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For physicians who care for patients with multiple sclerosis (MS), the use of disease-modifying therapies (DMTs) during
the conception period and pregnancy raises important safety considerations. All DMTs have potential adverse effects on
fertility, pregnancy outcomes, and breastfed infants. Although physicians are reluctant to prescribe DMTs to MS patients
who are contemplating having a family or are already pregnant, treatment can be warranted in those who have active
disease. This review assembles the most current information on the reproductive safety of approved and emerging
DMTs drawn from the literature and information supplied by the manufacturers.
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Introduction

Despite years of experience, there is limited information
regarding the safety of approved disease-modifying thera-
pies (DMTs) on fertility, pregnancy, and lactation in patients
with multiple sclerosis (MS). Even less is known about the
reproductive safety of DMTs in late-stage development.

Safety information concerning drug use in pregnancy
relies heavily on the United States Food and Drug
Administration (FDA) pregnancy categories (Table 1).
Since 1979, experts have advocated for the need to revise
the pregnancy categories, citing that drugs are often
assigned a pregnancy category based on incomplete data
and in some cases no data at all.!?

Parenteral DMTs of MS

Most data on the reproductive safety of parenteral DMTs
are derived from case reports, prospective cohort studies,
pregnancy registries, and safety databases maintained by
manufacturers (Table 2).

Interferon beta Ib and la

The interferon betas (IFNPs) are pregnancy category C
drugs.? There is no evidence of infertility or teratogenicity
with the IFNs; however, exposure during the first trimes-
ter was reported to cause a dose-dependent abortive effect

in monkeys.> Two recent reports examined outcomes in
human fetuses exposed to IFNB. The first was a longitudi-
nal, controlled cohort study that identified an increased risk
of fetal loss and low birth weight in 23 pregnancies among
16 women exposed to IFNf in the first trimester.* The sec-
ond, a retrospective review of 41 in utero pregnancies from
eight clinical trials reported 20 healthy full-term infants,
one healthy premature infant, nine induced abortions, eight
spontanecous abortions, one fetal death, and a congenital
anomaly (hydrocephalus). Although not statistically sig-
nificant, the miscarriage rate in the IFN-exposed pregnan-
cies was higher than the rate expected in the US population.’
In contrast, information on IFNJ exposure during preg-
nancy from the IFNB-1a global safety database and three
IFNP pregnancy registries found that the rates of spontane-
ous abortions and major congenital anomalies with IFN[3
align with the expected rates in the general population®
(Tables 3 and 4). While transfer of IFNf across the placenta
is not significant, it is unknown if IFNJ enters breast milk.>
However, gastrointestinal absorption of intact proteins by
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Table I. US FDA categories for use of medications in pregnancy.

FDA category Description

A Adequate and well-controlled studies have failed to demonstrate a risk to the fetus during the first trimester of
pregnancy (and there is no evidence of risk in later trimesters).

B Animal reproduction studies have not demonstrated a fetal risk, but there are no adequate and well-controlled
studies in pregnant women.
Or
Animal reproduction studies have shown an adverse effect, but adequate and well-controlled studies in pregnant
women have failed to demonstrate a risk to the fetus during the first trimester of pregnancy (and there is no
evidence of a risk in later trimesters).

C Animal reproduction studies have shown an adverse effect on the fetus, there are no adequate and well-

controlled studies in humans, and the benefits from the use of the drug in pregnant women may be acceptable

despite its potential risks.
Or

There are no animal reproduction studies and no adequate and well-controlled studies in humans.
D There is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing
experience or studies in humans, but the potential benefits from the use of the drug in pregnant women may be

acceptable despite its potential risks.

X Studies in animals or humans have demonstrated fetal abnormalities or there is positive evidence of fetal risk
based on adverse reaction reports from investigational or marketing experience, or both, and the risk of the use
of the drug in a pregnant woman clearly outweighs any possible benefit.

US FDA: United States Food and Drug Administration.

breast-fed infants is unlikely. In the absence of any data,
safe use of IFNf while breastfeeding is undetermined.?

Glatiramer acetate

Glatiramer acetate (GA), pregnancy category B, does not
affect fertility or cause teratogenic complications.?!0
Knowledge of GA exposure in human pregnancy comes
from a retrospective analysis of 215 pregnancies included
in the manufacturer’s safety database between 1996 and
September 2002. There were five single cases of congenital
abnormalities (finger anomaly, adrenal cyst, cardiomyopa-
thy, urethrostenosis, anencephaly) and one birth defect
(failure to thrive). The number of live births, miscarriages,
and therapeutic terminations aligned with the general popu-
lation'® (Table 3); GA does not cross the placental barrier
and is considered probably compatible with breastfeeding.!!
Given that GA is an amino acid polymer, it is unlikely to be
absorbed intact across an infant’s gastrointestinal mucosa.

