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Introduction
Multiple sclerosis (MS) is an autoimmune neurode-
generative chronic disease of the central nervous sys-
tem, most commonly diagnosed in young adults and 
more frequent in women.1–3 MS cannot be cured, but 
disease-modifying therapies (DMTs) reduce relapses, 
short-term and long-term disability. Over the past 
decade, the number of available DMTs has increased 
and changes toward earlier initiation of DMT after 
MS onset have occurred.4–6

Based on limited available safety data, DMT-treated 
women considering pregnancy are generally recom-
mended to stop DMT before conception, although some 

DMTs including beta-interferon, glatiramer acetate, 
natalizumab, and azathioprine may be maintained dur-
ing pregnancy if disease activity requires it. 
Teriflunomide, fingolimod, cladribine, mitoxantrone, 
cyclophosphamide, mycophenolate mofetil, methotrex-
ate, and biotin are contraindicated during pregnancy, 
whereas dimethyl fumarate and anti-CD20 are not rec-
ommended. Change or discontinuation of DMT before 
or during pregnancy should be individually adapted to 
women’s age, severity of disability, and benefits and 
risks of continuing or discontinuing DMT.7–9

Since the 2010s, the number of pregnancies exposed 
to MS DMT has increased over time in various 
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countries.10–12 However, most reports on the use of 
DMTs during pregnancy focused on specific sub-
populations of pregnant women with MS or on spe-
cific DMTs, and only few large-scale studies are 
available, especially on the use of the most recent 
DMTs.11,13,14 In addition, to date only few studies 
have assessed changes in DMT use around the time 
of pregnancy.11,12,15

This study aimed to assess the level and characteristics 
of all available MS DMTs use during pregnancy in 
France and their evolution over the period 2010–2021, 
and to describe changes in DMT use before, during, 
and after pregnancy in a large-scale, population-based, 
nationwide study.

Material and methods

Data source and information available
This comprehensive population-based study was per-
formed using the National Mother–Child Register 
EPI-MERES, built from the French National Health 
Data System (Système National des Données de 
Santé, SNDS) covering 99% of the population. Data 
of the EPI-MERES Register were previously used to 
conduct pharmacoepidemiological studies.16–23

Study population
The study included all pregnancies ended between 1 
April 2010 and 31 December 2021 in women aged 
15–49 years. Pregnancies were considered to occur 
among MS-affected women if MS was identified 
before or during pregnancy. MS cases were identified 
based either on a diagnosis of MS (International 
Classification of Disease, 10th Revision (ICD-10) 
code G35) coded as the reason of hospitalization, 
long-term disease (LTD), disability or long-term sick-
ness absence, or on a reimbursement for MS-specific 
DMT including beta-interferon, glatiramer acetate, 
teriflunomide, dimethyl fumarate, fingolimod, natali-
zumab, ocrelizumab, cladribine, and ofatumumab. 
The date of MS identification corresponded to the ear-
liest date of MS diagnosis or DMT reimbursement.

Use of MS DMTs before, during, and after 
pregnancy
All MS-specific DMTs commercialized in France 
before 31 December 2021, listed above, were consid-
ered, as well as biotin which obtained a temporary 
use authorization for progressive MS between 2016 
and 2020. Additional treatments prescribed off-label 
for MS (i.e. azathioprine, mycophenolate mofetil, 

methotrexate, and rituximab), while not used to iden-
tify MS-population, were considered as MS DMTs in 
women without any other comorbidity potentially 
motivating such treatments. Ocrelizumab and rituxi-
mab were grouped in a single “anti-CD20” category.

Exposure to MS DMTs was assessed, based on reim-
bursement dates, during each trimester (i.e. 91-day 
periods) between 6 months before and 6 months after 
pregnancy: the two trimesters before pregnancy 
(Trim-2 and Trim-1), the three trimesters of preg-
nancy (Trim1, Trim2, and Trim3), and the two trimes-
ters after the end of pregnancy (Trim+1 and Trim+2). 
Pre-pregnancy anti-CD20 exposure was assessed by 
considering the two semesters (i.e. 182-day periods) 
before pregnancy (Sem-2 and Sem-1) as they are 
administered every 6 months. A trimester or semester 
was considered exposed if at least one dispensation of 
MS DMT occurred during the period. A pregnancy 
was considered exposed if at least one reimbursement 
of MS DMT occurred within the 30 days before the 
beginning of pregnancy and/or during pregnancy.

