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Abstract
Background and Objectives
In women with highly active multiple sclerosis (MS), suspending rituximab (RTX) for planning
pregnancy is associated with low disease reactivation. Whether this strategy reduces the risk of
disease reactivity as compared with suspending natalizumab (NTZ) 3 months after conception
is unclear.

Methods
We retrospectively included women with MS followed in our department during pregnancy and
1 year after birth who suspended NTZ at the end of the first trimester (option mostly proposed
before 2016) or suspended RTX/ocrelizumab (RTX/OCR) in the year before conception
(option proposed since 2016).

Results
In women who suspended NTZ, 45 pregnancies resulted in 3 miscarriages and 42 live births,
including 1 newborn with major malformations. In women who suspended RTX/OCR, 37
pregnancies resulted in 3 miscarriages and 33 live births; 1 pregnancy was terminated for mal-
formation. During pregnancy, relapse occurred in 3/42 (7.1%) patients of the NTZ group and
1/33 (3%) of the RTX/OCR group (p = 0.6). After delivery, relapse occurred in 9/42 (21.4%)
patients of the NTZ group and 0/33 of the RTX/OCR group (p < 0.01). In the NTZ group, 8/9
relapses occurred in patients who restarted NTZ less than 4 weeks after delivery. The proportion
of patients with gadolinium-enhanced and/or new T2 lesions on brain or spinal cord MRI
performed after delivery was higher in the NTZ than RTX/OCR group (14/40 [35%] vs 1/31
[3%] patients, p = 0.001), the proportion with EDSS score progression during the period
including pregnancy and the year after delivery was higher (7/42 [17%] vs 0/33 patients, p =
0.01), and the proportion fulfilling NEDA-3 during this period was lower (21/40 [53%] vs 30/31
[97%] patients, p < 0.001).

Discussion
Suspending RTX/OCR in the year before conception in women with highly active MS was
associated with no disease reactivation during and after pregnancy. As previously reported,
stopping NTZ at the end of the first trimester was associated with disease reactivation. In
women receiving NTZ who are planning pregnancy, a bridge to RTX/OCR for pregnancy or
continuing NTZ until week 34 are both reasonable clinical decisions. The RTX/OCR option is
more comfortable for women and reduces the exposure of infants to monoclonal antibodies.
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Introduction
In the past years, the development of disease-modifying therapies
in multiple sclerosis (MS) has greatly improved the disease
prognosis.1 Of note, the emergence of high-efficacy therapies has
allowed for controlling inflammatory activity in most patients
with relapsing remitting MS. Thus, planning a pregnancy has
become increasingly conceivable forwomenwithMS, even those
with highly active disease.2 However, the best therapeutic strat-
egy that should be used for planning pregnancy in women with
highly active MS remains not fully determined.

Several studies suggested that natalizumab (NTZ) has a good
benefit/risk balance for planning pregnancy inwomenwith highly
active MS when infusions are continued after conception.3-6 Es-
pecially, maintenance of NTZ during the first trimester of preg-
nancy is associated with low disease reactivity during pregnancy
and no complications in the newborns, but disease activity can
recur after delivery.4 Maintenance of NTZ during pregnancy is
associated with a 24.5% reduction in odds of relapse during
pregnancy per month continued.6 In that way, maintaining NTZ
until 30–34weeks of gestation has been recommended in patients
with highly active MS.7-9 This strategy seems safer for newborns
because an exposure throughout the entire third trimester is as-
sociated with frequent hematologic complications but not totally
safe because anemia was reported in several newborns exposed at
this term.8,10,11 Moreover, the risk of disease activity in women
treated until this term remains significant.6,8 Indeed, postpartum
relapse occurred in patients receiving NTZ beyond the first tri-
mester, and MRI analysis demonstrated that 20% of women
treated during the second trimester presented at least 1 new T2
lesion and 13% at least 1 enhancing lesion after delivery.6,8

Recent studies suggested that anti-CD20 therapies, mainly ritux-
imab (RTX), may be safe and associated with no return of disease
activity when they are suspended for planning pregnancy.12-16 Of
note, women who suspended RTX vs NTZ before pregnancy
showed lower disease activity.14 However, to the best of our
knowledge, no study has compared disease activity between
women who suspended NTZ into pregnancy and women who
suspended anti-CD20 therapies before conception.

