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Abstract
Objective
To investigate pregnancy-related disease activity in a contemporary multiple sclerosis (MS)
cohort.

Methods
Using data from the MSBase Registry, we included pregnancies conceived after December 31,
2010, in women with relapsing-remitting MS or clinically isolated syndrome. Predictors of
intrapartum relapse and postpartum relapse and disability progression were determined by
clustered logistic regression or Cox regression analyses.

Results
We included 1,998 pregnancies from 1,619 women with MS. Preconception annualized relapse
rate (ARR) was 0.29 (95% confidence interval 0.27–0.32), fell to 0.19 (0.14–0.24) in the third
trimester, and increased to 0.59 (0.51–0.67) in early postpartum. Among women who used
fingolimod or natalizumab, ARR before pregnancy was 0.37 (0.28–0.49) and 0.29 (0.22–0.37),
respectively, and increased during pregnancy. Intrapartum ARR decreased with preconception
dimethyl fumarate use. ARR spiked after delivery across all DMT groups. Natalizumab con-
tinuation into pregnancy reduced the odds of relapse during pregnancy (odds ratio 0.76 per
month [0.60–0.95], p = 0.017). DMT reinitiation with natalizumab protected against
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postpartum relapse (hazard ratio [HR] 0.11 [0.04–0.32], p < 0.0001). Breastfeeding women were less likely to relapse (HR 0.61
[0.41–0.91], p = 0.016). We found that 5.6% of pregnancies were followed by confirmed disability progression, predicted by
higher relapse activity in pregnancy and postpartum.

Conclusion
Intrapartum and postpartum relapse probabilities increased among women with MS after natalizumab or fingolimod cessation.
In women considered to be at high relapse risk, use of natalizumab before pregnancy and continued up to 34 weeks gestation
with early reinitiation after delivery is an effective option to minimize relapse risks. Strategies of disease-modifying therapy use
have to be balanced against potential fetal/neonatal complications.

Multiple sclerosis (MS) is a leading cause of neurologic dis-
ability among young people and is typically diagnosed in
women in their 20s and 30s.1 Pregnancy and family planning
are important life events in this group and pose special chal-
lenges for MS treatment planning.

Pregnant women are excluded from randomized controlled trials
of disease-modifying therapies (DMTs), and there is limited trial
evidence to inform management through pregnancy and post-
partum. Historical studies of women treated with no or low-
efficacy platform therapies demonstrated a fall in relapse activity
during pregnancy, reaching a trough in the third trimester fol-
lowed by an increase in early postpartum.2-4 There has been a
substantial increase in the number of DMTs over the past de-
cade.5 Several recent studies included pregnancies of women
treated with newer DMTs, although these are limited by small
sample size.6-9 Disease activity in the antenatal and postpartum
periods in the setting of modern DMT use remains unclear.

Further investigation is important to inform clinical manage-
ment of women with MS who are planning pregnancy. We
accessed data from the MSBase Registry to examine relapse
activity before, during, and after pregnancy in a contemporary
cohort. We contrast relapse outcomes in our modern cohort
with historical cohorts. We further determine the predictors for
relapse in pregnancy and postpartum, as well as the prevalence
and predictors of confirmed disability progression after delivery.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The MSBase Registry has approval from the Alfred Health
Human Research Ethics Committee and ethics approval or
exemption from the local research ethics committee at each
participating site, according to applicable local laws and reg-
ulations. Written informed consent was obtained from all

enrolled patients participating in the registry in accordance
with the Declaration of Helsinki.

Study Population
We conducted a multicenter retrospective cohort study using
prospectively ascertained pregnancy data from the MSBase
Registry.10 MSBase is an international registry of MS and
neuroimmunologic conditions. Most participating sites are
tertiary MS referral centers. Participating sites agree to collect
a minimum dataset that includes patient sex, birthdate, MS
onset date, clinic visit dates, Expanded Disability Status Scale
(EDSS; a nonlinear ordinal disability scale, range 0–10) as-
sessments, relapse, and treatment information. Any patient
with MS who attends a participating center and provides in-
formed consent can be enrolled in the registry. Data are
collected in real time at most participating centers and entered
using MSBase-specific data entry systems. Longitudinal data
were extracted from MSBase on May 27, 2019.