Characteristics of MS DMT use during pregnancy 
included timing of exposure (until the first trimester 
only; first trimester and after; second and/or third tri-
mester only), number of DMT dispensations, and pre-
scribers’ type of practice and specialty (for private 
practitioners). Among pregnancies of women who 
were on DMT during Trim-2, DMT discontinuation 
was defined as the absence of any DMT dispensation 
during at least 70 days (i.e. twice the period covered 
by a dispensation plus a grace period of 5 days per 
month) for DMTs dispensed monthly, and during at 
least 212 days (i.e. the period covered by a dispensa-
tion plus a 30-day grace period) for anti-CD20; DMT 
switch was defined as the dispensation of a new DMT 
within 70 days (212 days, respectively) of the last dis-
pensation of a previously used DMT.

Maternal and pregnancy characteristics
Maternal characteristics at pregnancy start included 
age and level of resources categorized according to 
affiliation to complementary universal health insur-
ance (CMUc, which provides access to free health-
care for people with low income in France) and, for 
those not affiliated to CMUc, the amount of their sal-
ary. Pregnancy characteristics included the use of any 
assisted reproductive technology (ART), folic acid 
reimbursement, pregnancy-related hospitalizations, 
pregnancy outcome, mode and clinical setting of 
delivery, if any, and pregnancy term. For pregnancies 
of women with MS, additional information included 
MS-related hospitalizations during pregnancy and 
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MS severity at the time of pregnancy start, assessed 
by the existence of a functional impairment and the 
use of a second-line DMT.

Statistical analysis
Annual numbers of pregnancies in women with MS, 
whether exposed to DMT or not, and of those in 
women without MS were reported over the study 
period. Maternal and pregnancy characteristics and 
DMT use during pregnancy were described, overall 
and by sub-periods (2010–2012, 2013–2015, 2016–
2018, and 2019–2021). Among pregnancies of 
women who were on DMT during Trim-2, DMT use 
was assessed during each trimester between Trim-2 
and Trim+2, and DMT use in Trim+2 was described 
as compared to that in Trim-2. DMT switches and 
discontinuations before and during pregnancy were 
described overall and by sub-period, and their cor-
relates were identified using a multinomial logistic 
regression model including period of pregnancy 
end, maternal age and level of resources, use of 
ART, line of DMT used during Trim-2, and func-
tional impairment.

All analyses were performed using SAS Enterprise 
Guide software, version 7.15. The Sankey diagram 
was built using SankeyMatic.

Results

Study population
Among a total of 11,891,167 pregnancies ended 
between 1 April 2010 and 31 December 2021, 20,567 
occurred in 13,747 women with MS. Of these 20,567 
pregnancies, 8664 (42.1%) occurred in women who 
were on MS DMT during Trim-2 and 7587 (36.9%) 
were exposed to at least one DMT. The annual number 
of DMT-exposed pregnancies increased over time from 
247 (accounting for 21.4% of pregnancies in women 
with MS overall) between April and December 2010 to 
833 (43.8%) in 2021 (Supplemental Figure S1).

Among the 13,747 women with MS and at least one 
pregnancy over the period, 53.4% had one pregnancy, 
30.7% had two, and 15.9% had three or more. Median 
age at MS identification was 27 years. At the time of 
pregnancy start, median time since MS identification 
was 4 years overall, with an increasing trend over time 
from 3 years in 2010–2012 to 5 years in 2019–2021. 
The frequencies of functional impairment and use of 
a second-line DMT before pregnancy reached 19.6% 
and 15.9% overall, respectively, and showed increases 
over time (Supplemental Table S1).