Natalizumab

Natalizumab (pregnancy category C) is a humanized mono-
clonal IgG4 antibody that targets the a4-integrin receptor.'?
Animal studies evaluated the effects of natalizumab on fer-
tility and pregnancy outcomes. In guinea pigs, reductions in
pregnancy rates were observed at 30 mg/kg (36-fold the
human clinical dose). No adverse effects on male fertility
were reported.!3 Human uterine epithelium and embryonic
tissue express oy-integrin receptors. Theoretically, natali-
zumab could interfere with implantation and embryonic
development by inhibiting cell-cell interactions, but neither

has been reported.!* Cardiovascular complications are pos-
sible through inhibition of o, integrins involved in the
development of the epicardium. However, in preclinical
studies, no cardiac abnormalities were reported in monkeys
treated with doses up to 30 mg/kg.!*

Information on pregnancy outcomes is limited. In the
natalizumab MS and Crohn’s disease clinical trial pro-
gram, 41 pregnancies were reported. These pregnancies
resulted in 12 full-term births, 10 ongoing pregnancies, six
spontaneous abortions, and 13 with unknown outcomes,
which align with expected outcomes in the US popula-
tion.! In the gastroenterology literature, 102 pregnancies
exposed to natalizumab were prospectively followed.
There were 55 (53.4%) live births, no stillbirths, 27
(26.2%) elective terminations, 21 (20.4%) spontaneous
abortions, and no congenital malformations.!®!7 Interim
results from the Tysabri Pregnancy Exposure Registry
(TPER) were recently published (Table 4). Fetal malfor-
mations were observed in 23 pregnancy outcomes in 21
women. Compared with historical controls, there were no
significant differences in the rate of fetal malformations.!8
Natalizumab crosses the placenta in the second trimester
and is secreted in human milk in small amounts.!? Although
it is unlikely that natalizumab would be absorbed intact
across the gastrointestinal mucosa, safe use in nursing
mothers is not established.!!!2

Mitoxantrone

Mitoxantrone (pregnancy category D) causes amennor-
hea.>!? In animals, growth retardation and premature births
were reported.?’ In mitoxantrone MS clinical trials, nine
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Table 2. Reproductive safety of parenteral DMTs approved for patients with RRMS.

Drug effect on

Interferon- (la, Ib)

Glatiramer acetate

Mitoxantrone

Natalizumab

Fertility

Teratogenicity

Pregnancy
reports
(published)

Placental
transfer

Secreted in
breast milk

Menstrual irregularities in

monkeys

No well-controlled studies in

humans

No malformation in monkeys

Avonex Pregnancy Registry

(n=226)

No adverse effects
in rats

No well-controlled
studies in humans
No malformation in
rats and rabbits

Glatiramer global
database (n=215)

Betaseron Pregnancy Registry

(n=69)

Rebif Global Database (n=425)

Unlikely

IFNB-1a MW= ~22,500 Da

Unlikely
MW=5000-9000 Da

IFNB-1b MW= ~18,500 Da

Unknown

Unknown/unlikely

No adverse effects in rats
and rabbits

Chemotherapy induced
amenorrhea in humans
Fetal growth retardation
in rats; no teratogenic
effects in rabbits

Potential human teratogen
based on MOA

(N=9) in MS trials

(N=5) in case reports

Limited
MW=514 Da

Yes

Reduced fertility in guinea
pigs; increased abortions
in monkeys

No well-controlled
studies in humans

No adverse effects in
monkeys; small reduction
in guinea pig pup size

Natalizumab Pregnancy
registry (N=341)

Yes, in guinea pigs and
monkeys

Yes; 1gG4 in second and
third trimester

Nursing Not recommended Discuss potential risk Not recommended Not recommended
with patients

Waiting time Not reported Not reported 6 months 3 months

off drug before

conception

FDA pregnancy C B D C

class

DMTs: Disease-modifying therapies; RRMS: relapsing—remitting multiple sclerosis; MOA: mechanism of action; MS: multiple sclerosis; MW: molecular
weight; IFN: interferon beta; US: United States; Interferon beta Ib (Betaseron®), Bayer HealthCare Pharmaceuticals Inc., Montville, NJ; Interferon beta
la (Avonex®), Biogen Idec Inc., Cambridge, MA; Interferon beta Ib (Extavia®), Novartis Pharmaceuticals Corp., East Hanover, NJ; Interferon beta la
(Rebif®), EMD Serono Inc., Rockland, MA; Glatiramer acetate (Copaxone®),Teva Pharmaceuticals USA, Kansas City, MO; Mitoxantrone (Novatrone®),
EMD Serono Inc., Rockland, MA; Natalizumab (Tysabri®), Biogen Idec Inc., Cambridge, MA.

Table 3. Postmarketing surveillance databases: Exposure to DMTs in pregnant patients with RRMS.

Postmarketing # Pregnancies # Live # Spontaneous  # Still  #Terminated  Observations
database (evaluable births  abortions births  pregnancies

outcomes)
Rebif (IFNB-1b) 4252 328 49 4 39 Four of 328 live births were
Global Safety associated with congenital
Database anomalies.
1998-2009 The rate of spontaneous
Sandberg-Wollheim abortions (11.5%) was consistent
etal. 20116 with the US population.
Copaxone 215 155 43 | 9 In 155 live births, there were
(glatiramer acetate) five single cases of congenital
1996-2003 anomalies (finger anomaly,

Coyle et al. 2003'° cardiomyopathy, urethrostenosis,
anencephaly, adrenal cyst) and
one birth defect (failure to thrive).
The rate of spontaneous
abortions (20%) was consistent

with the US population.