Women ≥18 years of age with diagnosis of a clinically isolated
syndrome (CIS) or relapsing-remitting MS (RRMS) before con-
ception were included.11 We included women with at least 1 visit
recorded in both the 1 year before and after pregnancywith known
pregnancy outcome. Exclusion criteria were applied as described in
figure 1. We defined 3 epochs: (1) modern with pregnancies
beginning in 2011, (2) pregnancies in which conception occurred
between 2005 and 2010, and (3) pregnancies beginning before
2005. DMTs were categorized by relative efficacy into low-efficacy
(interferon beta, glatiramer acetate, teriflunomide, azathioprine),
medium-efficacy (fingolimod, dimethyl fumarate, daclizumab),
and high-efficacy (natalizumab, alemtuzumab, rituximab, ocrelizu-
mab, mitoxantrone, cyclophosphamide) groups.12

Relapse was defined as onset of focal or multifocal neurologic
symptoms or signs lasting at least 24 hours in the absence of
fever or infection. Annualized relapse rates (ARRs) were
calculated for the 1-year preconception, pregnancy, and
1-year postpartum periods. Relapse in pregnancy and first 3

Glossary
ARR = annualized relapse rate;CI = confidence interval;CIS = clinically isolated syndrome;DMT = disease-modifying therapy;
EDSS = Expanded Disability Status Scale; HR = hazard ratio; IQR = interquartile range;MS = multiple sclerosis; OR = odds
ratio; RRMS = relapsing-remitting MS.
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months postpartum were used as outcomes. Preterm was
defined as pregnancy <37 weeks leading to live birth. Abor-
tions were pregnancies ending through medical intervention.
Miscarriages were pregnancies that ended spontaneously
before 20 weeks, and stillbirths were pregnancies that ended
at or after 20 weeks.

Conception EDSS score was defined as the EDSS score
recorded closest to conception and within 1 year before
conception. Early postpartum EDSS score was the EDSS
score closest to and within 6 months of delivery, and 1-year
postpartum EDSS score was the EDSS score recorded closest
to 1 year after delivery and within 6 months. Disability pro-
gression was defined as an increase in EDSS score by at least
1.5 steps if the baseline EDSS score was 0, at least 1 step if the
baseline EDSS was between 1 and 5.5 inclusive, and at least
0.5 step if the baseline EDSS score was >5.5. Six-month
confirmed disability progression was defined as disability
progression sustained over 2 subsequent visits relative to the
conception EDSS score, with a minimum duration of 6

months between each EDSS assessment. EDSS scores were
excluded if there was a relapse onset recorded in the preceding
30 days, except when determining the early postpartum EDSS
score.

Statistical Analysis
Unpaired t test, 1-way analysis of variance,Mann-WhitneyU test,
Wilcoxon matched-pairs sign-rank test, Kruskal-Wallis test, χ2

test, and Fisher exact test were used for comparisons as appro-
priate. Separate regression analyses were performed for term/
preterm pregnancies and abortions/miscarriages/stillbirths. Re-
gression analyses were clustered by patient identification to ac-
count for women with multiple included pregnancies,
recognizing that intraindividual factors may influence outcomes.
Clustered logistic regression was used to determine predictors of
relapse in pregnancy. Clustered Cox regression was used to as-
sess predictors for time to relapse postpartum and time to
confirmed disability progression. DMT reinitiation and breast-
feeding were encoded as time-varying covariates. The Global
Schoenfeld test was used to assess Cox models for proportional

Figure 1 Flowchart of Pregnancy and Patient Inclusion/Exclusion

MS = multiple sclerosis.
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hazards. Multivariable models were adjusted for country of res-
idence and number of visits in pregnancy or 1 year postpartum in
addition to the variables presented in the respective results tables.
Sensitivity analyses were used to assess outcomes exclusively in
the RRMS cohort. Akaike information criterion was used to
select the best-fitting model. A 2-tailed value of p < 0.05 was
considered significant. Analyses were performed in R version
3.6.2 with tidyverse, miceadds, sandwich, and survival packages
(R Foundation for Statistical Computing, Vienna, Austria).13-19

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

Results
We screened 16,186 pregnancies from 8,651 patients for in-
clusion. Of these, 1,998 pregnancies from 1,619 patients were
included in our modern epoch (figure 1). One thousand six
hundred forty (82.1%) pregnancies were term/preterm, and
358 (17.9%) were abortions/miscarriages/stillbirths. The
median number of pregnancies from each patient was 1
(interquartile range [IQR] 1–1, range 1–6). The number of
pregnancies from each contributing country can be found in
e-table 1 (doi.org10.5061/dryad.0vt4b8gxt).

Table 1 shows characteristics of pregnancies in the modern
epoch. Disease phenotype at conception was predominantly
RRMS (91.3%). Of patients who had CIS at the time of their
pregnancy, 77 of 153 patients (50.3%) converted to RRMS by
the time of their last recorded visit. Patients with CIS had a
median follow-up period of 7.2 years (IQR 4.9–9.7 years) be-
tween the date of first symptoms and their last recorded visit.

Change in Preconception DMT Use and
Pregnancy Relapse Rates Across Epochs
We contrasted our modern cohort with those from historical
epochs (table 1). Considering the 1 year before pregnancy,
use of DMTs during this period increased over time (47.7%
before 2005 vs 79.7% in the modern epoch). The median
DMT washout period significantly shortened over time (12
months before 2005, 2.8 months in 2005–2010, and 0 months
from 2011 on). Therapy continuation up to and into preg-
nancy increased (efigure 1, doi.org10.5061/dryad.0vt4b8gxt).