MS DMT exposure during pregnancy
Overall, among the 7587 pregnancies exposed to at 
least one DMT between 2010 and 2021, 2947 (38.8%) 
were exposed to beta-interferon, 1984 (26.1%) to 
glatiramer acetate, 1374 (18.1%) to natalizumab, 733 
(9.7%) to dimethyl fumarate, 425 (5.6%) to fingoli-
mod, 192 (2.5%) to teriflunomide, 74 (1.0%) to an 
anti-CD20, 114 (1.5%) to azathioprine, and 10 (0.1%) 
to other DMTs (mycophenolate mofetil, methotrex-
ate, or biotin). The numbers of pregnancies exposed 
to glatiramer acetate, natalizumab, dimethyl fuma-
rate, and anti-CD20 steadily increased over time to 
694, 565, 393, and 57, respectively, in 2019–2021, 
whereas those exposed to beta-interferon peaked at 
982 in 2013–2015 before decreasing to 537 in 2019–
2021. The number of pregnancies exposed to fingoli-
mod and teriflunomide remained steady over the 
recent years, reaching 148 and 95, respectively, in 
2019–2021 (Figure 1 and Supplemental Table S2).

Maternal and pregnancy characteristics in 
women with and without MS
Compared to pregnancies of women without MS, 
those of women with MS were characterized by an 
older maternal age (32 years vs 29 years in median) 
and a higher socioeconomic status (CMUc beneficiar-
ies: 7.3% vs 13.2%; salary of 2000€/month or more: 
22.8% vs 19.0%) (Table 1). ART was used in 3.4% of 
pregnancies of women with MS (vs 2.2% in those 
without MS) and folic acid supplementation in 42.6% 
(vs 33.0%). These proportions increased over time, 
especially among DMT-exposed pregnancies 
(Supplemental Table S3). Compared to pregnancies 
of women without MS, DMT-exposed pregnancies 
were more frequently early terminated (19.8%)—
especially those exposed to fingolimod (50.1%), teri-
flunomide (57.3%), anti-CD20 (48.6%), and dimethyl 
fumarate (28.8%)—but the rate of elective/therapeu-
tic termination decreased over time to a level close to 
that of DMT-unexposed pregnancies in 2019–2021 
(18.8% vs 18.5%). Among pregnancies ended in a 
delivery, cesarean section and premature birth were 
more frequent in pregnancies of women with MS 
compared to those without (21.7% vs 20.8% and 
8.4% vs 6.7%, respectively). The rate of prematurity 
decreased over time, especially for DMT-exposed 
pregnancies.

Characteristics of MS DMT use during pregnancy
Exposed pregnancies were mostly exposed to a single 
type of DMT (96.6%) and until the first trimester of 
pregnancy at most (80.7%, of which 23.2% were 
exposed during the 30 days before pregnancy only). 
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The mean number of DMTs dispensations during 
pregnancy reached 2.7 overall, increasing from 2.1 in 
2010–2012 to 3.3 in 2019–2021. MS DMTs used dur-
ing pregnancy were mostly prescribed by hospital 
practitioners (81.2%) (Table 2).

Changes in MS DMT before, during, and after 
pregnancy
Figure 2 shows the changes in MS DMT during each 
trimester between Trim-2 and Trim+2 for the 8664 
pregnancies of women treated in Trim-2. Between 
Trim-2 and the end of pregnancy, a large majority of 
these pregnancies (78.0%) underwent at least one period 
of DMT discontinuation, and in 7.6%, the DMT used 
during Trim-2 was switched to another, while it was con-
tinuously maintained in 19.5% (Table 3).

Discontinuations were particularly frequent for aza-
thioprine (89.4%) and beta-interferon (82.2%) 
(Supplemental Table S4); they mainly occurred dur-
ing the first trimester of pregnancy (58.3%) or before 
pregnancy start (33.0%), and their frequency 
decreased over time from 84.0% in 2010–2012 to 
72.4% in 2019–2021. Switches were particularly fre-
quent for fingolimod (20.4%), teriflunomide (14.8%), 
dimethyl fumarate (12.8%), natalizumab (11.0%), 

