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Abstract
Background and Objectives
Women with multiple sclerosis (MS) are at risk of disease reactivation in the early postpartum
period. Ocrelizumab (OCR) is an anti-CD20 therapy highly effective at reducing MS disease
activity. Data remain limited regarding use of disease-modifying therapies (DMTs), including
OCR, and disease activity during peripregnancy periods.

Methods
We performed a retrospective cohort study using data from the MSBase Registry including
pregnancies conceived after December 31, 2010, from women aged 18 years and older, with
relapsing-remitting MS or clinically isolated syndrome. Women were classified by pre-
conception exposure to DMTs, including OCR, rituximab (RTX), natalizumab (NAT),
stratified into active (NAT-A; continued ≥28 weeks of gestation, restarted ≤1 month post-
partum) or conservative (NAT-C; continued ≤4 weeks of gestation, restarted >1 month
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postpartum) strategies, dimethyl fumarate (DMF) or low-efficacy DMTs (interferon-beta, glatiramer acetate). Annualized
relapse rates (ARRs) were calculated for 12-month prepregnancy, pregnancy, and 6-month postpartum periods.

Results
A total of 2,009 live births from 1,744 women were analyzed, including 73 live births from 69 women treated with preconception
OCR. For OCR, no within-pregnancy relapse was observed and 3 women (4.1%) experienced 1 relapse in the postpartum period
(ARR 0.09 [95% CI 0.02–0.27]). For NAT-A, 3 (3.7%) of 82 women relapsed during pregnancy (0.05 [0.01–0.15]) and 4 (4.9%)
relapsed during postpartum (0.10 [0.03–0.26]). However, for NAT-C, 13 (15.9%) of 82 women relapsed within pregnancy (0.32
[0.20–0.51]) and 25 (30.5%) relapsed during postpartum (0.74 [0.50–1.06]). In the low-efficacy DMT group, 101 (7.6%) of 1,329
women experienced within-pregnancy relapse (0.12 [0.10–0.14]), followed by an increase in postpartum relapse activity with 234
women (17.6%) relapsing (0.43 [0.38–0.48]). This was similarly seen in the DMF group with 13 (7.9%) of 164 women experiencing
within-pregnancy relapse (0.12 [0.06–0.20]) and 25 (15.2%) of 164 relapsing postpartum (0.39 [0.26–0.57]). Our RTX cohort had
0 of 24 women experiencing within-pregnancy relapse and 3 (12.5%) of 24 experiencing postpartum relapse.

Discussion
Women treated with OCR or NAT-A were observed to have low relapse rates during pregnancy and postpartum. NAT-C was
associated with increased risk of relapses. There was no within-pregnancy relapse in our RTX cohort, although we caution
overinterpretation due to our sample size. An effective DMT strategy with a favorable safety profile for the mother and infant
should be discussed and implemented well in advance of planning a family.

Classification of Evidence
This study provides Class III evidence that for women with relapsing-remitting MS or clinically isolated syndrome who become
pregnant, ocrelizumab, rituximab, and natalizumab (continued ≥28 weeks of gestation and restarted ≤1 month postpartum)
were associated with reduced risk of relapses, compared with other therapeutic strategies.

Introduction
Multiple sclerosis (MS) is a chronic demyelinating disease of
the CNS and a common cause of neurologic disability in
young adults, particularly prevalent in women, with onset
typically occurring during childbearing years. Historical
studies of peripregnancy relapse in women with MS on either
no or low-efficacy disease-modifying therapy (DMT) showed
reductions during pregnancy, followed by a spike in the early
postpartum period.1,2 Recent studies that have included
women treated with higher efficacy DMTs such as natalizu-
mab (NAT) and fingolimod have revealed increased proba-
bilities of relapse during pregnancy and postpartum periods,
particularly after preconception DMT cessation and before
reinitiation of therapy after delivery.3,4 In addition, women
who have more active disease with higher relapse rates and
disability before conception are also at elevated risk of post-
partum disease reactivation.3,5

Ocrelizumab (OCR) is a humanized monoclonal antibody
that targets the CD20 cell surface antigen and modulates the
immunopathogenesis of MS by depleting B cells. Pivotal
clinical trials showed that administration of OCR at a 24-weekly

dosing interval leads to significant reductions in disease activity
and slowing of disease progression compared with interferon-
beta in patients with relapsing MS and placebo in patients with
primary progressive MS.6,7 OCR efficacy was sustained in the
open-label extension phases of the pivotal trials with safety
profile consistent with clinical trial findings and no new safety
signal identified with prolonged treatment.8,9

While available data on pregnancy outcomes after maternal
exposure to OCR are reassuring to date,10 data on postpartum
disease activity control have only recently emerged. Several
studies have described OCR and rituximab (RTX), another
anti-CD20 monoclonal antibody that is used off-label in the
treatment ofMS, use before conception as associated with low
rates of disease activity throughout pregnancy and during the
postpartum period.11-16 The effect of OCR on disease reac-
tivation during the pregnancy and postpartum periods relative
to other DMTs remains unclear.