In term/preterm pregnancies, preconception ARR fell across
epochs from 0.584 (95% confidence interval [CI] 0.486–0.697)
before 2005 to 0.400 (95% CI 0.356–0.448) between 2005 and
2010 to 0.291 (95% CI 0.265–0.320) from 2011 on (figure 2).
In all epochs, ARR decreased during pregnancy to similar
troughs in the third trimester. In the first 3 months postpartum,
ARR increased. This was highest before 2005 (0.694 [95% CI
0.500–0.938] vs 0.586 [95% CI 0.513–0.666] in the modern
epoch). Among modern pregnancies that ended in abortion/
miscarriage/stillbirth, we observed the ARR to rise after preg-
nancy end (0.440 [95% CI 0.311–0.604] vs before conception
0.294 [0.239–0.358]; figure 3).

Pregnancies in the Modern Epoch
In the modern epoch, 242 term/preterm pregnancies (14.8%)
were associated with high-efficacy DMT use before concep-
tion, of which 219 (90.5%) were natalizumab (characteristics
by DMT class in etable 2 doi.org10.5061/dryad.0vt4b8gxt).
Medium-efficacy DMTs were used before 207 pregnancies
(12.6%), with fingolimod accounting for 147 (71.0%) and
dimethyl fumarate for 57 (27.5%). Conception EDSS score
was ≥2 for 35.4% of pregnancies with preconception medium-
or high-efficacy DMT use compared to 21.7% of pregnancies
with low-efficacy or no DMT use.

In figure 4A, we plot the ARR of pregnancies associated with
preconception natalizumab, fingolimod, dimethyl fumarate, or
low-efficacy or no DMT use (characteristics by specific DMT
in etable 3 doi.org10.5061/dryad.0vt4b8gxt). The ARR fell
during pregnancy in low-efficacy and no DMT groups. The
ARR rose during the second and third pregnancy trimesters
among pregnancies associated with preconception natalizumab
use. Of the fingolimod group, ARR increased in early preg-
nancy followed by a decrease in the third trimester. The ARR
decreased through pregnancy for the dimethyl fumarate group.
ARR spiked in early postpartum for all groups but was higher in
the natalizumab (0.881 [95% CI 0.645–1.18]), fingolimod
(0.947 [95% CI 0.656–1.32]), and dimethyl fumarate (0.809
[95% CI 0.404–1.45]) groups compared to the low-efficacy
(0.474 [95% CI 0.385–0.578]) and no DMT (0.508 [95% CI
0.368–0.684]) groups.

There were 207 term/preterm pregnancies treated with
natalizumab preconception with no other DMT initiated
during pregnancy (characteristics in etable 4 doi.org10.5061/
dryad.0vt4b8gxt). Earlier natalizumab discontinuation was
associated with earlier return of disease activity (figure 4B).
The intrapartum ARR did not rise when natalizumab was
continued beyond the first trimester. In the early postpartum
period, the ARR was highest for the groups with natalizumab
stopped before the end of the first trimester.

Dimethyl fumarate was used before 54 term/preterm preg-
nancies, with no other DMT started during pregnancy (etable
5 doi.org10.5061/dryad.0vt4b8gxt). No significant increase in
the ARR was observed with dimethyl fumarate washout, al-
though our cohort size was limited (figure 4C). Relapse oc-
curred in 11.8% (4 of 34) of pregnancies associated with
washout and 5% (1 of 20) with continuation of dimethyl
fumarate into early pregnancy.

Of 143 term/preterm pregnancies associated with fingoli-
mod use and no other DMT in pregnancy (etable 6 doi.
org10.5061/dryad.0vt4b8gxt), cessation was followed by a
rise in relapse activity during pregnancy (figure 4D). The
ARR fell in the third trimester but was higher among preg-
nancies with fingolimod ceased within the first trimester
than before pregnancy. After delivery, the ARR was highest
with fingolimod cessation in early pregnancy (1.31 [95% CI
0.698–2.24]).
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Table 1 Demographic and Clinical Characteristics of Pregnancies in Modern and Historical Epochs

2011 On (n = 1,998)

2005–2010
(n = 964)

Before 2005
(n = 302)

Term and preterm
pregnancies
(n = 1,640)

Miscarriages,
abortions, and
stillbirths (n = 358)

Pregnancy duration, median (IQR), mo 8.90 (8.38–9.17) 1.84 (1.31–2.46) 8.85 (8.08–9.17) 8.76 (7.77–9.06)

Age at conception, median (IQR), y 32.0 (28.8–35.1) 34.1 (29.9–37.1) 31.2 (28.6–34.1) 30.2 (27.3–33.6)