and anti-CD20 (9.7%); they generally occurred before 
pregnancy start (77.0%) or during the first trimester 
of pregnancy (17.8%), mainly toward glatiramer ace-
tate (38.3%), beta-interferon (24.7%), and natali-
zumab (15.2%). Switches occurred in an increasing 
proportion of pregnancies over time from 3.4% in 
2010–2012 to 10.4% in 2019–2021. Accounting for 
the period of pregnancy end, maternal age ⩾ 35 years, 
and low level of resources were associated with 
decreased odds of discontinuation (adjusted odds 
ratio (aOR) = 0.57 (0.48–0.67) and 0.26 (0.20-0.35), 
respectively) and switch (aOR = 0.46 (0.35–0.61) and 
0.33 (0.22–0.51), respectively), while the use of a 
second-line DMT during Trim-2 was associated with 
a decreased odds of discontinuation (aOR = 0.71 
(0.62–0.80)) but increased odds of switch (aOR = 1.77 
(1.45–2.16)) (Supplemental Table S5).

After the end of pregnancy, DMT was mostly resumed 
by the time of Trim+2 (79.1%). The DMT used in 
Trim+2 was generally the same as that used in Trim-2 
(60.6%), particularly for fingolimod (70.6%), natali-
zumab (73.9%), and anti-CD20 (73.6%), whereas 
women treated with beta-interferon, glatiramer ace-
tate, teriflunomide, or dimethyl fumarate in Trim-2 
were more likely to use a different DMT or no DMT 
in Trim+2 (Table 4).

Figure 1.  Annual number of MS DMT-exposed pregnancies ended between 1 April 2010 and 31 December 2021, by 
type of DMT.
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Discussion
This study provides a comprehensive, detailed char-
acterization of MS DMTs use during pregnancy and 
its evolution over the last decade at the national scale 
in France. Given the particularly evolving context of 
MS management and new DMTs marketing, these 

results provide useful information for health authori-
ties, health professionals, and people with MS.

Our findings highlight major changes in pregnancy 
opportunities and management among women with 
MS over the past decade in France. First, the 

Table 1.  Maternal and pregnancy characteristics of pregnancies ended between 2010 and 2021 in women with MS, 
overall and according to DMT exposure during pregnancy, and in women without MS.

Non-MS 
(N = 11,870,600)

MS

  Overall 
(N = 20,567)

MS DMT-
unexposed 
(N = 12,980)

MS DMT-
exposed 
(N = 7587)

Age (years)

  Median [IQR] 29 [25–33] 32 [28–35] 32 [28–35] 31 [28–35]

Level of resources

  CMUc 1,564,922 (13.2) 1496 (7.3) 1029 (7.9) 467 (6.2)

 � No CMUc, salary < 2000€/
month

2,258,597 (19.0) 3976 (19.3) 2531 (19.5) 1445 (19.0)

 � No CMUc, salary ⩾ 2000€/
month

2,259,850 (19.0) 4681 (22.8) 2934 (22.6) 1747 (23.0)

  No CMUc, unknown salary 5,787,231 (48.7) 10,414 (50.6) 6486 (49.9) 3928 (51.8)

Assisted reproduction 262,789 (2.2) 692 (3.4) 471 (3.6) 221 (2.9)

Folic acid dispensationa 3,916,317 (33.0) 8769 (42.6) 5352 (41.2) 3417 (45.0)

Pregnancy-related hospitalization

  0 10,242,462 (86.3) 17,370 (84.5) 10,942 (84.3) 6428 (84.7)

  ⩾1 1,628,138 (13.7) 3197 (15.5) 2038 (15.7) 1159 (15.3)

MS-related hospitalization during pregnancy

  0 – 19,100 (92.9) 12,285 (94.6) 6815 (89.8)

  ⩾1 – 1467 (7.1) 695 (5.4) 772 (10.2)

Pregnancy outcome

  Live birth 8,777,791 (73.9) 15,320 (74.5) 9794 (75.5) 5526 (72.8)

  Stillbirth 46,300 (0.4) 80 (0.4) 57 (0.4) 23 (0.3)

  Therapeutic abortion ⩾ 22 weeks 37,206 (0.3) 67 (0.3) 45 (0.3) 22 (0.3)

 � Elective/therapeutic 
abortion < 22 weeks

2,280,496 (19.2) 3571 (17.4) 2066 (15.9) 1505 (19.8)

  Spontaneous abortion 448,429 (3.8) 924 (4.5) 620 (4.8) 304 (4.0)