According to these recent data on anti-CD20 therapies, in our
department, we progressively changed clinical practice during
the past years for women with MS who planned pregnancy.
The strategy to maintain NTZ during the first trimester was
progressively replaced by an extension of the anti-CD20
dosing interval for planning pregnancy. In the present ob-
servational study, we included all consecutive women with
highly active MS followed in our department who received
NTZ during the first trimester of pregnancy (option mostly
proposed before 2016) or at least 1 anti-CD20 infusion

(RTX/ocrelizumab [OCR]) in the year before conception
(option proposed since 2016) and who were followed at least
1 year after birth. We compared the efficacy and safety of these
2 distinct therapeutic strategies.

Methods
Protocol and Participants
Over the past decade in the MS center of Marseille, we used 2
main standardized therapeutic strategies for women with
highly active MS who were planning pregnancy. Between
2014 and 2016, we proposed only 1 strategy based on the use
of NTZ. We advised all women with highly active MS and
anti-JC virus antibody index <1.5 who were planning preg-
nancy to continue NTZ up to the end of the first trimester.
The therapeutic strategy was not standardized concerning the
time to restart NTZ after birth, but most physicians restarted
NTZ in the first 4 weeks after birth. Since 2016, a second
strategy based on RTX was also proposed. In that case, we
advised women to maintain contraception at least 3 months
after the last infusion of RTX. If no pregnancy occurred
during the year after the last infusion, a new infusion of RTX
was given. In case of pregnancy, no infusion was administered
during pregnancy, and most physicians restarted RTX within
the first 24 weeks after birth. After 2018, we applied the same
strategy for OCR.

Patients were seen in the MS center for a clinical evaluation at
the beginning of pregnancy (within 1 month after concep-
tion), at 6 months of pregnancy, 1 month after delivery, 3–6
months after birth, and 6–12 months after birth. Brain and
spinal cord MRI were performed within 2 months after birth
and 6–12 months after birth. All examinations for a given
patient were performed by the same experienced neurologists
(S.D., A.R., C.B., A.M., J.P., or B.A.). The Expanded Disability
Status Scale (EDSS) score was collected at each visit. All
patients were given the phone number of our neuro-
inflammatory unit that was open 24 h/d and 7 d/wk. We
informed each patient about the need to call the center in case
of new neurologic signs. Relapse was considered the occur-
rence of neurologic signs persisting for more than 24 hours in
the absence of fever, infection, or other intercurrent phe-
nomena. In case of relapse, the patient was admitted to hos-
pital and corticosteroids were administered if necessary.

The NTZ group included patients who stopped NTZ at the
end of the first trimester (3 or 4 infusions after conception
depending on the interval between conception and the first
infusion during pregnancy). The anti-CD20 group included
patients who received an infusion of RTX or OCR in the year
before conception. We extracted data on demographics and

Glossary
EDSS = Expanded Disability Status Scale; NTZ = natalizumab; OCR = ocrelizumab; OR = odds ratio; RTX = rituximab.
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disease characteristics before pregnancy. All relapses occurring
during pregnancy and postpartumwere prospectively recorded.

Morphologic outcomes of newborns (weight and size) and
gestational age were prospectively recorded.

Ethical Approval
The authors obtained ethical approval from the Institutional
Review Board of the University Hospital of Marseille, France,
for this study (Approval No. PADS-21-60).

Statistical Analyses
Analyses were conducted with JMP 16.1.0 (SAS Institute Inc).
Baseline demographics and disease characteristics were com-
pared between the NTZ and RTX/OCR groups by the Mann-
Whitney U test. Kaplan-Meier survival analysis was used to
compare time to first relapse between theNTZ andRTX/OCR
groups during the period including pregnancy and the year
after delivery. Disability progression was determined by com-
paring the EDSS scores at 12 months after birth and within 1
month after conception. Disability progression was defined as a
worsening of at least 1.5 points of the EDSS score with baseline
EDSS score 0, at least 1 point with baseline EDSS score 1 to 4,
and at least 0.5 points with baseline EDSS score >4. The
proportion of patients with confirmed disability progression
was compared by the Fisher exact test. MRI activity in the year
after delivery was defined as the presence of at least 1 enhancing
and/or new T2 lesion in at least 1 brain or spinal cord MRI
performed during the year after delivery compared with an
MRI performed before conception after the onset of NTZ or
anti-CD20 therapy. The proportion of patients with MRI ac-
tivity in the year after delivery was compared by the Fisher exact
test. Finally, we determined the proportion of patients fulfilling
no evidence of disease activity 3 (NEDA-3) between concep-
tion and 1 year after delivery.