Time from first symptoms to conception, median (IQR), y 6.21 (3.39–10.2) 6.72 (3.56–10.5) 5.94 (3.24–9.50) 5.95 (3.47–8.92)

Phenotype at conception, n (%)

RRMS 1,499 (91.4) 325 (90.8) 873 (90.6) 281 (93.0)

CIS 141 (8.6) 33 (9.2) 91 (9.4) 21 (7.0)

EDSS score at conception, median (IQR) 1.5 (0–2)a 1.5 (1–2)b 1.5 (1–2)c 1 (0–2)d

ARR in 1 y before conception, mean (SD) 0.288 (0.600) 0.293 (0.628) 0.468 (1.70) 0.555 (0.930)

DMT used in 1 y before conception, n (%)

None 346 (21.1) 60 (16.8) 356 (36.9) 158 (52.3)

Interferon beta 597 (36.4) 137 (38.3) 447 (46.4) 114 (37.7)

Glatiramer 238 (14.5) 40 (11.2) 108 (11.2) 13 (4.3)

Natalizumab 219 (13.4) 61 (17.0) 16 (1.7) 0

Fingolimod 147 (9.0) 38 (10.6) 0 0

Dimethyl fumarate 57 (3.5) 13 (3.6) 0 0

Alemtuzumab 15 (0.9) 2 (0.6) 0 0

Azathioprine 6 (0.4) 4 (1.1) 20 (2.1) 4 (1.3)

Rituximab 7 (0.4) 1 (0.3) 0 0

Teriflunomide 3 (0.2) 2 (0.6) 0 0

Daclizumab 3 (0.2) 0 0 0

Azathioprine/interferon beta concurrently 1 (0.1) 0 11 (1.1) 10 (3.3)

Mitoxantrone 1 (0.1) 0 4 (0.4) 1 (0.3)

Interferon beta/glatiramer concurrently 0 0 1 (0.1) 0

Cyclophosphamide 0 0 1 (0.1) 1 (0.3)

Cyclophosphamide/interferon beta concurrently 0 0 0 1 (0.3)

DMT washout period, median (IQR), mo 0 (0–7.97) 0 (0–3.38) 2.79 (0–12) 12 (0–12)

DMT continued into pregnancy, median (IQR), mo 0 (0–0.953) 0.756 (0–1.38) 0 (0–0.887) 0 (0–0.682)

Time to DMT reinitiation after delivery, median (IQR), moe 2.40 (0.854–4.93) 0 (0–1.02) 3.09 (0.493–5.85) 2.17 (0–5.20)

Breastfeeding, n (%)

No 1,191 (72.6) — — —

Yes 449 (27.4) — — —

Duration of breastfeeding, median (IQR), mof 3.22 (1.61–5.95) — — —

Follow-up duration before conception, median (IQR), y 3.89 (1.83–6.93) 4.48 (2.29–7.91) 3.24 (1.45–5.78) 3.06 (1.29–5.53)

Follow-up duration after delivery, median (IQR), y 2.44 (1.07, 4.08) 2.74 (1.33, 4.45) 8.14 (6.49–9.75) 14.2 (12.4–16.9)

Abbreviations: ARR = annualized relapse rate; CIS = clinically isolated syndrome; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale;
IQR = interquartile range; RRMMS = relapsing-remitting multiple sclerosis.
a 1,482 pregnancies with recorded EDSS score within 1 year before conception.
b 333 pregnancies with recorded EDSS score within 1 year before conception.
c 826 pregnancies with recorded EDSS score within 1 year before conception.
d 222 pregnancies with recorded EDSS score within 1 year before conception.
e Of pregnancies after which the patient restarted a DMT within 12 months postpartum.
f Calculated from pregnancies after which patients breastfed.
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Predictors of Intrapartum Relapse
Intrapartum relapse occurred in 194 (11.8%) term/preterm
pregnancies (etable 7 doi.org10.5061/dryad.0vt4b8gxt). Preg-
nancies associated with preconception natalizumab, fingolimod,
dimethyl fumarate, or low-efficacy or no DMT use were

included for regression analyses of relapse occurrence. Natali-
zumab and fingolimod use before pregnancy, higher pre-
conception ARR, and younger age were independent risk factors
for relapse in pregnancy in multivariable analysis (table 2). Use
of dimethyl fumarate before pregnancy was not associated with

Figure 3 ARRs Before Conception, During Pregnancy, and Postpregnancy for Abortions/Miscarriages/Stillbirths in the
Modern Epoch

Bars represent 95% confidence intervals. ARR = annualized
relapse rate.