In the setting of multiple DMTs available at present, data to
inform counseling and management of optimal maternal and
infant outcomes in the context of family planning are

Glossary
ARRs = annualized relapse rates; CIS = clinically isolated syndrome; DMF = dimethyl fumarate; DMTs = disease-modifying
therapies; EDSS = Expanded Disability Status Scale; IQR = interquartile range;MS = multiple sclerosis; NAT = natalizumab;
OCR = ocrelizumab; RRMS = relapsing-remitting MS; RTX = rituximab.
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important. Pivotal trials typically exclude pregnant women,
and therefore, insights from observational studies are re-
quired. In this study, we sought to investigate disease activity
during pregnancy and postpartum, in women who used OCR
or other DMTs with accepted strategies for their use before
conception and in the context of family planning.17

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The MSBase Registry has ethical approval granted by the
Alfred Health Human Research and Ethics Committee and
approval or exemption by local ethics committees at partici-
pating centers according to applicable local laws and regula-
tions. Participants provided written or verbal consents based
on local regulations.

Study Population
We performed a multicenter retrospective cohort study us-
ing patient, treatment, and pregnancy data, which were
prospectively ascertained, from the MSBase International
Registry.18 Participating sites, many of which are tertiary MS
referral centers, agree to collect a minimum data set of pa-
tient sex, birthdate, MS onset date, clinic visit dates, Ex-
panded Disability Status Scale (EDSS; a nonlinear ordinal
disability scale, range 0–10) assessments, relapse, and
treatment information. Data on pregnancy are collected
through a harmonized set of variables including date of de-
livery or termination, although this was not part of the
MSBase minimum data set. Start of pregnancy is defined as
the recorded last menstrual period or calculated from the
estimated delivery date based on ultrasound assessment
during pregnancy.19 Any patient with MS who attends a
participating center and provides informed consent can be
enrolled in the registry. Data are most often collected and
entered during clinical visits and into MSBase-specific data
entry systems.

Data from the MSBase Registry were extracted on July 1,
2023. We included women who were at least 18 years old and
had a relapsing-remitting MS (RRMS) or clinically isolated
syndrome (CIS) phenotype at the start of pregnancy. The
following DMTs, which have strategies considered compati-
ble with pregnancy planning, were included: OCR or RTX as
last DMT before conception and NAT, dimethyl fumarate
(DMF), and low-efficacy DMT (interferon-beta and glatir-
amer acetate) as last DMT used before conception and dosing
within 1 year before the start of pregnancy. We elected to
analyze OCR and RTX groups separately, despite both DMTs
targeting CD20-expressing cells, because of differences and
heterogeneity in dosing (particularly for RTX because of its
off-label use) and nuanced differences in biological effect.20

Pregnancies that were ongoing or with an unclear outcome
were excluded. Women were followed up to 6 months after
pregnancy end. Pregnancies conceived after December 31,

2010, were included, to represent a modern DMT-treated
cohort. Pregnancy outcomes were grouped as either term
(≥37 weeks) and preterm (<37 weeks) live births or those
with early termination (elective abortions, miscarriages
(<gestational week 20), stillbirths (≥gestational week 20), and
ectopic pregnancies). Of the cohort included in this study,
933 (38.8%) of 2,405 pregnancies contributed to the data set
of our previous study.3

For OCR, the number of 600-mg doses used before preg-
nancy was estimated based on a 6-monthly dosing interval.
For NAT, different treatment strategies, including duration of
use into pregnancy and timing of reinitiation after delivery,
have been shown to be differentially associated with preg-
nancy and postpartum rebound relapse activity.3,21 Therefore,
we defined an active strategy of NAT use (NAT-A) as con-
tinuation into at least 28 weeks of gestation, followed by
reinitiation within 1 month after delivery, and a conservative
approach (NAT-C) as NAT cessation at or before 4 weeks of
gestation, followed by reinitiation more than 1 month after
delivery.