Multivariable logistic regression models were used to assess
possible predictors of maintenance of NEDA-3 in the period
including pregnancy and the year after birth, estimating odds
ratios (ORs), and 95% confidence intervals (CIs). The model
contained the following covariates: age at conception, EDSS
score at conception, annual relapse before highly active therapy,
disease duration at conception, and therapeutic strategies
(NTZ vs anti-CD20 suspension).

Data Availability
All data analyzed during this study will be shared anonymized
by reasonable request of a qualified investigator to the cor-
responding author.

Results
Study Population
Overall, 45 pregnancies in 45 women matched the inclusion
criteria for NTZ suspension and 37 pregnancies in 36 women
the criteria for anti-CD20 suspension. In women who sus-
pended NTZ, 45 pregnancies resulted in 42 live births. In
women who suspended RTX/OCR, 37 pregnancies resulted
in 33 live births. No women were lost to follow-up. The
demographic and clinical characteristics of the cohort are
presented in Table 1. The NTZ and RTX/OCR groups did
not differ in clinical and demographic characteristics before
pregnancy (Table 1). The mean (SD) time from suspension
of anti-CD20 therapy to conception was 201 days (104). The
mean (SD) time from conception to last NTZ infusion was 86
(26) days. The mean (SD) time from birth to restarting
therapy was 23 (18) days for the NTZ group and 123 (130)
days for the RTX/OCR group. The mean (SD) time of free
intervals was 180 (29) days for the NTZ group and 471 (106)
days for the RTX/OCR group. In the NTZ group, one patient

Table 1 Clinical and Demographic Characteristics of Women With Multiple Sclerosis Under the Natalizumab (NTZ) or
Anti-CD20 Treatment Strategy for Planning Pregnancy

NTZ group
(42 pregnancies resulting
in live births in 42 women)

Anti-CD20 group
(33 pregnancies resulting
in live births in 32 women)

p Value (Mann-Whitney
U test or Fisher
exact test)

Age at conception, y, median (range) 31 (20–43) 32 (25–38) 0.70

Disease duration at conception, y, median (range) 7 (2–19) 9 (1–17) 0.43

Annualized relapse rate in the year before highly
active therapy, mean (SD)

1.5 (1) 1.5 (1.2) 0.80

EDSS score at conception, median (range) 1 (0–7) 1 (0–4) 0.30

Time between last RTX/OCR infusion and
conception, d, mean (SD)

201 (104) NA NA

Time between conception and last NTZ infusion
during pregnancy, d, mean (SD)

NA 85 (27) NA

In vitro fertilization 1/42 1/33 0.8

Pregnancy duration, mo, mean (SD) 8.6 (0.5) 8.7 (0.4) 0.33

Abbreviations: EDSS = Expanded Disability Status Scale; NA = not applicable; RTX/OCR = rituximab/ocrelizumab.
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switched to RTX and another to OCR after delivery. The
mean (SD) time from birth to first MRI was 83 (61) days.

Effect of Therapeutic Strategies on Disease
Activity During the Period Including Pregnancy
and the Year After Delivery
During the entire period including pregnancy and the year after
delivery, the relapse rate was significantly higher in theNTZ than
RTX/OCR group (p = 0.01, log-rank, Kaplan-Meier survival
curves) (Figure). During pregnancy, relapse occurred in 3/42
(7.1%) patients of the NTZ group and 1/33 (3%) of the RTX/
OCR group (p = 0.6). During the year after delivery, relapse
occurred in 9/42 (21.4%) patients of the NTZ group and 0/33
of the RTX/OCR group (p < 0.01). In the NTZ group, the
median (range) time of occurrence of the relapse after delivery
was 4 weeks (2–8), and 5/9 (55.5%) relapses occurred after
restarting treatment. In the NTZ group, 8/9 relapses occurred in
patients who restarted NTZ less than 4 weeks after delivery. The

proportion of patients with gadolinium-enhanced and/or new
T2 lesions on brain or spinal cord MRI performed during the
year after delivery was higher in the NTZ than the RTX/OCR
group (14/40 [35%] vs 1/31 [3%] patients, p = 0.001), the
proportion with EDSS score progression during the period in-
cluding pregnancy and the year after delivery was higher (7/42
[17%] vs 0/33 patients, p = 0.01), and the proportion fulfilling
NEDA-3 during the period including pregnancy and the year
after delivery was lower (21/40 [53%] vs 30/31 [97%] patients,
p < 0.001) (Table 2).

On multivariable regression analysis, the probability of maintain-
ingNEDA-3 during the entire period including pregnancy and the
year after delivery was associated with the therapeutic strategy
(RTX/OCR vs NTZ) (OR = 27, 95% CI: 3–219, p = 0.002).
This association remained significant (OR = 20, 95% CI: 2–175,
p = 0.006) after excluding from the NTZ group women who
restarted treatment more than 4 weeks after delivery (n = 8).