Figure 2 ARRs Before Conception, During Pregnancy, and Postpartum Across Epochs for Term/Preterm Pregnancies

Bars represent 95% confidence intervals. ARR = annualized relapse rate.
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elevated odds of relapse. Continuing natalizumab into preg-
nancy was protective, with 24.5% reduction in odds of relapse
per month continued (odds ratio [OR] 0.755 [95% CI
0.600–0.951], p = 0.017). Sensitivity analyses excluding the CIS
cohort did not reveal any significant differences compared to the
primary analysis (etable 8 doi.org10.5061/dryad.0vt4b8gxt).

Sixteen (4.5%) abortions/miscarriages/stillbirths had preg-
nancy relapse (etable 9 doi.org10.5061/dryad.0vt4b8gxt).
Due to small numbers, only univariable analyses were con-
ducted. Preconception ARR was the only significant risk
factor (OR 2.49 [95% CI 1.29–4.82], p = 0.0068).

Predictors of Postpartum Relapse
Among term/preterm pregnancies, 223 (13.6%) were fol-
lowed by relapse in the 3 months after delivery at a median
time of 34 days (IQR 16.5–61 days) postpartum (etable 10
doi.org10.5061/dryad.0vt4b8gxt). Those who relapsed had a
higher ARR before (0.481 vs 0.258, p < 0.0001) and during
(0.540 vs 0.157, p < 0.0001) pregnancy and were more likely

to be managed on high- or medium-efficacy DMT before
pregnancy (39.5% vs 25.5%).

Factors independently predictive of early postpartum relapse
were conception EDSS score ≥2 and higher preconception
ARR and intrapartum ARR (table 3). Preconception use of
natalizumab, dimethyl fumarate, or no DMT were associated
with increased hazards of relapse relative to the use of low-
efficacy treatments after adjustment for covariates. Reinitia-
tion with high-efficacy therapies was independently protective
against postpartum relapse and reduced the hazard of relapse
by 88.9% (hazard ratio [HR] 0.111 [95% CI 0.0382–0.322],
p < 0.0001 compared to none reinitiated). Women who
breastfed were less likely to relapse (HR 0.611 [95% CI
0.409–0.914], p = 0.016). Sensitivity analyses excluding the
CIS cohort did not reveal any significant differences to the
primary analysis (etable 11 doi.org10.5061/dryad.0vt4b8gxt).

Thirty-five patients (9.8%) with abortions/miscarriages/
stillbirths relapsed in the first 3 months after their pregnancy

Figure 4 Annualized Relapse Rates (ARRs) Before Conception, During Pregnancy, and Postpartum for Term/Preterm
Pregnancies in the Modern Epoch

By disease-modifying therapy (DMT) used before conception (A), of pregnancies associated with preconception natalizumab (NAT) use (B), of pregnancies associated
with preconception dimethyl fumarate (DMF) use (C), and of pregnancies associated with preconception fingolimod (FIN) use (D). In panel A, pregnancies associated
with preconceptionNAT, FIN, or DMFuse are compared to thosewith low-efficacy or noDMTuse. In panels B, C, andD, pregnancies associatedwithNAT, DMF, or FIN
use are grouped according towhether the drugwas continued into pregnancy or stopped (i.e., washout) before conception. Bars represent 95% confidence intervals.
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ended (etable 12 doi.org10.5061/dryad.0vt4b8gxt). Pre-
conception ARR was the only significant predictor for relapse
in both univariable and multivariable analyses (etable 13 doi.
org10.5061/dryad.0vt4b8gxt).

Specific Induction-Like and Depletion
Therapies and Pregnancy-Related Relapse
Of specific induction-like and depletion therapies, alemtuzu-
mab was used before 22 term/preterm pregnancies (median
time from first dose 1.59 years, IQR 0.48–2.08 years). Relapse
occurred during 2 pregnancies (9.1%), and no pregnancies
were followed by early postpartum relapse. Rituximab was
used before 7 pregnancies (median time from initiation 0.83
years, IQR 0.74–1.47 years). There were no intrapartum re-
lapses, and 2 (28.6%) pregnancies were followed by post-
partum relapse with subsequent DMT reinitiation with
rituximab and ocrelizumab. Cladribine was used before 3
pregnancies at a median time of 5.75 years prior (range
4.25–6.78 years). Of these, 1 pregnancy was associated with
intrapartum relapse in a woman whose last DMT before
conception was fingolimod. No pregnancy was followed by
early postpartum relapse.

Postpartum Disability Progression
Of term/preterm pregnancies, 850 (51.8%) had conception,
early postpartum, and 1-year postpartum EDSS scores avail-
able. Confirmed disability progression events occurred after
48 (5.6%) pregnancies (etable 14 doi.org10.5061/dryad.
0vt4b8gxt). In multivariable analysis, a higher ARR during
pregnancy (HR 1.67 [95% CI 1.25–2.22], p = 0.00052) and
relapse occurrence postpartum (HR 2.54 [95% CI
1.21–5.33], p = 0.014) were independently predictive of
disability progression (etable 15 doi.org10.5061/dryad.
0vt4b8gxt).

