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Abstract
Objective
To evaluate risks of disease reactivity during pregnancy and postpartum following rituximab
(RTX) and natalizumab (NTZ) suspension in women with MS.

Methods
An observational cohort study of all women with MS disease onset before childbirth between
2006 and 2017. Women were identified through the Swedish MS Registry, a nationwide clinical
register, with substratification into 3 groups: women who suspended RTX and NTZ within 6
months before conception and women who were not treated with any disease-modifying treat-
ment (DMT) within 1 year of conception. The primary outcome was the annualized relapse rate
(ARR) during pregnancy and 1 year postpartum.

Results
We identified 2,386 women with MS onset before a live birth; of these, 76 women suspended
RTX and 53 suspended NTZ, and 457 were untreated within 1 year before conception. In all
women, regardless of the treatment type, the ARR declined from 0.05–0.04 prepregnancy to
0.03–0.02 during pregnancy, returning to prepregnancy rates at 3–6 months (0.05) postpartum.
In the suspended cohort, 76% (98/129) of women resumed a DMT after delivery. The relapse
rate 1 year postpartumwas significantly higher in the suspendedNTZwomen compared with the
suspended RTX women (adjusted rate ratio [aRR] 7.65, 95% CI 2.47–23.6) and was lower in the
suspended RTX women compared with the untreated women (aRR 0.21, 95% CI 0.08–0.61).

Conclusion
Disease reactivity during the postpartum period was lower among women with MS who sus-
pended RTX before pregnancy, relative to those who suspended NTZ and untreated women.
These findings suggest that RTX may exert long-acting effects on MS disease activity that
encompass pregnancy and postpartum periods.

Classification of evidence
This study provides Class IV evidence that in patients with MS who were on treatment before
pregnancy, RTX reduces clinical disease activity compared with NTZ in the postpartum period.
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MS predominantly affects women, and the clinical onset of
MS most often occurs during child-bearing age. Until just a
few decades ago, women with MS were often advised to
avoid pregnancy. In parallel with the introduction of more
effective disease-modifying treatments (DMTs), earlier
start of therapy due to revised diagnostic criteria using MRI
(MRI),1 and accumulated body of knowledge demon-
strating no adverse effects in newborns of mothers with MS,
pregnancy rates have been increasing in women with MS.2

Still, the use of DMTs in pregnancy remains controversial,
and the current guidelines are to discontinue DMTs before
and during pregnancy unless the risk of disease worsening
outweighs the risk to the fetus.3 However, in practice, this is
difficult to implement, given that comparative risk-benefit
information concerning pregnancy for newer DMTs is
lacking.

Earlier clinical observations4–8 suggest that the frequency of
MS relapses decreases during pregnancy, particularly during
the third trimester, relative to prepregnancy rates. In contrast,
the relapse rate significantly increases in the first 3 months
postpartum relative to prepregnancy rates, particularly in those
who did not resume DMTs.9 Nevertheless, this appears to
average out such that over the whole pre- to post-pregnancy
period, the risk of a relapse is similar to the nonpregnant state.10

The introduction of high-efficacy DMTs such as natalizumab
(NTZ) represents a major clinical challenge in women of child-
bearing age, given that heightened risk of disease reactivity during
and after pregnancy has been reported after withdrawal of
NTZ.11–13 Rituximab (RTX), a chimeric monoclonal B cell–
depleting anti-CD20 antibody, is frequently used off-label for the
treatment of MS in Sweden.14,15 Given the extended biological
effects of RTX, preliminary analyses have shown that adminis-
tration of RTX before conception may potentially diminish the
risk of disease reactivity, without major adverse effects during
pregnancy.16 Nevertheless, contemporary data are limited for
RTX, with only a handful of small studies having examined dis-
ease activity in women with MS who suspended RTX before
conception.16 Therefore, the objective of our study was to eval-
uate the risk of disease reactivation during pregnancy and post-
partum following RTX andNTZ suspension in women withMS.