Figure Survival AnalysisWith Time to First Relapse in the NTZ and RTX/OCR Groups During the Period Including Pregnancy
and the Year After Delivery

NTZ = natalizumab; RTX/OCR = rituximab/ocrelizumab.

Table 2 Disease Activity During Pregnancy and the Postpartum Year

NTZ group
(42 pregnancies resulting in
live births in 42 women)

Anti-CD20 group
(33 pregnancies resulting in
live births in 32 women)

p Value (Mann-Whitney
U test or Fisher exact test)

Patients with relapse during pregnancy, n (%) 3/42 (7.1) 1/33 (3) 0.62

Patientswith relapse during the year after delivery,
n (%)

9/42 (21.4) 0/33 0.003

Patients with EDSS score progression during the
period including pregnancy and the year after
delivery, n (%)

7/42 (16.7) 0/33 0.01

Patients with active MRI (gadolinium-enhanced or
new T2 lesions) during the year after delivery, n (%)

14/40 (35) 1/31 (3.2) 0.001

Patients sustaining NEDA-3 during the period
including pregnancy and the year after delivery,
n (%)

21/40 (52.5) 30/31 (96.8) <0.001

Abbreviations: EDSS = Expanded Disability Status Scale; NEDS-3 = no evidence of disease activity 3.
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In the NTZ group, multivariable logistic regression analysis
revealed no predictor of loss of NEDA-3 in the period in-
cluding pregnancy and the year after delivery. Covariates in-
cluded age at conception, EDSS score at conception, annual
relapse before highly active therapy, and time without treat-
ment after the last NTZ treatment during pregnancy. In the
NTZ group, multivariable logistic regression analysis revealed
no predictor of occurrence of relapse in the year after delivery.
Covariates included age at conception, EDSS score at con-
ception, annual relapse before highly active therapy, breast-
feeding, and time to restarting treatment after delivery.

Mother, Fetal, and Newborn Safety
Among women who suspended NTZ, there were 3 miscar-
riages, and 1 newborn had a cardiac abnormality. Among
women who suspended RTX/OCR, there were 3 miscar-
riages, and 1 pregnancy was terminated for cardiac malfor-
mation. The mean (SD) pregnancy duration did not differ
between the 2 groups (8.6 [0.5] months for the NTZ group
and 8.7 [0.7] months for the RTX/OCR group, p = 0.33). A
case of febrile bacteremia of Klebsiella oxytoca occurred in a
woman who suspended RTX; she had been hospitalized for
threatened preterm labor with shortening of the cervix, which
resulted in premature birth (31 weeks of amenorrhea). Bac-
teriologic analysis of the placenta ruled out chorioamnionitis.
The outcome was favorable for the newborn and the mother,
with a probabilistic treatment of urinary tract infection. All
other newborns of women who suspended RTX/OCR before
conception had morphologic measures (weights and length)
between 3 and 97 percentiles of the national normative val-
ues.17 Lymphocyte counts measured on fetal cord blood were
available for 5 newborns of women who suspended RTX/
OCR before conception and did not show any abnormalities
as compared with normal values18 (Table 3).

Discussion
This study revealed that in women with highly active MS, the
therapeutic strategy consisting of suspending RTX/OCR in

the year before conception was associated with lower risk of
disease reactivity and disability progression in pregnancy and
postpartum than a strategy of maintaining NTZ up to the end
of the first trimester. Crucially, we found no increased in-
cidence of miscarriage or birth defect in women who sus-
pended OCR/RTX before conception, in accordance with
previous studies (see references 19 and 20 for review).

A recent study performed in a large sample warned about the
potential severe disease reactivation in patients stopping NTZ
for pregnancy.4 Importantly, this study found that continuing
NTZ during the first trimester and restarting NTZ within the
first 4 weeks after delivery did not fully prevent the risk of
severe disease reactivation. Accordingly, we found that a short
delay in restarting treatment after birth in the NTZ group did
not decrease the risk of disease evolution during the year after
birth. In that way, patients with highly active MS treated with
NTZ who are planning pregnancy are recommended to
maintain NTZ until the end of the second trimester and to
restart NTZ as soon as possible after delivery.7-9 However, this
strategy does not prevent return of disease activity in all pa-
tients because 20% of women treated during the second tri-
mester had at least 1 new T2 lesion and 13% at least 1
enhancing lesion after delivery.8 By contrast, only 1/31 (3%)
patients of our RTX/OCR group had at least 1 new T2 lesion
after delivery.