Discussion
In this observational modern-era study of pregnancies in
women with RRMS or CIS, predictors for relapse in preg-
nancy were higher preconception ARR and natalizumab or
fingolimod use before pregnancy. Natalizumab continuation
into pregnancy was protective. Predictors of early postpartum
relapse included higher conception EDSS score and higher
ARR before and during pregnancy. Natalizumab, dimethyl

Table 2 Predictors of Relapse During Pregnancy for Term/Preterm Pregnancies

Unadjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value

Age at conception, y

<35 1.00 1.00

≥35 0.426 (0.277–0.656) 0.00011 0.383 (0.236–0.623) 0.00011

EDSS score at conception

<2 1.00 1.00

≥2 1.28 (0.909–1.80) 0.16 1.14 (0.771–1.70) 0.50

Missing 1.12 (0.655–1.91) 0.68 1.16 (0.637–2.11) 0.63

ARR in 1 y before conception 1.66 (1.33–2.07) <0.0001 1.51 (1.18–1.91) 0.00084

DMT used before conception

Natalizumab 2.54 (1.69–3.82) <0.0001 3.25 (1.95–5.43) <0.0001

Fingolimod 2.96 (1.88–4.67) <0.0001 2.38 (1.35–4.20) 0.0026

Dimethyl fumarate 1.16 (0.480–2.79) 0.75 1.46 (0.537–3.95) 0.46

Low-efficacy 1.00 1.00

None 0.900 (0.569–1.42) 0.65 0.543 (0.240–1.22) 0.14

DMT washout period 0.985 (0.956–1.02) 0.34 1.06 (0.997–1.13) 0.060

Natalizumab continued into pregnancy 0.917 (0.791–1.06) 0.25 0.755 (0.600–0.951) 0.017

Fingolimod continued into pregnancy 1.09 (0.884–1.33) 0.43 0.953 (0.753–1.21) 0.69

Dimethyl fumarate continued into pregnancy 0.375 (0.0434–3.24) 0.37 0.298 (0.0223–3.97) 0.36

Low-efficacy DMT continued into pregnancy 0.908 (0.786–1.05) 0.19 0.986 (0.864–1.13) 0.84

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; OR = odds
ratio.
Predictors of relapse in pregnancy were assessed with clustered logistic regression. Multivariable model included reported variables and were adjusted for
country of residence and number of clinic visits during pregnancy (not shown). Akaike information criterion of multivariable model was 1,057.
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fumarate, or no DMT use before pregnancy was associated
with increased hazards of postpartum relapse relative to low-
efficacy DMT use. Postdelivery DMT initiation, particularly
with natalizumab, was protective. Women who breastfed were
less likely to relapse. Reassuringly, pregnancy-related disabil-
ity progression events were uncommon and driven by preg-
nancy and postpartum relapse activity.

We observed decrements in prepregnancy and postpartum
relapse rates over time. Over the past 2 decades, there have
been significant advances in the MS treatment landscape that
enable more effective disease control. DMT use increased
over time, and the therapeutic strategy of DMT continuation
to or beyond conception markedly increased in our modern
cohort compared to historical cohorts. These observations

Table 3 Predictors of Time to Relapse in Early Postpartum for Term/Preterm Pregnancies

