug was
considered if the pregnancy occurred within three
months after the last ocrelizumab infusion. The
study did not reveal an increased risk of negative
pregnancy outcomes, including spontaneous abor-
tions or congenital anomalies [39]. However,
female patients of childbearing age are advised to
use effective birth control while receiving ocrelizu-
mab up to 12 months (an EMA recommendation) or
for at least 6 months (an FDA recommendation)
after the last infusion [40,41]. Breastfeeding is not
suggested for at least 6 months after the last infu-
sion of ocrelizumab. B-cells should be monitored in
the infant and in the case of B-cell depletion, vacci-
nation should be postponed until the B-cell
count returns to normal (which usually takes
6–10 months) [5].
CLADRIBINE

Cladribine is a purine nucleoside analog that inhib-
its DNA synthesis and causes the suppression of
rapidly dividing cells. Cladribine is a small molecule
with a low molecular weight of 285 Da allowing
placental transfer during pregnancy [42]. Cladribine
has demonstrated teratogenicity and embryonic
lethality in animal studies and therefore women
with reproductive potential are advised to use effec-
tive contraception for at least 6 months after the last
dose of cladribine [43]. Although contraception is
advised during cladribine treatment, some pregnan-
cies do occur. In May 2020 Giovannoni et al.
published an analysis of pregnancy outcomes in
the cladribine clinical development program. There
were 70 pregnancies in total: 49 in the cladribine
group and 21 in the control group. Pregnancy out-
comes in women exposed to cladribine during the
r Health, Inc. www.co-obgyn.com 381
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‘at-risk’ period were consistent with epidemiological
data of pregnancy outcomes for the general popula-
tion [44]. Regardless of this data, the current evi-
dence surrounding cladribine remains very limited
and for that reason, women receiving cladribine
should avoid pregnancy and breastfeeding.
CONCLUSION

The pharmacotherapeutic considerations in
patients with MS considering pregnancy are com-
plex as the treatment continuation and/or interrup-
tion affects both the mother and the fetus. Recent
changes permitting IFN-b use in pregnancy and
breastfeeding has broadened the choices of DMTs
for patients with high relapse rates. Natalizumab
may be also continued until 34 weeks of pregnancy
for patients requiring persisting treatment. Health-
care providers should avoid prescribing drugs with
known potential teratogenicity like fingolimod or
teriflunomide and recommended wash-out times
for medications such as cladribine, alemtuzumab
or ocrelizumab should be considered. Teriflunomide
and fingolimod are not recommended during
breastfeeding, while GA and IFN-b are considered
to be safe. Thanks to large observational studies and
data from pregnancy registries, the evidence of
potential fetotoxicities and adverse pregnancy out-
comes associated with DMTs is increasing. However,
more research is needed to evaluate the safety of
drugs and to track long-term health outcomes for
the mother and the child.
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