Recent studies argued about the potential value of the
strategy of suspending RTX before conception to prevent
disease reactivation in pregnancy and postpartum.6,12-14,16,21

This study supports the relevancy of this strategy in women
with MS who are planning pregnancy, comparing for the first
time this strategy to maintaining NTZ up to the end of the
first trimester in 2 groups of patients with the same de-
mographic and clinical characteristics. The probability of
maintaining NEDA-3 between conception and 1 year after
birth was 20-fold higher in patients suspending anti-CD20 in
the year before conception than those continuing NTZ up to
the end of the first trimester and restarting NTZ within the 4
weeks after birth.

Table 3 Lymphocyte Counts of the Fetal CordBlood atDelivery in 5WomenWhoSuspendedRTX/OCRBefore Conception

Time of birth
(gestational week
of pregnancy)

Time between last
RTX/OCR infusion and
conception (d)

CD19+ B cells
(cells/mm3)

Reference values for CD19+

B-cell number according to
the time of birtha

CD3+ T cells
(cells/mm3)

Reference values for CD3+ T-cell
number according to the time
of birthb

39 366 594 132–1,530/mm3 4,853 1,512–4,872/mm3

39 90 826 132–1,530/mm3 3,399 1,512–4,872/mm3

40 285 420 120–1,512/mm3 1900 1,512–6,092/mm3

41 282 848 120–1,512/mm3 2,896 1,512–6,092/mm3

41 261 136 120–1,512/mm3 2,430 1,512–6,092/mm3

Abbreviation: RTX/OCR = rituximab/ocrelizumab.
a Normal range in 37–39 wk of amenorrhea: 132–1,530/mm3, in 40–41 weeks of amenorrhea: 120–1,512/mm3.
b Normal range in 37–39 wk of amenorrhea: 1,512–4,872/mm3, in 40–41 weeks of amenorrhea: 1,512–6,092/mm3.18
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Numerous studies demonstrated that the efficacy of RTX/OCR
outlasts 6 months in MS, suggesting that renewing the immune
system contributes to the efficacy of these therapies.12,22-27 This
long-lasting efficacy enables planning for pregnancy in patients
with highly active MS without the need to infuse treatment after
conception. This strategy prevents the risk of B-cell depletion in
the newborn because of transfer of RTX/OCR across the pla-
centa. Indeed, we did not find abnormal B-cell counts in the fetal
cord blood analysis available for 5 newborns. Of note, the long-
lasting efficacy of RTX/OCR allows for not restarting treatment
immediately after birth. In this study, the mean time to restarting
treatment after birth in the anti-CD20 group was 123 days, and
no patient exhibited disease reactivity during the year after birth
in this group. However, the number of patients included in this
study is too small to conclude on whether we can safely wait a
long time postpartum to resume anti-CD20 therapy.

This study has several limitations. First, the allocation of the
specific strategy (NTZ vs RTX/OCR) was not randomized
and was mainly driven by the evolution of clinical practice in
our MS center. Of note, the demographics and the level of
disease activity in the 2 groups were similar before pregnancy,
which enabled comparison of the efficacy of the 2 therapeutic
strategies after conception. Second, the relatively small number
of patients prevents any definitive conclusion about the safety
profile of these 2 strategies including the risk of miscarriage or
malformations. Of note, the existence of infection in a woman
who previously received RTX should be interpreted consid-
ering the previous studies that clearly found increased risk of
infection in patients with MS receiving anti-CD20 therapies.28

Moreover, because of the lack of follow-up of infants after birth,
we cannot rule out the potential increased risk of infection or
reduced vaccine efficacy. Third, the lack of inclusion of patients
who maintained NTZ until the end of the second trimester
prevents a definitive conclusion about the potential difference
of these 2 strategies for control of disease activity. Finally, the
very large CI of the OR of the probability of not maintaining
NEDA-3 with the NTZ strategy prevents a definitive conclu-
sion about the extent of this risk.

This study reveals that the strategy of suspending RTX/OCR
in the year before conception in women with highly active MS
who are planning pregnancy is associated with very low disease
reactivity during pregnancy and the year after birth. At the time
of therapy choice, this option should be considered in women
with highly active MS who are planning pregnancy whatever
their anti-JCV antibody serostatus. In women already receiving
NTZ who are planning pregnancy, the possibility to switch to
RTX/OCR for planning pregnancy instead of maintaining
NTZ until the end of the second trimester should be discussed.

Study Funding
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org/NN for full disclosures.
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