Unadjusted HR (95% CI) p Value Adjusted HR (95% CI) p Value

Age at conception, y

<35 1.00 1.00

≥35 0.613 (0.435–0.864) 0.0052 0.717 (0.506–1.02) 0.061

EDSS score at conception

<2 1.00 1.00

≥2 2.22 (1.67–2.95) <0.0001 1.77 (1.29–2.44) 0.00044

Missing 1.33 (0.831–2.14) 0.23 1.37 (0.793–2.37) 0.26

ARR in 1 y before conception 1.54 (1.32–1.80) <0.0001 1.28 (1.06–1.55) 0.012

ARR in pregnancy 1.45 (1.28–1.63) <0.0001 1.20 (1.03–1.41) 0.023

DMT used preconception

Natalizumab 2.01 (1.41–2.87) 0.00011 2.14 (1.44–3.20) 0.00018

Fingolimod 1.82 (1.19–2.79) 0.0054 1.41 (0.837–2.39) 0.20

Dimethyl fumarate 1.84 (0.987–3.44) 0.055 2.25 (1.17–4.34) 0.016

Low-efficacy 1.00 1.00

None 0.989 (0.668–1.46) 0.95 2.39 (1.08–5.28) 0.031

DMT washout period 0.966 (0.937–0.995) 0.024 0.925 (0.867–0.985) 0.016

DMT continued into pregnancy 0.996 (0.935–1.06) 0.91 1.04 (0.944–1.15) 0.41

DMT class reinitiated postpartum

Natalizumab 0.320 (0.118–0.862) 0.024 0.111 (0.0382–0.322) <0.0001

Alemtuzumab 5.12 (1.20–21.9) 0.028 0.320 (0.0675–1.52) 0.15

Anti-CD20 4.30 (0.567–32.7) 0.16 2.43 (0.262–22.6) 0.43

Fingolimod 1.19 (0.565–2.50) 0.65 0.461 (0.196–1.09) 0.076

Dimethyl fumarate 1.36 (0.460–4.02) 0.58 0.980 (0.383–2.51) 0.97

Low-efficacy 0.418 (0.232–0.753) 0.0037 0.389 (0.207–0.730) 0.0033

None 1.00 1.00

Breastfeeding

No 1.00 1.00

Yes 0.884 (0.635–1.23) 0.47 0.611 (0.409–0.914) 0.016

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale;
HR = hazard ratio.
Predictors of time to relapse in early postpartumwere assessedwith clustered Cox regression analyses. DMT reinitiation postpartumand breastfeedingwere
encoded as time-varying covariates. Multivariable model included reported variables and were adjusted for country of residence and number of clinic visits
during 1 year postpartum (not shown). Akaike information criterion of multivariable model was 3083, and Global Schoenfeld test p = 0.52.
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likely explain in part the improved disease control seen in our
modern cohort. Another contributory explanation is the
evolution ofMS diagnostic criteria leading to earlier diagnosis,
as well as diagnosis of patients with milder courses.20

In our modern cohort, the historically established pattern of
ARR decline during pregnancy and postpartum spike was re-
capitulated in those on no or low-efficacy DMT before preg-
nancy. Relapse activity increased during pregnancy in the
natalizumab and fingolimod treatment groups. After natalizu-
mab cessation, relapse activity increased through pregnancy, in
keeping with disease re-emergence reported in nonpregnant
natalizumab-treated cohorts.21 Later cessation during preg-
nancy delayed the peak of relapse probability, and continuation
beyond the first trimester prevented the return of relapse ac-
tivity altogether. Natalizumab exposure in pregnancy has not
been associated with specific fetal malformations or increased
miscarriage risk.22 However, use into the third pregnancy tri-
mester has been associated with reversible hematologic ab-
normalities in the infant.23 Continuation of natalizumab at 6- to
8-week intervals up to the 32nd to 34thweek of pregnancy is an
option to prevent relapse in those deemed at elevated relapse
risk while minimizing fetal exposure.24

After fingolimod cessation, we observed a sharp rise in relapse
activity consistent with rebound.25 Given its teratogenic po-
tential, fingolimod is contraindicated in pregnancy.26 Patients
with more active MS are more likely to be treated with higher-
efficacy DMTs such as natalizumab and fingolimod, and this
likely explains in part the greater intrapartum relapse proba-
bilities observed. This is in addition to the well-recognized
return or rebound of relapse activity in the months following
drug withdrawal. In this subset of women with MS, the im-
munomodulatory changes of pregnancy are insufficient to
protect against relapse return or rebound.

In our small cohort of women using dimethyl fumarate before
pregnancy, the intrapartum ARR remained low. The majority
of our cohort stopped dimethyl fumarate use at conception or
within 3 months before conception. Limited available data do
not indicate increased risks of fetal abnormality or miscarriage
with first-trimester drug exposure,27 although the use of ef-
fective contraception is recommended while receiving this
treatment. Dimethyl fumarate is known to cause immuno-
modulatory effects that persist for several months after ces-
sation, which may help to reduce relapse risk, for instance,
during pregnancy.28 However, further study with larger co-
horts is required before any conclusions can be made.

After delivery, relapse rates spiked among all DMT groups
and was highest among women who used natalizumab, fin-
golimod, or dimethyl fumarate before pregnancy. A recent
population-based cohort study did not observe a sharp rise in
relapse rate postpartum.29 Differences in cohorts likely ex-
plain these contrasting observations. Our cohort is contrib-
uted by MS subspecialist centers, and a significant proportion
of patients are likely to have more active disease and require

higher-efficacy infusional or oral treatments than patients
managed through community clinics. In contrast, the
population-based cohort was mostly treated with no or low-
efficacy DMT before pregnancy and likely overall represented
a group with milder disease compared to our cohort.

DMT initiation after delivery, particularly with natalizumab,
protected against early postpartum relapse. This finding is
compatible with the known rapid onset of efficacy of natali-
zumab, with benefits on disease activity noted as soon as 1
month after the first infusion.30,31 Although we did not identify
a protective effect of postdelivery anti-CD20 or alemtuzumab
use, we had insufficient power to detect these given our limited
numbers of patients who used these therapies. One study of
women treated with alemtuzumab described sustained control
of disease, including during and after pregnancy.32 Rituximab
and ocrelizumab suppress CD19 B-cell counts beyond their
dosing interval of 6 months, suggesting potential long-lasting
efficacy.33 Stopping anti-CD20 therapy is not associated with
rebound disease activity.34 Several studies have shown well-
controlled disease during and after pregnancy when the last
dose was administered within 6 to 12 months before
pregnancy.34-38 Therefore, planned use of anti-CD20 treatment
or alemtuzumab before conception is an option that can pro-
vide long-lasting disease control while minimizing DMT ex-
posure during pregnancy and while breastfeeding.