Study Outcome
Relapse was defined as onset of focal or multifocal neuro-
logic symptoms or signs that last at least 24 hours in absence
of fever or infection. Annualized relapse rates (ARRs) were
calculated as the number of relapses divided by the total
included time. For each preconception DMT group, ARR
was calculated per 3-month period for the 1 year before
pregnancy and 6-month postpartum periods, respectively,
and for each trimester for the pregnancy period. For the
1-year prepregnancy period, time after the preconception
DMT was started until pregnancy start was included for
calculation of ARR; i.e., only relapses after DMT initiation ±
cessation were considered for the analysis. For the 6-month
postpartum period, time before DMT recommencement
and time after recommencement of the preconception DMT
were included.

Statistical Analysis
Summary statistics were used to describe cohort characteris-
tics. The Kruskal-Wallis test and χ2 test were used to compare
baseline characteristics across groups. A 2-sided p value of
<0.05 was considered significant. Analyses were performed in
the R statistical environment version 4.3.1 with the tidyverse
package.22,23

Data Availability
Patient-level data sharing is possible in principle but will re-
quire permissions/consent from each contributing data
controller.

Results
Cohort Characteristics
We screened 21,445 pregnancies from 11,530 women and
included 2,405 pregnancies from 1,921 women with RRMS or
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CIS in the analyses. The median number of clinic visits
recorded during pregnancy was 1 (interquartile range [IQR]
0–2) and during the 1-year postpartum period was 2 (IQR
1–3). Of these, 2,009 (83.5%) term/preterm live births from
1,744 women with preconception DMT exposure using OCR
(n = 73), RTX (n = 24), NAT (n = 419), DMF (164), and
low-efficacy DMT (n = 1,329) (Figure 1, Table 1) were in-
cluded. Women receiving OCR were slightly older, had a
higher level of disability at time of conception, and had been
on their preconception DMT for a shorter duration compared
with women who used other DMTs before conception
(Table 1). Mean prepregnancy ARR was highest for the low-
efficacy DMT group. The median number of OCR doses
received before pregnancy was estimated to be 3 (IQR 2–4).
In 21 pregnancies (28.8%), OCR was administered after the
start of pregnancy (eFigure 1). For the 16 pregnancies with
available within-pregnancy dose date, OCR administration
occurred at median 32.5 days after pregnancy start (IQR
22.3–38.8). The proportion of DMT administration after the
start of pregnancy (based on the last drug administration) was
higher for other DMT groups; e.g., >74% of women using
NAT before pregnancy had DMT exposure during pregnancy
(eFigure 1). Of the NAT group, the proportion of pregnan-
cies with NAT administration after the start of pregnancy
increased over time (eFigure 2). Most of the women (n =
1,160, 57.7%) restarted the same category of DMT after de-
livery (Table 1; eFigure 3).

There were 396 pregnancies (16.5% of the 2,405 pregnancies
included) that ended in early termination (elective abortion,

miscarriage, stillbirth, or ectopic pregnancy) at a median of
8-week gestation (IQR 5.6–10.1 weeks) (eTable 1 describes
characteristics of women with abortions, miscarriages, still-
births, or ectopic pregnancies). Most of the early terminated
pregnancies resulted in miscarriage (n = 243, 61.4%) or
abortion (n = 144, 36.4%), rarely in ectopic pregnancy or
stillbirths (n = 4, 1.0%, and n = 5, 1.3%, respectively). Pre-
conception DMT exposure among early terminated preg-
nancies included 25 women (6.3%) treated with OCR (with
an estimated median of 2 doses [IQR 2–3] administered
before pregnancy), 1 (0.3%) with RTX, 87 (22.0%) with
NAT, 30 (7.6%) with DMF, and 253 (63.9%) with low-
efficacy DMT.