Methods
Data sources
Using the person-unique national registration numbers
assigned to each Swedish resident, data from the Swedish MS
register (SMSreg) were linked to the Swedish Medical Birth
Register.17 The SMSreg was established in 2000 to capture

Glossary
ARR = annualized relapse rate; DMT = disease-modifying treatment; EDSS = Expanded Disability Status Scale; Gd+ =
gadolinium-enhancing; NTZ = natalizumab; RR = rate ratio; RTX = rituximab; SMSreg = Swedish MS register.
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clinical data on patients withMS. It covers approximately 80%
of all patients with MS in Sweden, and all clinical data are
recorded by physicians or nurses through an electronic in-
terface.18 Data include demographic information and MS-
specific clinical information such as DMT exposure (dosage
and start and stop date), Expanded Disability Status Scale
[EDSS] score), relapses, and MRI results. A large-scale na-
tional validation study was recently completed, which dem-
onstrated a very high accuracy for DMT use and moderate
underreporting of relapses (i.e., sensitivity just below 80% and
specificity above 99%) while MRI data were mainly under-
reported (71% added).19 The Medical Birth Register includes
information on nearly all births in Sweden since 1973.17 Using
standardized prenatal, obstetrical, and neonatal records, in-
formation is prospectively collected during pregnancy, de-
livery, and the neonatal period.

Standard protocol approvals, registrations,
and patient consents
The study was approved by the Research Ethics Committee at
Karolinska Institutet, Stockholm, Sweden (No. 2017/700-31/4).

Study population
All women with MS disease onset before a live birth from
January 1, 2006, toDecember 12, 2017, were identified through

the SMSreg and the Medical Birth Register. Inclusion criteria
were suspended RTX or NTZ within 6 months before con-
ception or not treated with any DMT within 1 year of con-
ception and continuous follow-up 1 year before conception and
1 year after the live birth. In the suspended cohort, only 1
pregnancy per woman was included, and for the untreated
group, we included only the first live birth. Women who were
treated with an MS DMT during pregnancy were excluded
from the study. The date of conception was obtained by adding
2 weeks to the estimated first day of the last menstrual cycle,
which was determined by subtracting the gestational age.

Study covariates and outcomes
Maternal age was calculated in completed years. Clinical
characteristics evaluated were disease duration (from onset of
MS to the child’s birthdate); MS clinical course (relapsing-
remitting, secondary progressive, and primary progressive);
EDSS score within 6 months of conception; and the presence
of gadolinium-enhancing (Gd+) lesions occurring within 12
months of conception. Relapses were recorded by the treating
neurologist and defined as new or recurrent neurologic
symptoms not associated with fever or infection that lasted for
at least 24 hours and were accompanied by new neurologic
signs. Annualized relapse rates (ARRs) for each trimester in
the year before pregnancy, during pregnancy, and in the year

Table 1 Baseline characteristics of the study cohort according to treatment type

Characteristic
Suspended rituximab
(n = 76)

Suspended natalizumab
(n = 53)

Untreated
(n = 457)

Maternal age at delivery, y, mean (SD) 32.7 (4.2) 31.5 (4.8) 31.1 (4.8)

MS duration from onset to child’s birth, y, mean (SD) 9.2 (6.1) 7.9 (4.6) 7.0 (5.0)

MS disease course, no. (%)

Relapsing-remitting 75 (98.7) 46 (86.8) 547 (93.3)

Secondary progressive 0 (0.0) 5 (9.4) 27 (4.6)

Primary progressive 1 (1.3) 2 (3.8) 5 (0.9)

Missing 0 (0.0) 0 (0.0) 7 (1.2)

Baseline EDSS score

N 40 30 199

Median (IQR) 1 (0–2.0) 2 (1–2.5) 1.5 (1–2.5)

Relapse 12 mo before conception, no (%) 15 (19.8) 9 (17.0) 76 (16.6)