DMTs: Disease-modifying therapies; RRMS: relapsing—remitting multiple sclerosis; IFNp: interferon beta; US: United States; % prospectively collected.
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Table 4. Multiple sclerosis pregnancy registries with disease-modifying therapies.

Pregnancy registry

# Pregnancies # Live # Spontaneous # Still

# Terminated Observations

(evaluable births abortions births pregnancies
outcomes)
Betaseron 69 59 8 2 0 Three of 59 live births were associated with a
(IFNB-1b) birth defect.
2006-2009 The rate of spontaneous abortions (I 1.5%)
Coyle et al. 20107 was consistent with the US population.
Avonex 226 193 28 | 4 Fifteen of 193 live births were associated with
(IFNB-1a) at least one major or two minor defects. The
2003-2009 rate of malformations was not increased or
Foulds et al. 20108 overrepresented.
The rate of spontaneous abortions (12.4%)
was consistent with the US population.
Rebif (IFNB-1b) 34 NR 2 | NR SAEs occurred in 10/32 (31.3%).
2002-2007 The rate of spontaneous abortions (6.3%) was
US Pregnancy consistent with the US population.
Registry
Tysabri 334 286 34 | 13 Twenty-three of 234 live births were
(natalizumab) associated with malformations. As this
2007-Nov. 2011 is an interim analysis, the rate of major
Cristiano et al. malformations has not been calculated.
2012'8 The rate of spontaneous abortions (11.2%) is

consistent with the US general population.

IFNB: interferon beta; US: United States; SAEs: severe adverse effects that result in death, require either inpatient hospitalization or the prolongation
of hospitalization, are life-threatening, result in a persistent or significant disability/incapacity or result in a congenital anomaly/birth defect.

pregnancies were reported resulting in six healthy infants,
two pregnancies with unknown outcomes, and one ongoing
pregnancy.?! Patients should be instructed not to become
pregnant while taking mitoxantrone and for at least six
months after discontinuation.!! Placental transfer of mitox-
antrone is limited; however, it is secreted in milk and con-
traindicated when breastfeeding.?>2

Oral small molecules

Two small molecules (fingolimod and teriflunomide) are
approved for the treatment of relapsing forms of MS.
Unlike proteins, small molecules have the potential to be
absorbed by the digestive tract and widely distributed.
Their potential for placental transmission is greater than for
recombinant proteins (Table 5).

Fingolimod

Fingolimod (pregnancy category C) is an oral sphingosine
I-phosphate (S1P) receptor modulator that prevents the
egress of lymphocytes from lymph nodes.?® In rats, expo-
sure to fingolimod caused a slight decrease in pregnancies;
however, the effect of fingolimod on human fertility is
unknown.?*?5  Fingolimod is teratogenic in rats.?326
Congenital abnormalities, including persistent truncus arte-
riosus, were reported.?>2¢ This finding is not unexpected
given that S1P receptors are involved in vascular develop-
ment during embryogenesis. Limited information exists

regarding the safety of fingolimod in pregnancy. In the fin-
golimod MS clinical trial program, 34 pregnancies resulted
in 13 healthy infants, one infant with a tibia malformation
believed to be unrelated to fingolimod, five spontaneous
abortions, nine elective abortions, and six ongoing preg-
nancies.?’ A pregnancy registry is ongoing. When treatment
is stopped, elimination of fingolimod takes approximately
two months because of its long half-life. Patients should
use effective contraception and wait at least two months
following discontinuation before attempting concep-
tion.?32¢ Fingolimod crosses the placenta and is secreted in
breast milk; use in nursing mothers is not recommended.??

Dimethyl fumarate

Fumaric acid esters (pregnancy category pending approval)
have been used for the treatment of psoriasis for more than
50 years, primarily in Germany.?® Despite a long history of
use, there is little information on reproductive safety.
Available studies on teratogenicity are conflicting. In pre-
clinical studies conducted with Fumaderm® (dimethyl fuma-
rate and ethyl hydrogen fumarate), there was no evidence of
teratogenicity.?’ In guinea pigs, exposure to fumaric acid 1%
(about 400 mg/kg twice per day) did not cause adverse
effects on reproduction or fetal growth.3%3! However, in rats,
dimethyl fumarate at doses > 178 mg/kg resulted in embryo-
toxicity and teratogenicity with malformations observed in
organs, coccyX, and skull bone.?? In an observational study
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Table 5. Reproductive safety of oral small molecules in patients with RRMS.