Preconception OCR and Other DMT Use and
Relapse Rates Within Pregnancy and
Postpartum Periods
For women with term/preterm live births, we plotted ARR
summarized for each 3-month interval or pregnancy trimester
by preconception DMT group (Figure 2, eFigure 4). In the
OCR group, no relapse was observed during pregnancy. 3
women (4.1%) had 1 relapse in the 6-month postpartum
period (ARR 0.09 [95% CI 0.02–0.27]). Relapse occurrence
in relation toOCR infusion was scattered: one relapsed before
OCR reinitiation, one on the day of OCR reinitiation, and
another after OCR reinitiation. Clinical characteristics of
these women are illustrated in Figure 3. For the low-efficacy
DMT group, within-pregnancy relapse occurred in 101
pregnancies (7.6%) (ARR 0.12 [95% CI 0.10–0.14]) and was
followed by an increase in the relapse rate after delivery with
relapse occurrence in 234 women (17.6%) (ARR 0.43 [95%
CI 0.38–0.48]). A similar postpartum increase in disease ac-
tivity was seen in women who used DMF before pregnancy,
with within-pregnancy relapse occurring in 13 women (7.9%)
(ARR 0.12 [95%CI 0.06–0.20]) and postpartum relapse in 25
women (15.2%) (ARR 0.39 [95% CI 0.26–0.57]). For the
overall NAT cohort, probabilities of relapse increased through
pregnancy with relapse in 60 women (14.3%) (ARR 0.25
[95% CI 0.20–0.31]) and spiked in the postpartum period
with relapse in 78 women (18.6%) (ARR 0.45 [95% CI
0.36–0.55]) (eFigure 4). In the NAT-A group, 3 women
(3.7%) were observed to experience relapse during pregnancy
(ARR 0.05 [95% CI 0.01–0.15]) and 4 women (4.9%) in the
postpartum period (ARR 0.10 [95% CI 0.03–0.26])
(Figure 2). In the NAT-C group, 13 women (15.9%) relapsed
in pregnancy (ARR 0.32 [95% CI 0.20–0.51]) and 25 women
(30.5%) during the postpartum period (ARR 0.74 [95% CI
0.50–1.06]) (Figure 2). Owing to limited sample size limiting
the ability to draw firm conclusions, we did not include our
RTX cohort in our main analyses but have described relapse
rates in our supplementary information (eFigure 5). In the
RTX group, 3 (12.5%) of 24 women experienced postpartum
relapse. The percentage of women with relapse by DMT
group is summarized in eTable 2.

Of pregnancies with early termination, there was no within-
pregnancy relapse among the women in the OCR group

Figure 1 Flowchart of Pregnancy and Patient Inclusion/
Exclusion
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Table Cohort Characteristics of Pregnancies Resulting in Live Births

Preconception DMT

OCR
(n = 73)

RTX
(n = 24)

NAT
(n = 419)

NAT-A
(n = 82)a

NAT-C
(n = 82)a

DMF
(n = 164)

Low
(n = 1,329) pb

Pregnancy duration, median (IQR), weeks 39.0
(38.0–40.0)

38.1
(36.7–38.8)

38.7
(36.7–40.0)

38.9
(37.6–39.8)

38.0
(35.5–39.1)

39.0
(37.6–40.0)

39.0
(37.3–40.0)

0.052

Age at start of pregnancy, median (IQR), y 33.8
(30.7–37.3)

33.3
(29.1–35.0)

31.5
(28.6–34.4)

32.5
(28.5–35.3)

31.9
(29.4–34.0)

31.4
(28.4–34.2)

31.5
(28.2–34.6)

0.005

Time from first symptoms to start of pregnancy,
median (IQR), y

7.10
(3.90–10.5)

6.16
(4.24–9.96)

7.41
(4.21–11.7)

7.59
(4.01–11.9)

8.59
(5.27–12.6)

5.70
(2.96–9.18)

5.83
(3.25–9.51)

<0.001

DMT used before, median (IQR), n 1 (0,2) 1 (0,2) 1 (1,2) 1 (0,2) 2 (1,2) 1 (0,2) 0 (0,1) <0.001

EDSS score at start of pregnancy, n (%)c <0.001

<2 25 (34.2) 12 (50) 198 (47.3) 39 (47.6) 41 (50.0) 95 (57.9) 674 (50.8)

≥2 28 (38.4) 7 (29.2) 122 (29.1) 21 (25.6) 24 (29.3) 28 (17.1) 213 (16.0)

Missing 20 (27.4) 5 (20.8) 99 (23.6) 22 (26.8) 17 (20.7) 41 (25.0) 441 (33.2)

EDSS score at start of pregnancy, median (IQR)c 2 (1,2.5) 1.5 (0.5–2) 1.5 (1,2) 1 (0,2) 1.5 (1,2) 1 (1,1.5) 1 (0,1.5) <0.001

Range 0,5 0,6 0,6 0,3 0,6 0,6 0,6.5

ARR in 1 y before pregnancy, mean (SD) 0.14 (0.53) 0.13 (0.45) 0.11 (0.48) 0.05 (0.25) 0.11 (0.38) 0.20 (1.06) 0.24 (0.72) <0.001

DMT prepregnancy duration, median (IQR), mo 9.95
(5.82–18.1)