Relapse during pregnancy, no (%) 1 (1.3) 6 (11.3) 52 (11.4)

Relapse 12 mo postpartum, no (%) 4 (5.3) 17 (32.1) 83 (18.2)

Baseline Gd+ lesions

Patients with positive scan, no. (%) 14 (18.4) 15 (28.3) 30 (6.6)

Patients with valid scans, no. (%)a 65 (85.6) 33 (62.2) 168 (36.8)

Patients with positive scan/patients with valid scan 0.22 0.45 0.18

Abbreviations: EDSS = Expanded Disability Status Scale; Gd+ gadolinium-enhancing MRI scan; IQR = interquartile range.
a An MRI scan at least 12 mo before conception.
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after delivery were examined. The ARR was calculated by
dividing the number of relapses for each woman by the total
number of women in each treatment group for each time
interval. MRI scans were performed according to standard
follow-up guidelines and MRI protocols,20 using 1.5-T or 3-T
MRI scanners (GE Healthcare, Siemens Healthcare, and
Philips Medical Systems). The primary outcome was the re-
lapse rate during pregnancy and in the year after delivery, and
the secondary outcome was postpartum Gd+ lesions on the
first MRI within 1 year after delivery.

Study analyses
The primary purpose of analyses was to describe the risk of
disease reactivation during pregnancy and postpartum following
RTX and NTZ suspension in women with MS. Categorical
variables were described as frequencies (%), and continuous
variables were described using mean (SD) or median (inter-
quartile range). Missing data were reported but not imputed.
The ARR before, during (in each trimester), and after pregnancy
was examined in all women regardless of the treatment type and
then by the DMT type (RTX and NTZ women compared with
untreated women). The association between the treatment type
and the relapse rate during pregnancy and 1 year postpartumwas
examined using negative binomial regressions for each time
period, adjusting for maternal age at delivery and relapse (any vs
none) in the year before pregnancy. Confounders were included
in the final models based on the literature11 or statistical signif-
icance (p value <0.10).There was no evidence of overdispersion
as assessed by the deviance statistic divided by its degrees of
freedom. We reported rate ratios (RRs) and 95% CIs for the
associations. Last, the relative odds of experiencing Gd+ lesions
during the 12-month postpartum period were assessed using
logistic regressionmodels, adjusting for maternal age and relapse
in the year before pregnancy. We also conducted post hoc
analysis for the suspended NTZ cohort to examine the associ-
ation between the timing of treatment initiation after delivery
and the rate of postpartum relapse. This analysis could not be
performed for RTX, as there were only 4 relapses postpartum in
this group. Data were analyzed with the use of SAS software,
version 9.4 (SAS Institute). Two-sided p values of less than 0.05
were considered to indicate statistical significance.

Data availability
Data related to the current article are available from Fredrik
Piehl, Karolinska Institutet. To be able to share data from the
Swedish MS Registry, a data transfer agreement needs to be
completed between Karolinska Institutet and the institution
requesting data access. This is in accordance with the data
protection legislation in Europe (General Data Protection
Regulation). Persons interested in obtaining access to the data
should contact Thomas Frisell (Thomas.Frisell@ki.se).

Results
Between January 1, 2006, and December 12, 2017, we identi-
fied 2,386 women with MS disease onset before a live birth.

Among those, there were 76 women who suspended RTX and
53 who suspended NTZ within 6 months before conception
and were compared with 457 nulliparous women untreated
within 1 year before conception. Table 1 shows the main de-
mographic and clinical characteristics of the study cohort.
Compared with the untreated women, women who suspended
RTX and NTZ had longer disease duration, whereas the sus-
pendedNTZwomen had a slightly higher baseline EDSS score,
on average. Suspended NTZ women had a higher relapse ac-
tivity in the year preceding pregnancy and during and after
pregnancy compared with the suspended RTX women and the
untreated women. The proportion of womenwithGd+ onMRI
within 12 months before conception was higher for the sus-
pended NTZ women (28.3%) compared with both the sus-
pended RTX (18.4%) and the untreated women (6.6%).