Drug effect on Fingolimod Cladribine Dimethyl fumarate  Teriflunomide Laquinimod
Fertility Decreased Potential male Not reported in No evidence of Not reported in
pregnancies in rats infertility in animals impaired fertility in animals
monkeys male and female rats
Not reported in Not reported in Not reported in Not reported in Not reported in
humans humans humans humans humans
Teratogenicity Fetal malformations Fetal malformations Fetal malformations Fetal malformations in Fetal malformations
in rats in mice and rabbits  in rats rats and rabbits in rats, but not

Not reported in Not reported in

humans humans

Pregnancy (N=59) in MS (N=19) in MS
reports clinical trials clinical trials
(published) (N=1) case report in

hairy cell leukemia
Placental transfer Yes Unknown
Secreted in breast Yes Unknown/Possible
milk
Nursing Not recommended Not recommended
Waiting time 12 months 6 months
off drug before
conception
FDA pregnancy C D

class

in rabbits, with
roquinimex
Not reported

Not reported in Not observed in

humans humans in humans with
roquinimex
(N=15) case series (N=53) with Not reported

in psoriasis patients
with fumaric acid

teriflunomide in safety
database; (n=11) with
teriflunomide in clinical

trials
Not reported Yes (in animals) Not reported
Not recommended Unknown Not reported

Not reported Not recommended

Not reported

Not reported
Suspend teriflunomide, Not reported
initiate | I-day course
of cholestyramine

8 g three times daily to
decrease blood levels
to < 0.02 mg/l. Verify
in two separate tests at
least 14 days apart.

X

Not assigned Not assigned

RRMS: relapsing—remitting multiple sclerosis; MS: multiple sclerosis; FDA: United States Food and Drug Administration; Fingolimod (Gilenya™),
Novartis Pharma AG, Stein, Switzerland; Cladribine oral (investigational) Merck Serono, Frenches Forest, Australia; Cladribine (Leustatin®), Centocor
Ortho Biotech Products LP, Raritan, NJ; Dimethyl fumarate (investigational) Biogen Idec Inc., Cambridge, MA; Teriflunomide (investigational) Genzyme
a Sanofi Company, Cambridge, MA; Leflunomide (Arava®), Sanofi-Aventis U.S. LLC, Bridgewater, NJ; Laquinimod (investigational), Teva Pharmaceuticals

USA, Kansas City, MO.

of 15 psoriasis patients exposed to fumaric acid during preg-
nancy, there was one spontaneous abortion, one stillbirth,
and no evidence of embryotoxicity or teratogenicity.3 It is
unknown if dimethyl fumarate crosses the placenta or is
secreted in breast milk. Use of dimethyl fumarate during
breastfeeding is not reccommended.?%

Teriflunomide

Teriflunomide (pregnancy category X) is contraindicated in
pregnant women and women of childbearing potential who
are not using reliable contraception.?* Teriflunomide causes
teratogenicity throughout the period of organogenesis in
rats and rabbits with high incidences of craniofacial, axial,
and appendicular skeletal defects. Studies assessing the risk
of male-mediated fetal toxicity have not been conducted;
however, teriflunomide can be detected in human semen.
Due to gastrointestinal reabsorption, following discontinu-

ation the plasma concentration of teriflunomide can take
eight months or longer (up to two years) to drop below 0.02
mg/l, a level considered safe for reproduction. If a patient,
or a potential father, on teriflunomide wants to conceive or
becomes pregnant, the drug should be stopped and an
accelerated elimination procedure initiated. Cholestyramine
8 g every eight hours for 11 days is administered. If cholest-
yramine 8 g three times a day is not well tolerated, the dose
can be decreased by 50%.3* Early experience with teriflu-
nomide in pregnant MS patients comes from the
Teriflunomide Multiple Sclerosis Oral (TEMSO) study and
the Teriflunomide Pharmacovigilance Database. In the
TEMSO study, 11 pregnancies were reported resulting in
six terminated pregnancies (all in women receiving teriflu-
nomide), four miscarriages (one in the placebo group and
three in the teriflunomide group), and one healthy newborn
by a patient who was treated with teriflunomide for 31 days
of her pregnancy.’® The Teriflunomide Pharmacovigilance
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Database is a retrospective collection of pregnancy out-
come data from 53 pregnant MS patients with direct (n=41)
or indirect exposure (n=12) to teriflunomide. The 53 preg-
nancies resulted in 17 healthy newborns, 19 terminated
pregnancies, nine miscarriages, and eight ongoing pregnan-
cies. Eight of the 10 women with direct exposure to teriflu-
nomide who delivered healthy newborns underwent the
recommended drug elimination protocol in the first trimes-
ter. No structural or functional defects were reported.3°
Teriflunomide crosses the placenta and is detected in rat
milk following a single oral dose. It is unknown if teriflu-
nomide is secreted in human milk.3* Until further informa-
tion is available, breastfeeding is not recommended.

Laquinimod

Laquinimod (pregnancy category pending approval), a sec-
ond-generation quinoline-3-carboxamide analog structurally
related to roquinimex, is under investigation for relapsing
forms of MS.37-38 Animal studies demonstrated fetal malfor-
mation in rats, but not in rabbits, exposed to roquinimex and
other quinoline compounds.373? A theoretical concern with
quinoline-3-carboxamides is their potential anti-angiogenic
effect.3® However, no case of fetal vascular malformations
due to quinoline-3 carboxamide exposure has been reported.
Until reproductive safety data are available, women of
childbearing potential are advised to use effective contra-
ception and lactating mothers should not breastfeed.*

Cladribine

Parenteral cladribine (pregnancy category D) is indicated
for the treatment of hairy cell leukemia and lymphoma.*!42
Recently, the development of oral cladribine for the treat-
ment of MS was discontinued. Cladribine causes suppres-
sion of rapidly dividing cells, including testicular cells.
Men are advised to not father children while taking cladrib-
ine and for at least six months after its discontinuation.*!4?
In animals, cladribine is teratogenic at all stages of utero
development, but there is no evidence of teratogenicity in
humans.*#> Data on cladribine exposure in human preg-
nancy are limited.*3>** A successful pregnancy following
administration of cladribine to a patient with hairy cell leu-
kemia was reported.® It is not known if cladribine crosses
the placenta or is secreted in breast milk. However, given
its molecular weight (~286), there is the possibility that
cladribine crosses the placenta and is secreted in milk.!4!
Cladribine use while breastfeeding is not recommended.!!