16.7
(9.27–24.8)

18.1
(9.10–32.0)

24.8
(9.91–38.2)

16.0
(6.22–30.4)

14.1
(8.07–24.8)

23.5
(10.7–44.8)

<0.001

DMT washout, median (IQR), mo 1.87
(0–4.76)

3.43
(0.74–5.03)d

0 (0–0) — — 0 (0–1.32) 0 (0–0.821) <0.001

DMT duration into pregnancy,median (IQR), mo 0 (0–0.460) 0 (0–0)d 0.89
(0–6.42)

— — 0.21
(0–1.13)

0.49
(0–1.35)

<0.001

DMT initiated after delivery, n (%)e

Ocrelizumab 43 (58.9) 1 (4.2) 12 (2.9) 0 0 2 (1.2) 1 (0.1)

Natalizumab 2 (2.7) 0 304 (72.6) 82 (100) 82 (100) 6 (3.7) 18 (1.4)

Dimethyl fumarate 0 0 3 (0.7) 0 0 76 (46.3) 25 (1.9)

Lowf 1 (1.4) 1 (4.2) 9 (2.1) 0 0 9 (5.5) 719 (54.1)

Sphingosine-1-phosphate modulatorg 1 (1.4) 0 14 (3.3) 0 0 4 (2.4) 38 (2.9)

Rituximab 0 18 (75) 2 (0.5) 0 0 0 1 (0.1)

Ofatumumab 2 (2.7) 1 (4.2) 1 (0.2) 0 0 1 (0.6) 0

Alemtuzumab 0 0 9 (2.1) 0 0 0 1 (0.1)

Cladribine 0 0 3 (0.7) 0 0 0 1 (0.1)

None 24 (32.9) 3 (12.5) 62 (14.8) 0 0 66 (40.2) 525 (39.5)

Time to DMT initiation after delivery, median
(IQR), moh

1.41
(0.49–3.02)

1.63
(0.77–1.91)d

0.89
(0.10–2.30)

— — 2.25
(0.49–4.39)

2.43
(0.44–5.03)

<0.001

Abbreviations: ARR = annualized relapse rate; DMF = dimethyl fumarate; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; IQR =
interquartile range; NAT = natalizumab; OCR = ocrelizumab, RTX = rituximab.
a NAT-A (active natalizumab strategy of continuation to ≥28weeks of gestation and reinitiationwithin 1month after delivery) andNAT-C (conservative strategy
of cessation ≤4 weeks of gestation and reinitiation more than 1 month after delivery) were subset from the overall natalizumab (NAT) cohort.
b Comparisons were between OCR, RTX, NAT, DMF, and low-efficacy DMT groups.
c Calculated from women with available EDSS scores closest to start of pregnancy (within 1 year).
d Data available for 16 of 24 women in the RTX cohort.
e In the 6-mo postpartum period.
f Low-efficacy DMT initiated in the postpartum period include interferon-beta, glatiramer acetate, teriflunomide, azathioprine, and mycophenolate.
g Sphingosine-1-phosphate modulators include fingolimod and siponimod.
h Women who initiated either preconception DMT or other DMTs.
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(Figure 4). In the postpregnancy period, ARR was lowest in
the OCR group, with 2 women (8%) relapsing (ARR 0.16
[95% CI 0.02–0.59]). eTable 3 reports percentages of women
with relapse by DMT group. This was highest in the low-
efficacy group, in which 38 women (15%) relapsed (ARR 0.37
[95% CI 0.27–0.50]). There were 10 women (11.5%) who
experienced relapse in the NAT group (ARR 0.27 [95% CI
0.14–0.49]) and 3 women (10%) in the DMF group (ARR
0.27 [95%CI 0.07–0.70]) after pregnancy. The 1 woman who
used RTX before conception did not experience within-
pregnancy or postpregnancy relapse.

Discussion
In this retrospective observational cohort study of women
with relapse-onset MS, we observed no relapses during
pregnancy and low relapse rates in the postpartum period in

those who used OCR as the most recent DMT before con-
ception. For women on NAT-A, low relapse rates during
pregnancy and postpartum periods were recorded. Among
women following a NAT-C strategy, or treated with DMF and
other low-efficacy DMTs, relapse rates increased during
pregnancy and/or postpartum periods. None of the women
treated with RTX experienced within-pregnancy relapse, al-
though our cohort size was limited for this group.