  Others 280,378 (2.3) 605 (3.0) 398 (3.0) 207 (2.8)

Cesarean sectionb 1,833,650 (20.8) 3336 (21.7) 2208 (22.4) 1128 (20.3)

Clinical setting of deliveryb

  University hospital 1,712,131 (19.4) 3843 (25.0) 2332 (23.7) 1511 (27.2)

  General hospital 4,927,575 (55.8) 8097 (52.6) 5183 (52.6) 2914 (52.5)

  Private hospital 2,171,400 (24.6) 3445 (22.4) 2322 (23.6) 1123 (20.2)

  Outpatient 12,985 (0.1) 15 (0.1) 14 (0.1) 1 (0.0)

Pregnancy term at deliveryb

  Full-term (⩾37 weeks) 8,239,498 (93.4) 14,118 (91.7) 9046 (91.8) 5072 (91.4)

  Preterm (<37 weeks) 481,076 (5.5) 1058 (6.9) 656 (6.7) 402 (7.2)

  Very preterm (<32 weeks) 103,517 (1.2) 224 (1.5) 149 (1.5) 75 (1.4)

MS: multiple sclerosis; DMT: disease-modifying therapy; IQR: interquartile range; CMUc: complementary universal health 
insurance allowing access to free health care for people with low income.
aBetween 2 months before and 3 months after the beginning of pregnancy.
bAmong pregnancies ended in live birth or stillbirth.
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Table 2.  Characteristics of MS DMT use during pregnancy among pregnancies ended between 2010 and 2021 in women 
with MS, overall and by sub-periods.

Overall 
(N = 7587)

By sub-periods

  2010–2012 
(N = 1079)

2013–2015 
(N = 1854)

2016–2018 
(N = 2241)

2019–2021 
(N = 2413)

Number of DMT types reimburseda

  1 7327 (96.6) 1069 (99.1) 1811 (97.7) 2142 (95.6) 2305 (95.5)

  ⩾2 260 (3.4) 10 (0.9) 43 (2.3) 99 (4.4) 108 (4.4)

Period of exposure to DMTs

  Until the first trimester only 6119 (80.7) 955 (88.5) 1629 (87.9) 1821 (81.3) 1714 (71.0)

  First trimester and after 1277 (16.8) 76 (7.0) 193 (10.4) 367 (16.4) 641 (26.6)

 � Second and/or third 
trimester only

191 (2.5) 48 (4.4) 32 (1.7) 53 (2.4) 58 (2.4)

Number of DMTs dispensationsa

  Mean ± SD 2.7 ± 2.3 2.1 ± 1.5 2.3 ± 1.8 2.6 ± 2.3 3.3 ± 2.9

Prescribers

  Hospital practitioner 6162 (81.2) 763 (70.7) 1321 (71.3) 1875 (83.7) 2194 (90.9)

  Private practitioner

    General practitioner 282 (3.7) 33 (3.1) 65 (3.5) 90 (4.0) 94 (3.9)

    Neurologist 1912 (25.2) 317 (29.4) 529 (28.5) 555 (24.8) 511 (21.2)
    Other specialties 209 (2.8) 22 (2.0) 41 (2.2) 63 (2.8) 83 (3.4)

MS: multiple sclerosis; DMT: disease-modifying therapy; SD: standard deviation.
aBetween 30 days before pregnancy start and the end of pregnancy.

Figure 2.  DMT use before, during, and after pregnancy among pregnancies ended between 2010 and 2021 in women 
who were on DMT during trimester-2.
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number of pregnancies in women with MS has 
markedly increased (+24% between 2010–2012 
and 2019–2021) as a result of a dramatic rise in 
pregnancies in women using DMT during preg-
nancy (+124%), while those in women untreated 
throughout pregnancy have slightly decreased 
(−8%). In a context of stable MS incidence and 
increasing DMTs availability over the period, these 
trends likely reflect changes in treatment strategy 
toward an earlier initiation of DMT after MS diag-
nosis to reduce long-term disability.24 In addition, 
our results suggest that the advent of more and more 
powerful DMTs has also benefited to pregnancy 
plans of women with a long-standing and/or 
advanced MS, as reflected by increasing MS dura-
tion and frequencies of functional impairment and 
history of a second-line DMT over time among 
women with MS initiating a pregnancy. However, 
the marked increase in use of second-line DMTs 
(+16%) as compared to trend in functional impair-
ment (+1.2%) suggests that these DMTs, especially 
natalizumab, may actually also be used for less 
active forms of MS.