Monoclonal antibodies

Several IgG1 monoclonal antibodies (mAbs) show promise
in MS treatment. (Table 6). IgG1 antibodies do not cross
the placenta in the first trimester, protecting the infant from

exposure during the crucial period of organogenesis, from
18 to 50 days after conception.*® However, they efficiently
cross the placenta in the third trimester and could have
immunological effects on the fetus.

Alemtuzumab

Alemtuzumab (pregnancy C) is a humanized IgG1 mono-
clonal anti-CD52 antibody that is FDA approved for B-cell
chronic lymphocytic leukemia (B-CLL) and in late-stage
development for relapsing MS.47 No fertility complications
have been reported; however, alemtuzumab may cause
reversible infertility in males because of inactivation of
mature sperm.*® Since B-CLL affects mainly elderly
patients, alemtuzumab reproductive toxicity studies have
not been conducted. Alemtuzumab crosses the placenta
(second and third trimesters) and enters breast milk.
Breastfeeding should be avoided for at least three months
after stopping treatment.*34?

Anti-CD20 monoclonal antibodies

Rituximab is no longer being evaluated for the treatment of
MS; however, two second-generation anti-CD20 mAbs are
in phase 3 trials: ocrelizumab and ofatumumab. Rituximab
(pregnancy category C), a chimeric IgG1 anti-CD20 mAb,
is FDA approved for non-Hodgkin’s lymphoma, chronic
lymphocytic leukemia, rheumatoid arthritis, and other
select autoimmune diseases.’® Experience with rituximab
may provide some guidance on the reproductive safety of
second-generation anti-CD20 mAbs. In animal studies,
infertility and congenital malformations were not observed,;
however, a dose-dependent depletion of B-cells was
observed in fetuses.’%! Case reports of rituximab treatment
during pregnancy suggest that it does not result in serious
effects on newborns.52 However, women are instructed to
avoid pregnancy while taking rituximab. Due to its long
half-life, it was proposed that treatment be stopped 12
months before conception (although this proposal may be
overly conservative).’> Rituximab likely crosses the pla-
cental barrier and is secreted in milk in small amounts;
breastfeeding is not recommended.30->3

Ocrelizumab (pregnancy category pending approval) is
a humanized IgG1 CD20 mAb in clinical trials for relaps-
ing and progressive forms of MS. To date, no information
has been published on its reproductive safety. Ofatumumab
(pregnancy category C), a human IgG1 anti-CD20 mAb, is
FDA approved for refractory chronic lymphocytic leuke-
mia and is being investigated in MS. Fertility studies with
ofatumumab have not been conducted. In monkeys, fetal
malformations were not observed with 100 mg/kg ofatu-
mumab, the highest dose tested.>*>> The same instructions
for rituximab use in women of childbearing potential apply
to ofatumumab and ocrelizumab.
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Table 6. Reproductive safety of monoclonal antibodies in patients with RRMS.

Drug effect on Alemtuzumab Rituximab

Fertility No studies conducted No adverse effects in
in animals monkeys
Potential risk of No adverse effects in
reversible infertility humans
in males
Teratogenicity No studies conducted No evidence in
in animals monkeys
No studies conducted Transient B-cell
in humans depletion in offspring

Pregnancy Not reported (N=253) in clinical
reports and postmarketing
(published) database

Placental Crosses the placenta
transfer in monkeys

IgG| crosses the
placenta in second
and third trimester

IgG| crosses the
third trimester

Secreted in Has not been studied

breast milk

In monkeys

Nursing Not recommended Not recommended
Waiting time 6 months 12 months

off drug before

conception

FDA pregnancy C C

class

placenta in second and

Ofatumumab Ocrelizumab Daclizumab

Not reported No published  No studies conducted
data in animals

Not reported No published  No studies conducted
data in humans

No evidence in No published  No evidence in

monkeys data monkeys

Decreased weight No published  Increased prenatal

and transient B-cell data loss vs. placebo

depletion in offspring

Not reported Not reported  Not reported

IgGI crosses the
placenta in second
and third trimester

IgG| crosses
the placenta in
second and
third trimester

Not reported

IgG| crosses the
placenta in second
and third trimester

Secreted in low
concentration in
monkeys

Not reported

Not recommended Not Not recommended
recommended

12 months Not reported 4 months

C Not assigned C

RRMS: relapsing—remitting multiple sclerosis; FDA: United States Food and Drug Administration; Alemtuzumab (Campath®), Genzyme Corporation,
Cambridge, MA; Rituximab (Rituxan®),Genentech, Inc. South San Francisco, CA; Ofatumumab (Arzerra®), Glaxo Group Limited, Greenford, Middlesex,
United Kingdom; Ocrelizumab (investigational) Roche, Basel, Switzerland; Daclizumab (Zenapax®), Hoffman-La Roche, Nutley, NJ.