Among women in the OCR group, none had within-
pregnancy relapse and only 3 experienced a postpartum re-
lapse. Our data support the strategic use of OCR before
conception as an effective option to maintain disease control
during pregnancy and in the early postdelivery period,
combined with a favorable safety profile for mothers and
infants described by recently presented data.10 3 studies have
investigated OCR and RTX use before pregnancy,12,15,16

with several additional studies focusing on RTX.11,13,14

Figure 2 Annualized Relapse Rates (ARRs) Before Pregnancy, During Pregnancy, and in the Postpartum Period for Term/
Preterm Pregnancies by Preconception Disease-Modifying Therapy Group

(A) ARR was plotted for each 3-month interval. (B) ARR was summarized for the 1-year prepregnancy, pregnancy, and 6-month postpartum periods,
respectively. Natalizumab (NAT) groups represent either an active (NAT-A) or conservative (NAT-C) strategy of use during and after pregnancy. Low-efficacy
group refers to interferon-beta or glatiramer acetate preconception use. Error bars represent 95% confidence intervals. Table represents number of women
with time included for each 3-month interval. DMF = dimethyl fumarate; NAT = natalizumab; OCR = ocrelizumab.
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Among these studies that included OCR, the number of
included pregnancies ranged between 33 and 88, with the
largest of these having 39 pregnancies (44%) with OCR used
before and also including other neuroimmunologic diseases.
These studies have described low rates of disease activity
within pregnancy and generally also in the postpartum pe-
riod (percentage with relapse ranged between 0 and 17%)
among women treated with anti-CD20 therapy before
pregnancy. Interpretations of our RTX cohort were limited
by the small sample size, although the number of postpartum
relapses after live births (3/24 [12.5%]) was consistent with
one study.12

OCR has a sustained effect on peripheral B-cell depletion
beyond its approved six-monthly dosing interval, as shown by
a recent analysis of the phase II OCR extension trial data
where MS disease control of at least 12–18 months was ob-
served after 3 to 4 dosing cycles and while off treatment.24,25

There are also data indicating a similarly prolonged efficacious

effect after RTX dosing.26 Considering our findings, planned
use of OCR before conception may be a suitable strategy that
can maintain maternal disease control during and after preg-
nancy while allowing for an administration-free pregnancy.
Our findings support the efficacy of OCR in the context of
pregnancy and align with expert guidelines that recommend
strategic use of OCR for family planning.17 Clinical studies are
currently being conducted to gain further insights into efficacy
and safety of using OCR during pregnancy.27

OCR labeling mandates a washout period of 6–12 months
after the last infusion before trying to conceive.28,29 However,
recent guidelines and expert opinions recommend conception
attempts from the next menstrual cycle after infusion17 or as
soon as after the most recent infusion,30 with use of effective
contraception earlier. This is based on minimal transplacental
immunoglobulin transfer during the first trimester of gesta-
tion, drug pharmacokinetics, and the available reassuring
pregnancy and infant outcome data from women who used

Figure 3 Characteristics of 3 Women Who Used Ocrelizumab (OCR) Before Conception and Experienced Postpartum
Relapse

OCR use during pregnancy was based on the last administered dose. ARR = annualized relapse rate; EDSS = Expanded Disability Status Scale.

Figure 4AnnualizedRelapse Rates (ARR) Before Pregnancy, During Pregnancy, and in the PostpartumPeriod for Abortions,
Miscarriages, and Stillbirths by Preconception Disease-Modifying Therapy Group

Low-efficacy group refers to interferon-beta or glatiramer acetate preconception use. Error bars represent 95% confidence intervals. DMF = dimethyl
fumarate; NAT = natalizumab; OCR = ocrelizumab.
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OCR before conception.10,12,31,32 The OCR cohort had a
median time of 1.87 months between the start of pregnancy
and prepregnancy infusion, with a quarter of included preg-
nancies having exposure to OCR mostly within the first tri-
mester. Consistent patterns have been recently reported from
the Roche Global Safety Database of women with MS ex-
posed to OCR before or during pregnancy.10 In this study,
60% of pregnancies were defined as exposed to OCR and
most of these had dosing 0–3 months before the last men-
strual period or in the first trimester of gestation. Data from
this database did not identify a risk of adverse pregnancy or
infant outcomes from in utero OCR exposure. Further studies
are ongoing to better understand the benefit/risk of OCR
exposure during pregnancy and lactation, including its effect
on infant B-cell levels, placental/breastmilk transfer, and
vaccine responses.27