In the suspended cohort, 76% of women resumed a DMT
within 1 year after delivery (57 RTX, 41 NTZ). For women
initiating a DMT within 1 year, the mean (SD) time from live
birth to first RTX treatment was 60 (72) days, and for NTZ, it
was 55 (60) days (table 2). Approximately 78% of women
initiated NTZ and RTX, within the first 3 months after birth.
In the untreated group, 33% (151/457) initiated treatment

Table 2 Summary of treatments before pregnancy and
postpartum in women who suspended RTX or
NTZ during pregnancy

Time period, n (%) RTX NTZ

Median (IQR) time on
treatment before
pregnancy, d

309 (130–751) 188 (119 – 1,149)

Prepregnancy, n 76 53

Mean (SD) time from
suspension to
conception, d

104 (43) 82 (59)

Median (IQR) time
from suspension to
conception, d

103 (69–146) 67 (28–132)

3–6 mo prepregnancy, n (%) 44 (57.9) 21 (39.6)

3 mo prepregnancy, n (%) 32 (42.1) 32 (60.4)

Postpartum, n 57 41

Mean (SD) time to
initiation, d

60 (72) 55 (60)

Median (IQR) time to
initiation, d

32 (17–80) 30 (7–81)

3 mo postpartum, n (%) 45 (78.9) 32 (78.0)

3–6 mo postpartum, n (%) 6 (10.5) 7 (17.0)

6–9 mo postpartum, n (%) 5 (8.8) 2 (5.0)

9–12 mo postpartum, n (%) 1 (1.8) 0

Abbreviations: IQR = interquartile range; NTZ = natalizumab; RTX =
rituximab.
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after pregnancy, and the mean (SD) time from birth to
treatment initiation was 170 (106) days.

The frequency of relapse 1 year postpartum was 5.3% in the
suspendedRTX, 32.1% in the suspendedNTZ, and 18.2% in the
untreated women. During the 1-year follow-up period post-
partum, 82.3% (482/586) of women experienced no relapse. Of
those with a relapse over the 1-year follow-up, most had 1 (80/
104 [77%]), and the remaining had 2 (20/104 [19%]) or ≥3 (4/
145 [4%]) relapses. The ARR in the year before conception,
during pregnancy, and after delivery in RTX, NTZ, and un-
treated women is illustrated in the figure. The ARR for all
women, regardless of treatment, declined from 0.05–0.04 pre-
pregnancy to 0.03–0.02 during pregnancy, returning to

prepregnancy rates at 3–6 months (0.05) postpartum
(figure). Although in the suspended NTZ women, the
expected temporal profile of disease activity (decrease of
relapse during pregnancy and increase of relapse rate after
delivery) was observed, in the suspended RTX women, the
relapse rate postpartum was lower than the prepregnancy
rate (figure, A). Compared with the suspended NTZ
women, the ARR in the prepregnancy period was lower in
the suspended RTX women, remained lower during preg-
nancy, and ended at zero during the last 3 postpartum
quarters (with a peak in the first trimester [figure, B]).

The relapse rate 1 year postpartum was significantly higher
in the suspended NTZ women compared with the

Figure Annualized relapse rate in the year before, during, and after pregnancy in rituximab, natalizumab, and untreated
women (A) overall and (B) in each trimester
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suspended RTX women, when adjusting for baseline cova-
riates (adjusted RR 7.65, 95% CI 2.47–23.6; table 3) and was
also higher in the suspended NTZ women compared with
the untreated women (adjusted RR 1.66, 95%CI 1.04–2.65).
Among the suspended NTZ women, the ARR was 67%
lower in those who resumed treatment within the first 3
months postpartum (0.30) compared with those who did
not initiate treatment in the first 3 months postpartum (0.60,
RR 0.33, 95% CI 0.13–0.81).