Daclizumab

Daclizumab (pregnancy category C), a humanized IgGl
monoclonal anti-CD25 antibody, was FDA approved in
1997 for the prevention of renal allograft rejection and is
being investigated for the treatment of MS. Fertility studies
have not been conducted with daclizumab.’ Fetal malfor-
mations were not observed with daclizumab in monkeys,
although there was an increase in prenatal loss. Women of
childbearing potential are advised to use effective contra-
ception while taking daclizumab and for four months after
discontinuation.>® Very low concentrations of daclizumab
are secreted in breast milk of lactating monkeys.
Breastfeeding is not recommended during treatment.>’

Summary

Unfortunately, no DMT is proven to be safe during preg-
nancy or while breastfeeding. Despite limited data on their
reproductive risks, small molecules are considered to carry
unacceptable risks due to their potential to cross the pla-

centa and be secreted in breast milk. Risks for some small
molecules are considered established (mitoxantrone, terif-
lunomide, and cladribine) whereas others remain suspected
(fingolimod, dimethyl fumarate, and laquinimod). In con-
trast monoclonal antibodies do not cross the placenta dur-
ing organogenesis and therefore are unlikely to be
teratogenic; however, they can cross the placenta during the
second and third trimesters, and use of these drugs late in
pregnancy could have immunological consequences for the
unborn infant. Although monoclonal antibodies could be
secreted in breast milk, because they are proteins that
require parenteral administration, it is unlikely that they
will be absorbed intact by breastfed infants. Similar reason-
ing applies to the IFNs; however, ongoing use of IFNs in
women planning pregnancy may be relatively contra-indi-
cated because of their possible abortifacient property. In
women who need to continue DMTs, GA appears to be the
only available treatment that can be used with relative
safety. While treatment with GA can be continued during
pregnancy, there is always the risk of unforeseen adverse
events. It is hoped that this review will be a useful source
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for clinicians who are faced with the challenge of coun-
seling their patients about the potential risks and benefits of
continuing with, or abstaining from, treatment before, dur-
ing, and after pregnancy.

Conflict of interest

Dr Cree has received personal compensation for consulting from
Biogen Idec, EMD Serono, Genzyme, Novartis, Sanofi-Aventis,
and Teva Neurosciences.

Funding

Stephen Dougherty of Axiomed Communications provided edito-
rial assistance in the manuscript preparation (literature search,
formatting of manuscript, development of tables), which was
funded by Sanofi-Aventis.

References

1.

10.

11.

12.

Scialli AR, Buelke-Sam JL, Chambers CD, et al. Commu-
nicating risks during pregnancy: A workshop on the use of
data from animal developmental toxicity studies in pregnancy
labels for drugs. Birth Defects Res A Clin Mol Terato 2004;
70: 7-12.

. Content and format of labeling for human prescription drug

and biological products; requirements for pregnancy and
lactation labeling. Federal Register 73: 04 (29 May 2008):
pp-30831-30868, www.gpo.gov/fdsys/pkg/FR-2008-05-29/
content-detail.html (accessed 27 January 2012).

. Ferrero S, Pretta S and Ragni N. Multiple sclerosis: Manage-

ment issues during pregnancy. Eur J Obstet Gynecol Reprod
Biol 2004; 115: 3-9.

. Boskovic R, Wide R, Wolpin J, et al. The reproductive effects

of beta interferon therapy in pregnancy: A longitudinal cohort.
Neurology 2005; 65: 807-811.

. Sandberg-Wollheim M, Frank D, Goodwin TM, et al. Preg-

nancy outcomes during treatment with interferon beta-1a in
patients with multiple sclerosis. Neurology 2005; 65: 802—806.

. Sandberg-Wollheim M, Alteri E, Moraga MS, et al. Preg-

nancy outcomes in multiple sclerosis following subcutaneous
interferon beta-1a therapy. Mult Scler 2011; 17: 423—430.

. Coyle PK, Roberts S, Scheuerle A, et al. The Betaseron (Inter-

feron Beta-1b) Pregnancy Registry. Int J MS Care 2010; 12
(Suppl 1): S26.

. Foulds P, Richman S, Glick G, et al. Pregnancy outcomes

from the Avonex® (interferon beta-la) pregnancy exposure
registry. Mult Scler 2010; 16 (Suppl 10): P894.

. Rebif® Pregnancy Registry — Study Results — ClinicalTrials.

gov, http://clinicaltrials.gov/ct2/show/results/NCT00338741
(accessed 27 January 2012).

Coyle P, Johnson K, Pardo L, et al. Pregnancy outcomes in
patients with multiple sclerosis treated with glatiramer acetate
(Copaxone®). Neurology 2003; 60 (Suppl 1): A60.

Briggs GG, Freeman RK and Yaffe SJ. Drugs in pregnancy
and lactation: A reference guide to fetal and neonatal Risk.
9th ed. Philadelphia, PA: Lippincott, Williams & Wilkins,
2011, pp.1-1, 728.