Moreover, our results highlight significant changes in 
the management of DMT-exposed pregnancies over 
the last decade. Indeed, whereas in the early 2010s, 
early pregnancy termination in women with MS was 
almost twice as frequent in DMT-exposed pregnan-
cies as in those unexposed; more recently, it has 
become less so, as suggested by similar rates of elec-
tive/therapeutic abortions in 2019–2021 among DMT-
exposed and unexposed pregnancies of women with 
MS. This evolution probably reflects a decrease in 
prescribers’ and patients’ concerns about DMT safety 
during pregnancy, as data on their use in pregnant 
women have accumulated. Meanwhile, folic acid sup-
plementation markedly increased and became more 
frequent for DMT-exposed than unexposed pregnan-
cies, suggesting particularly close monitoring of these 
exposed pregnancies (especially as figures based on 
reimbursement data may be underestimated due to 
over-the-counter folic acid dispensations).

As reported in other settings and time periods,11,12,25,26 
in France, between 2010 and 2021, MS treatments 
used during pregnancy were mostly limited to DMTs 

Table 3.  DMT switches and discontinuations before and during pregnancy among pregnancies ended between 2010 and 
2021 in women who were on DMT during trimester-2, overall and by sub-periods.

Overall 
(N = 8664)

By sub-periods

  2010–2012 
(N = 1392)

2013–2015 
(N = 2083)

2016–2018 
(N = 2487)

2019–2021 
(N = 2702)

Pregnancies with at least one DMT 
switch, n (%)

661 (7.6) 48 (3.4) 114 (5.5) 219 (8.8) 280 (10.4)

Total number of DMT switches 762 49 139 250 324

Trimester of DMT switch, n (%)

  Trimester-2a 245 (32.2) 15 (30.6) 44 (31.7) 73 (29.2) 113 (34.9)

  Trimester-1b 341 (44.8) 28 (57.1) 70 (50.4) 102 (40.8) 141 (43.5)

  First trimester 136 (17.8) 6 (12.2) 21 (15.1) 64 (25.6) 45 (13.9)

  Second trimester 28 (3.7) 0 (0.0) 3 (2.2) 6 (2.4) 19 (5.9)

  Third trimester 12 (1.6) 0 (0.0) 1 (0.7) 5 (2.0) 6 (1.9)

Pregnancies with at least one DMT 
discontinuation, n (%)

6754 (78.0) 1169 (84.0) 1692 (81.2) 1937 (77.9) 1956 (72.4)

Total number of DMT discontinuations 7385 1286 1816 2138 2145

Trimester of DMT discontinuation, n (%)

  Trimester-2a 911 (12.3) 227 (17.6) 207 (11.4) 248 (11.6) 229 (10.7)

  Trimester-1b 1525 (20.7) 366 (28.5) 333 (18.3) 414 (19.4) 412 (19.2)

  First trimester 4309 (58.3) 653 (50.7) 1192 (65.6) 1313 (61.4) 1151 (53.7)

  Second trimester 385 (5.2) 29 (2.3) 63 (3.5) 104 (4.9) 189 (8.8)

  Third trimester 255 (3.5) 11 (0.9) 21 (1.2) 59 (2.8) 164 (7.6)
Pregnancies without any DMT switch 
or discontinuation, n (%)

1689 (19.5) 213 (15.3) 365 (17.5) 472 (19.0) 639 (23.6)