MRI scans performed demonstrated 52 women with Gd+ le-
sions within 12 months postpartum, 1 (1.3%) in the RTX
group, 6 (11.3%) in the NTZ group, and 45 (9.8%) in the
untreated women (table 3). The mean time to the first MRI
scan postpartum was similar in the RTX and NTZ groups (82
days vs 97 days, respectively) and slightly longer in the un-
treated group (120 days). The proportions of patients with
positive scans among patients with valid scans were 0.02, 0.17,
and 0.19 for RTX, NTZ, and the untreated women, re-
spectively. In the logistic regression, compared with the un-
treated women, the odds of having Gd+ lesions postpartum
were not significantly higher in the suspended NTZ women
(adjusted OR, 1.17, 95% CI 0.47–2.88; table 3).

Discussion
In this observational study, we observed that, overall, women
with MS did not show an increase in disease reactivity during
the postpartum period, as the relapse rates remained the same
as prepregnancy rates regardless of treatment type. Never-
theless, women with MS who suspended RTX within 6
months of conception had significantly fewer clinical relapses
and enhancing lesions relative to the suspended NTZ and the
untreated women. Last, in the suspended NTZ women, early
initiation of DMTwithin 3 months after birth reduced the risk
of relapse postpartum.

In our study, the postpartum relapse rate was similar to the
prepregnant state, which is in contrast to the majority of
previous research, demonstrating a significant rebound dis-
ease activity in the early postpartum period.10,11,21 However, 1
recent study also reported an absence of increased disease
activity in the postpartum period, with the ARR returning to
prepregnancy rates at 4–6 months.22 The relatively low ARR
and the lack of rebound disease activity in the early post-
partum period in our cohort are likely due to the inclusion of
women from a population-based setting with milder disease

Table 3 Distribution of outcomes for treatment groups

Outcome
Suspended rituximab
(n = 76)

Suspended natalizumab
(n = 53)

Untreated
(n = 457)

Clinical relapse during pregnancy

Patients with clinical relapse, no. (rate) 1 (0.01) 8 (0.15) 58 (0.13)

RR, crude (95% CI) 0.10 (0.01–0.76) 1.19 (0.54–2.64) Reference

RR, adjusted (95% CI)a NA 1.19 (0.54–2.64) Reference

Clinical relapse 1 y postpartum

Patients with clinical relapse, no. (rate) 4 (0.05) 21 (0.40) 108 (0.23)

RR, crude (95% CI)b 0.22 (0.08–0.63) 1.68 (0.96–2.93) Reference

RR, adjusted (95% CI)a,b 0.21 (0.08–0.61) 1.66 (1.04–2.65) Reference

RR, crude (95% CI)c Reference 7.53 (2.43–23.4) 4.49 (1.60–12.6)

RR, adjusted (95% CI)a,c Reference 7.65 (2.47–23.6) 4.69 (1.67–13.2)

Gd+ lesions 1 y postpartum

Patients with positive scan, no. (%) 1 (1.3) 6 (11.3) 45 (9.8)

Patients with valid scans, no. (%)d 63 35 237

Patients with positive scan/patients
with valid scan

0.02 0.17 0.19

OR, crude (95% CI) 0.12 (0.02–0.90) 1.17 (0.47–2.89) Reference

OR, adjusted (95% CI) NA 1.17 (0.47–2.88) Reference

Abbreviations: Gd+ = gadolinium-enhancingMRI scan; NA = not applicable, estimated could not be reliably calculated because of small number of cases in the
rituximab cohort; RR = rate ratio.
a Adjusted for mother’s age and any relapse in the year before pregnancy.
b Reference category untreated women.
c Reference category rituximab women.
d An MRI scan within 12 mo postpartum.
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activity and the widespread use of high-efficacy therapies in
Sweden.