Biogen Idec Inc. Tysabri (natalizumab) prescribing informa-
tion. http://www.tysabri.com/pdfs/161061-13 PL.pdf (2012,
accessed 20 March 2012).

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wehner NG, Skov M, Shopp G, et al. Effects of natalizumab, an
o4 integrin inhibitor, on fertility in male and female guinea pigs.
Birth Defects Res B Dev Reprod Toxicol 2009; 86: 108—116.
Wehner NG, Shopp G, Oneda S, et al. Embryo/fetal devel-
opment in monkeys exposed to natalizumab, an a4 integrin
inhibitor. Birth Defects Res B Dev Reprod Toxicol 2009; 86:
117-130.

Biogen Idec Inc. Natalizumab NDA 2004, Pharmacologi-
cal Review Part 3: 81-97. http://www/accessdat.fda.gov.
drugsatfda docs/nda/2004/125104s000 Natalizumab Medr
P3.pdf (accessed 27 January 2012).

Mahadevan U, Nazareth M, Cristiano L, et al. Natalizumab
use during pregnancy. Am J Gastroenterolo 2008; 103
(Suppl 1): A1150.

Hoevenaren IA, de Vries LC, Rijnders RJP, et al. Delivery of
healthy babies after natalizumab use for multiple sclerosis: A
report of two cases. Acta Neurol Scand 2011; 123: 430-433.
Cristiano L, Bozic C and Bloomgren G. Preliminary evalua-
tion of pregnancy outcomes from the Tysabri® (natalizumab)
Pregnancy Registry. Mult Scler 2012; 18 (Suppl 4): P275.
Cocco E, Sardu C, Gallo P, et al. Frequency and risk factors of
mitoxantrone-induced amenorrhea in multiple sclerosis: The
FEMIMS study. Mult Scler 2008; 14: 1225-1233.

Immunex Corporation. Novantrone New Drug Application
Pharmacology Review Part 2. http://www.accessdata.fda.gov/
drugsatfda_docs/nda/2000/21120.pdf Novantrone Pharmr
P2.pdf (accessed 30 January 2012).

Immunex Corporation. Novantrone (mitoxantrone HCL)
Briefing Document for the Peripheral & Central Nervous
System Advisory Committee Meeting 16 December 1999.
http://www.fda.gov/ohrms/dockets/ac/00/backgrd/3582b11.
pdf (accessed 25 January 2012).

EMD Serono Inc. Novantrone (mitoxantrone) prescribing
information. http://www.accessdata.fda.gov/drugsatfda docs/
label/2010/019297s033s0341bl.pdf (2010, accessed 25 Janu-
ary 2012).

Novartis Pharmaceutical Corporation. Gilenya (fingolimod)
prescribing information. http://www.pharma.us.novartis.com/
product/pi/pdf/gilenya.pdf (2012, accessed 20 March 2012).
Novartis Pharmaceutical Corporation. Gilenya (fingolimod)
capsules pharmacology review PDF. Submission date Dec
21, 2009. http://www.accessdata.fda.gov/drugsatfda docs/
nda/2010/0225270rigls000TOC.pharmar.pdf (accessed 2
January 2012).

Novartis Pharmaceutical Corporation. Fingolimod. Sum-
mary of Product Characteristics.http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_Product Informa-
tion/human/002202/WC500104528.pdf (accessed 2 January
2012).

Novartis Pharmaceutical Corporation, FTY720D Briefing
Document for the Peripheral and Central Nervous System
Drugs Advisory Committee Meeting 10 June 2010. http://
www.fda.gov/downloads/AdvisoryCommittees/Materials/
Drugs/PeripheralandCentralNervousSystemDrugsAdviso-
ryCommittee/UCM214675.pdf (2010, accessed 2 January
2012).

Collins W, Francis G, Koren G, et al. Lack of interaction
between fingolimod (FTY720) and oral contraceptives, and
pregnancy experience in the clinical program of fingolimod
in multiple sclerosis. Presented at The 63rd annual meeting

Downloaded from msj.sagepub.com by guest on June 22, 2016


http://msj.sagepub.com/

Cree

843

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

of the American Academy of Neurology, Honolulu, Hawaii,
9-16 April 2011, P07.184.

Roll A, Reich K and Béer A. Use of fumaric acid esters in pso-
riasis. Indian J Dermatol Venereol Leprol 2007; 73: 133—-137.
Biogen Idec. Fumaderm®, initial/Fumaderm®(dimethyl fuma-
rate and ethyl hydrogen fumarate) prescribing information.
http://www.psoriasis-support.de/media/ms/on/gebrauchsinfo
fumaderm_initial 070228.pdf (accessed 12 November 2012).
Dimethyl fumarate — National Library of Medicine — Hazard-
ous substances data bank. Toxnet.nlm.nih.gov (accessed 12
January 2012).

FAO/WHO Expert Committee on Food Additives Series 6
(1975).  http://www.inchem.org/documents/jecfa/jecmono/
v06je04.htm (accessed 12 January 2012).