Among our OCR and RTX cohorts, most of the women who
restarted DMT did so within 3 months postpartum.While the
RTX cohort was limited in its sample size, we observed low
rates of postpartum relapse in the OCR group. In this study,
we were not able to determine the optimal timing of anti-
CD20 therapy restart after delivery. Previous cohorts of OCR
or RTX use before pregnancy also reported median time to
treatment reinitiation after delivery between 32 and 123
days.12-16 The authors of several of these studies suggested
that early reinitiation may be associated with reduced relapse
risk, but their studies were not conclusive for this and so it
remains open to future study.12,15,16 Despite the risk of
postpartum disease reactivation and current expert consensus
for prompt resumption of DMT in the postpartum period to
be considered particularly in women at highest relapse risk,17

some tertiary centers suggest anti-CD20 therapy reinitiation
6–12 months postpartum because of concerns for cumulative
risks of recurrent or serious infections and hypo-
gammaglobulinemia.14 A recent observational study outside
the family planning context described RTX use, with main-
tenance dosing at 500 mg every 6–12 months in most of their
cohort, and reported the incidence rate for serious infection
among people with MS with a EDSS score ≤6 as 0.8 per 100
person-years.33 Follow-up of 4,558 patients with relapsingMS
receiving continuous treatment with 600-mg OCR every 6
months up to 10 years showed an incidence rate of 1.5 per 100
person-years for serious infection.34 However, direct compa-
rability between these studies and anti-CD20 therapy type
and strategy is limited because of potential differences be-
tween cohorts. Further study is warranted to determine the
optimal strategy of treatment in the postpartum period and
potential safety signals in this population and guide treatment
decisions that balance overall safety aspects and postpartum
disease control.

Regarding the NAT strategy, we observed that the approach
of NAT-A had lower ARR during and after pregnancy than the
NAT-C group. The postpartum ARR seen for NAT-C was
almost double that for the low-efficacy DMT group. Previous
studies from our group and others have shown that NAT

continuation into pregnancy reduced the risk of relapse within
pregnancy, and that its cessation was associated with elevated
risks of subsequent disease reactivation.3,4,21,35,36 The latter
may potentially augment the postpartum spike in disease
activity. Over time, we observed an increasing proportion of
pregnancies with exposure to NAT after conception, which
likely reflected increased recognition for postcessation disease
activation and emerging safety data of within-pregnancy NAT
use,35,37-39 although neonatal outcomes for this study cohort
were incomplete and not reported. It is recognized that he-
matologic alterations of anemia and thrombocytopenia may
occur in infants exposed to NAT in the third trimester of
gestation. In an initial case series of NAT administration up to
36 weeks of gestation, 10 of 13 newborns had hematological
abnormalities.40 These abnormalities spontaneously resolved
in most infants, and no specific treatment was required. An-
other case series of NAT administration during the third tri-
mester (last infusion between 31 to 39 weeks of gestation)
reported 4 of 15 newborns with hematological abnormalities,
with no serious complication and 1 newborn receiving treat-
ment with IV immunoglobulin and platelet transfusion.37 All
4 of these newborns were associated with NAT infusion
during pregnancy within 16 days of delivery. A recent study
that included 121 NAT-exposed pregnancies (final infusion at
median 31 weeks of gestation) with available neonatal blood
cell counts found anemia or thrombocytopenia in 36.8% of
neonates, most not requiring any specific treatment.41 NAT
administration beyond 30 weeks of gestation was associated
with hematological abnormality in the neonate, although also
associated with reduced maternal relapse and disability risks.
While there are limited data so far on the effects of NAT
continuation up to the early third trimester and pregnancy
outcomes,37,40,42 it emerges to be an accepted strategy in light
of the importance of controlling disease activity and pre-
venting clinically meaningful disability in the mother.17,21,40,43

Postpartum relapse rates were lowest in the OCR and NAT-A
groups. A recent study compared OCR or RTX use in the 1
year before conception with a cohort that used NAT up to the
first trimester of pregnancy before restarting after delivery.16

The OCR/RTX group had increased odds of no disease ac-
tivity during and after pregnancy, with this finding remaining
significant when compared against the group who reinitiated
NAT within 4 weeks of delivery. However, the early cessation
of NAT in pregnancy may have contributed to further ele-
vation of postpartum relapse risk in their cohort. Taking to-
gether the results of this and previous studies, the strategies of
OCR administration before conception and no necessary
dosing during pregnancy, or an active NAT strategy of con-
tinuation to 28–32 weeks of gestation with early reinitiation
after delivery, are effective at minimizing pregnancy and
postpartum disease activity risks. Although not investigated in
this study, limited data are so far reassuring regarding OCR
and NAT use and breastfeeding and infant safety,31,44 with
minimal drug transfer into breast milk and no safety signals
identified for infants. This further strengthens the early initi-
ation of these treatments because they can be considered
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compatible with breastfeeding and recommended, given high
risk of disease activity after delivery.17,30 Concentrations and
relative infant doses of these monoclonal antibodies in mature
breast milk have been found to be low and at levels considered
safe for breastfeeding.15,44,45 Breastfeeding is encouraged,
given its maternal and infant benefits.