In Sweden, RTX has been used as a therapeutic alternative
and is now the most frequent DMT prescribed nation-
wide.14 Overall, treatment choice (i.e., RTX vs NTX) is
primarily based on patient and physician preference.
However, RTX has shown to be efficacious in suppressing
neuroradiologic disease activity for relapsing-remitting MS
and reducing the disability progression rate in young pa-
tients and even in those with active primary progressive
MS.23,24 Our findings revealed that women who suspended
RTX before conception had significantly lower risk of
disease reactivity during pregnancy and the postpartum
period than those who suspended NTZ. In the suspended
RTX women, only 1 maternal relapse occurred during
pregnancy and among the 4 cases of relapse that occurred
in the first quarter after delivery, only one experienced new
Gd+ lesions. These findings suggest that the new era of
immune reconstitution therapy, including B cell–depleting
treatments such as RTX, exerts prolonged protective effects
on MS disease activity that can encompass the pregnancy
and postpartum periods. In planned pregnancies, RTX
could be given before conception and after delivery, which
will help reduce the chance of neonatal B-cell depletion,
given that the active transport of RTX across the placenta
begins after 20 weeks’ gestation.25 Thus, our study provides
evidence and supports that RTX may be the preferred
choice of therapy for women with MS considering preg-
nancy. A few studies provide further assurance, as they
concluded that there have been no major safety concerns
associated with RTX use during pregnancy16,26; however,
these were based on a small number of women, and future
studies focused on safety, such as risk of malformation or
stillbirth, should be conducted to confirm findings.

In line with other finding,11,21,27 our results further demon-
strated that disease reactivity is expected among the suspended
NTZ women, and early resumption of NTZ infusion after
delivery (within 3 months) could lower the frequency of
postpartum relapses. For women on NTZ with high disease
activity, proactive clinical considerations could be either a) to
switch to anti–B-cell therapy, which protects against rebound
of disease activity associated with NTZ withdrawal,28 or b)
shorten the washout period, continue NTZ until conception
and even into pregnancy, or c) resume treatment early post-
partum. The latter approach requires a discussion with the
mother regarding the benefits of resuming DMT vs the risks of
relapse with breastfeeding.

This study represents one of the largest population-based
studies to date examining disease activity in women treated
with RTX during the pregnancy/postpartum period. In
Sweden, all citizens have access to universal, publicly
funded health care, and all DMTs are covered by the na-
tional health insurance, including off-label medications,
suggesting that there was limited bias in terms of access to

treatment. Limitations of the present study include the
observational design, which is inherently sensitive to
confounding by indication, as all factors affecting choice of
therapy cannot be accounted for. In this study, there were
differences in prepregnancy disease activity levels between
the suspended and untreated groups, with the untreated
cohort displaying milder activity levels. Guidelines for
follow-up differ to some degree between different DMTs.
Thus, until 2014, 2 yearly visits were recommended for
RTX, and NTZ, whereas 1 visit per year was recommended
for injectable DMTs, which may have affected the sensi-
tivity to detect adverse outcomes in the untreated cohort.
Nevertheless, since 2015, guidelines regarding follow-up
have been identical across all therapies. Expanding Dis-
ability Status Scale ratings were not included as an out-
come, as ratings are less reliable when performed in clinical
routine, and the relatively limited follow-up time di-
minished the possibility to analyze long-term disability
outcomes. The vast majority of patients in the Swedish MS
Registry are of Northern European descent, and therefore,
these findings are mostly generalizable to this group of
patients. Last, we did not have information on lactation
status that could potentially influence therapy resumption
after delivery.

In conclusion, this observational study of women of
child-bearing age indicates a superior effectiveness of RTX
compared with NTZ in mitigating disease activity during
pregnancy and postpartum. In the absence of a formal ran-
domized clinical trial, RTX appears to be the superior choice,
compared with NTZ, for women considering pregnancy.
Further studies are needed to shed light on the safety of RTX
exposures during pregnancy and a potential adverse effect on
the developing fetus.
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