Wei Q, Runrong G, Xiangdong S, et al. Studies on teratoge-
nicity of dimethyl fumarate. J Hyg Res 1990; 19: 28-31.
Peters P and Schaefer C. Dermatological medications and local
therapeutics. In: Schaefer C, Peters P and Miller R (eds) Drugs
during pregnancy and lactation treatment options and risk
assessment. 2nd ed. London, UK: Academic Press, 2007, p.456.
Genzyme Corporation, a Sanofi company. Aubagio (teriflu-
nomide) prescribing information. http://products.sanofi.us/
aubagio/aubagio.pdf (2012, accessed 7 October 2012).
O’Connor P, Wolinsky JS, Confavreux C, et al. Randomized
trial of oral teriflunomide for relapsing multiple sclerosis. N
Engl J Med 2011; 365: 1293-1303.

Kieseier B, Mednikova Z, Trabelsi N, et al. Pregnancy out-
comes from teriflunomide treatment: Retrospective analysis
of a global pharmacovigilance database. Mult Scler 2011; 17
(Suppl 10): P472.

Bjork A, Jonsson S, Fex T, et al. Quinoline derivatives. Patent
6593343, USA, 2002.

Vukanovic J, Passaniti A, Hirata T, et al. Antiangiogenic
effects of quinoline-3-carboxamide linomide. Cancer Res
1993; 53: 1833-1837.

Mazue G. Extrapolation to humans of animal studies: The expe-
rience of industry. Teratology 1996; 53: 1A-39A, abstract S7.
Thone J and Gold R. Laquinimod: A promising oral medica-
tion for the treatment of relapsing—remitting multiple sclero-
sis. Expert Opin Drug Metab Toxicol 2011; 7: 365-370.
OrthoBiotech. Leustatin(cladribineinjection)prescribinginfor-
mation. http://www.janssenbiotech.com/assets/Leustatin PI.
pdf (2007, accessed 2 January 2012).

TGA Health Safety Regulation. Australian Public Assessment
Report of Cladribine Tablets, July 2011. http://www.tga.gov.au/
pdf/auspar/auspar-movectro.pdf (2011, accessed 2 January 2012).

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Leustatin Product Monograph, http://www.yaofang.us/upload/
product/201091219522532.pdf (2006, accessed 2 January 2012).
Cook S, Vermersch P, Comi G, et al. Safety and tolerabil-
ity of cladribine tablets in multiple sclerosis: The CLAR-
ITY (CLAdRIbine Tablets treating multiple sclerosis orallY)
study. Mult Scler 2011; 17: 578-593.

Orlowski RZ. Successful pregnancy after cladribine therapy
for hairy cell leukemia. Leuk Lymphoma 2004; 45: 187-188.
Palmeira P, Quinello C, Silveira-Lessa AL, et al. IgG placen-
tal transfer in healthy and pathological pregnancies. Clin Dev
Immunol 2012; 2012: 985646. E-pub ahead of print 1 October
2011. DOI: 10.1155/2012/985646.

Genzyme Corporation. Campath (alemtuzumab) prescribing
information.  http://www.campath.com/pdfs/2009-08-Cam-
path%20US%20PL.pdf (2009, accessed 24 January 2012).
Hale G. CD52 (CAMPATH1). J Biol Regul Homeost Agents
2001; 15: 386-391.

Cada DJ, Levien T and Baker DE. Alemtuzumab. Hosp
Pharm 2001; 36: 962-972.

Genentech Inc. Rituxan (rituximab) prescribing information.
http://www.gene.com/gene/products/information/pdf/rituxan-
prescribing.pdf (2012, accessed 24 January 2012).
Vaidyanathan A, McKeever K, Anand B, et al. Developmen-
tal immunotoxicology assessment of rituximab in cynomol-
gus monkeys. Toxicol Sci 2011; 119: 116-125.

Chakravarty EF, Murray ER, Kelman A, et al. Pregnancy out-
comes following maternal exposure to rituximab. Blood 2011;
117: 1499-1506.

Klink DT, van Elburg RM, Schreurs MW, et al. Rituximab
administration in third trimester pregnancy suppresses neonatal
B-cell development. Clin Dev Immunol 2008; 2008: 271363.
E-pub ahead of print 5 May 2008. DOI: 1155/2008/271363.
GlaxoSmithKline. Arzerra (ofatumumab) summary of product
characteristics. http://www.fda.gov/downloads/advisorycom-
mittees/committeesmeetingmaterials/drugs/oncologicdrugsad-
visorycommittee/ucm163891.pdf (accessed 2 January 2011).
GlaxoSmithKline. Arzerra (ofatumumab) prescribing informa-
tion. http://www.accessdata.fda.gov/drugsatfda_docs/label/
2009/1253261bl.pdf (2009, accessed 2 January 2012).

Roche. Zenapax (daclizumab) prescribing information. www.
gene.com/gene/products/information/zenapax/pdf/pi.pdf
(2005, accessed 13 February 2012).

Roche. Daclizumab. Summary of product characteristics.
http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_- Product_Information/human/000198/WC5000
57604.pdf (accessed 2 January 2012).

Downloaded from msj.sagepub.com by guest on June 22, 2016


http://msj.sagepub.com/