Breastfeeding women were less likely to relapse in our mod-
ern cohort. A recent meta-analysis suggested benefit of
breastfeeding in preventing postpartum relapse.39 Exclusive
breastfeeding was protective against postpartum relapse in a
study of a population-based cohort.29 An issue with a number
of previous studies was their high risk of confounding. In our
study, we adjusted for potential confounders, including DMT
reinitiation and prior disease activity. Given that breastfeeding
has maternal and newborn benefits, it should be encouraged.
When considering concurrent DMT use and breastfeeding,
counseling and joint clinician-patient decision-making are
important because uncertainty about infant safety remains.
The bioavailability of natalizumab in breastmilk is negligible,
and recent guidelines support its use while breastfeeding.24

There is minimal transfer of rituximab into mature breastmilk,
and oral bioavailability is low.40 In a small cohort of women
who breastfed while on natalizumab, ocrelizumab, or ritux-
imab, no adverse impacts on neonatal development were
observed up to a median follow-up of 1 year.41 Although these
finding are supportive of neonatal safety, further work is re-
quired to determine breastfeeding compatibility, particularly
for highly efficacious DMT.

Relapse occurrence during pregnancy and postpartum was a
significant driver of disability progression after pregnancy. We
defined disability progression events as requiring confirmation
at least 6 months later to reduce misclassification with relapse-
associated reversible disability.42 Only 1 other study using data
collected between 2002 and 2008 assessed disability pro-
gression after pregnancy with delayed confirmation.43 The
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authors reported a 12.6% disability progression rate among their
cohort of women who were untreated or treated with low-
efficacyDMTs.We observed a lower rate of 5.6% in ourmodern
cohort. A possible explanation for this difference could be in-
creased DMT use and availability of highly effective treatments
in the modern era. Indeed, only 20% of our cohort were un-
treated before pregnancy compared to 41% of the previously
reported cohort.43 A consideration when interpreting our re-
sults is that just over half of our term/preterm pregnancy cohort
met our criteria to be included in this analysis. Because we
required 2 EDSS scores to be recorded 6 months apart after
delivery, women whose pregnancies were included were likely
considered at higher risk for postpartum relapse and therefore
had closer clinical monitoring. Despite this limitation, it is
reassuring that postpartum disability progression is uncommon
in this cohort. Relapses are a well-recognized driver of long-term
disability.44 Prevention of relapses, as well as subclinical disease
activity, remains an important goal to prevent subsequent dis-
ability accrual.

Our study has several limitations. Data were contributed
predominantly from subspecialist MS referral centers, so
caution must be applied when considering our results in the
context of other MS populations. Although our inclusion
criteria require patients with active follow-up around preg-
nancy, which ensures accuracy and completeness of recorded
data, this may select for patients with more active disease who
need more regular review. We were unable to evaluate MRI
measures of disease activity.Whether breastfeeding wasmixed
or exclusive was not recorded, so we were unable to differ-
entiate between their effects on disease activity. We had a
small cohort of women treated with dimethyl fumarate before
pregnancy; thus, further study is important to confirm our
observations. We had limited or no pregnancies associated
with prior alemtuzumab, rituximab, ocrelizumab, or cladribine
use and were therefore unable to make any meaningful con-
clusions regarding these.

For women of child-bearing age, our data inform DMT use
that best controls disease activity during and after pregnancy
as part of prepregnancy counseling. In women considered at
high relapse risk or those with poor prognostic factors, high-
efficacy therapy continuation in pregnancy attenuates the risk
of relapse and disability accrual peripregnancy. Natalizumab
use (particularly in those at low risk of progressive multifocal
leukoencephalopathy) before and during pregnancy up to the
32nd to 34th weeks of gestation and reinitiation within several
weeks of delivery are strongly protective against relapse. Al-
ternatively, planned use of dimethyl fumarate, an anti-CD20
therapy, or alemtuzumab can provide long-lasting, effective
disease control during and after pregnancy, which also allows
avoidance of drug exposure during these times. Breastfeeding
should be encouraged given its multiple benefits and potential
protective effect against relapse. Because the safety of DMT is
not yet well established in pregnancy and breastfeeding, cli-
nicians should carefully discuss the benefits and risks with
their patients. Well-designed prospective studies will help to

confirm the effect of breastfeeding and the safety of DMT use
in pregnancy and lactation.
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Appendix 2 Coinvestigators

Coinvestigators are listed at links.lww.com/WNL/B381
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