In the cohort of women with early pregnancy terminations,
we observed overall lower relapse rates in the 6-month
postpregnancy period than in our cohort of women with live
births. Potential factors for this observation are shorter ges-
tational duration and lower rates of prolonged treatment
discontinuation. Previous studies have reported increases in
disease activity after abortion, miscarriage, and stillbirth and,
therefore, suggest that clinicians and patients need to remain
vigilant for disease reactivation in this early postpregnancy
period.3,46,47 The group of women treated with OCR before
pregnancy had the lowest relapse rate after pregnancy, which
is likely due to its high efficacy and durable response, although
the small sample size limits interpretation of this finding.

Our study has several limitations. Data were contributed from
specialtyMS clinics, and our findings may not be generalizable
to the broader MS population. We lacked sufficient MRI data
to investigate imaging outcomes or corresponding fluid bio-
markers such as serum neurofilament light chain. Infusion
treatments such as OCR, RTX, and NAT are most commonly
recorded in our data set as intervals rather than individual
infusion dates, and so, we were not able to investigate the
effect of total previous doses or dosing intervals on disease
activity outcomes. Owing to its off-label use, RTX in MS has
heterogeneous dose and dosing interval regimes, for which we
had limited data in our data set. We were able to describe
preconception OCR use in our cohort and contrast this with
other DMT strategies, but given the limited number of
postpartum relapses in the OCR cohort, it was not possible to
investigate factors associated with postpartum relapse risk. In
addition, we were unable to disentangle choice of postpartum
DMT and optimal timing of postpartum DMT reinitiation
strategies. Reinitiation of certain small-molecule DMTs such
as sphingosine-1-phosphate receptor modulators and DMF is
contraindicated for breastfeeding,17 and many clinicians still
advise a conservative approach with anti-CD20 therapy
reinitiation if breastfeeding. In our real-world cohort, we did
not have the granularity to determine why certain DMT were
reinitiated over others; therefore, any conclusions drawn may
have been subject to indication bias. To mitigate against this
issue in this study, we included post-pregnancy follow-up time
while the woman was on no treatment or if they restarted their
preconception DMT and censored if they initiated a different
DMT. Not all studied DMTs were available throughout the
entirety of our defined epoch, which may also be a con-
founding factor. Baseline characteristics such as age, relapse
rate, and disability likely influence the DMT strategy when
trying to conceive. These are several of the complexities in the
modeling for predictors of postpartum relapse, which we will
address in our planned future work. The OCR cohort sample

size was also not large enough for us to investigate postpartum
disability progression as an outcome, based on the low rate we
identified in our previous study.3 It, therefore, remains to be
determined to what extent the different treatment strategies,
in the context of pregnancy, may affect long-term disability
progression over several years after pregnancy. New MS
DMTs have become available with limited evidence for use in
pregnancy. Of particular interest here, we were unable to
assess the use of ofatumumab, another newly approved anti-
CD20 monoclonal antibody therapy, because of the recency
of its approval and insufficient data available for analysis. Fi-
nally, we had limited pregnancy and no neonatal outcome
data and, therefore, were unable to conclude on the effect of
various DMTs on safety parameters and outcomes relating to
the offspring, but these are now actively being collected in the
registry.19

In conclusion, our findings support the planned pre-
conception use of OCR without necessary continuation into
pregnancy or NAT continuation up to 28–32 weeks of ges-
tation with early reinitiation after delivery as effective strate-
gies to minimize disease activity during and after pregnancy.
The DMT strategy should be discussed and planned ideally
early on from MS diagnosis and before plans to conceive so
that disease activity can be adequately controlled in advance of
conception and an optimal strategy can be selected together
with women with MS, thereby considering individual patient
characteristics and preferences. Counseling and joint decision
making between the clinician and patient remain paramount.
Further data on other recently available DMTs, such as cla-
dribine and ofatumumab, and neonatal/infant outcomes will
be useful to inform individual choices of the DMT strategy for
family planning.
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