DMT: disease-modifying therapy.
aSemester-2 for ocrelizumab and rituximab.
bSemester-1 for ocrelizumab and rituximab.
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for which available safety data do not support use 
restrictions during pregnancy (i.e. beta-interferon, 
glatiramer acetate, natalizumab, and azathioprine, 
which altogether accounted for almost 85% of all 
exposed pregnancies over the study period) and to the 
first trimester of pregnancy only (>80%). Our results 
show that this results from the widespread discontinu-
ation of DMT—particularly first-line DMTs—and, to 
a lesser extent, the switch from DMTs whose use is 
restricted during pregnancy toward others with a less 
concerning safety profile regarding pregnancy. In 
addition, by showing that such changes among women 
treated prior to pregnancy generally occur in the few 
months preceding pregnancy or during the first tri-
mester of pregnancy, our findings provide evidence of 
actual adaptations of the therapeutic management of 
MS to a project of pregnancy or to pregnancy onset in 
real life. Our finding that older and socioeconomi-
cally disadvantaged women are less likely than the 
others to undergo DMT switch or discontinuation dur-
ing pregnancy deserves further investigations.

Although these findings apply to the whole period 
between 2010 and 2021, we found that the proportion 
of pregnancies with DMT discontinuation substan-
tially decreased over time. Considering the concomi-
tant decrease in early pregnancy termination rates 
mentioned above, such a trend may not be attributed 
to a shortening of pregnancies duration, but rather 
results from changes in DMT use guidelines during 
pregnancy occurred in the 2010s (i.e. removal of the 

warnings regarding the use during pregnancy of glati-
ramer acetate in 2016 and of beta-interferon in 2019, 
as well as recommendations to lessen restrictions on 
the use of natalizumab during the first two trimesters 
of pregnancy in case of active MS7–9) and from the 
evolving profile of pregnant women with MS toward 
patients with a more active and/or advanced disease. 
In contrast, among women previously using contrain-
dicated (i.e. fingolimod and teriflunomide) or non-
recommended (i.e. dimethyl fumarate and anti-CD20) 
DMTs during pregnancy, switching to avoid preg-
nancy exposure increased over time. Even so, a total 
of 617 and 807 pregnancies were identified as exposed 
to a contraindicated or a non-recommended DMT, 
respectively, between 2010 and 2021 in France, prob-
ably as a result of accidental treatment continuation 
during unplanned or undiagnosed pregnancy27,28 or 
the lack of information on safety concerns.29,30 Among 
these pregnancies, the termination rate was high 
(around one in two for those exposed to fingolimod, 
teriflunomide, or anti-CD20 and one in three to four 
for those exposed to dimethyl fumarate).

This study was based on the National Mother–Child 
EPI-MERES Register, which contains comprehensive 
information on medication use and patients and preg-
nancies characteristics at the scale of over 12 million 
pregnancies, that is, almost all pregnancies occurred 
in France between 2010 and 2021, regardless of their 
outcome. Thus, the study findings provide a detailed 
picture of the therapeutic management of pregnant 

Table 4.  DMT use in Trim+2 as compared to that in Trim-2 among pregnancies ended between 2010 and 2021 in 
women who were on DMT during trimester-2.

DMTs used during trimester+2a Total

  Same DMT Different DMT No DMT

DMTs used during trimester-2b

  Beta-interferon 1796 (56.5) 632 (19.9) 749 (23.6) 3177 (100.0)

  Glatiramer acetate 983 (53.0) 444 (24.0) 426 (23.0) 1853 (100.0)

  Teriflunomide 155 (53.3) 53 (18.2) 83 (28.5) 291 (100.0)

  Dimethyl fumarate 587 (62.4) 143 (15.2) 210 (22.3) 940 (100.0)

  Fingolimod 463 (70.6) 104 (15.9) 89 (13.6) 656 (100.0)

  Natalizumab 1031 (73.9) 204 (14.6) 161 (11.5) 1396 (100.0)

  Anti-CD20c 159 (73.6) 7 (3.2) 50 (23.1) 216 (100.0)

  Azathioprine 62 (59.6) 11 (10.6) 31 (29.8) 104 (100.0)

  Other DMTsd 15 (48.3) 2 (6.2) 14 (45.2) 31 (100.0)
  Total 5251 (60.6) 1600 (18.5) 1813 (20.9) 8664 (100.0)

DMT: disease-modifying therapy.
aDuring trimester+1 and trimester+2 for anti-CD20.
bSemester-2 for anti-CD20.
cOcrelizumab and rituximab.
dMycophenolate mofetil, methotrexate, and biotin.
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women with MS at the national level and its evolution 
over the past decade, a period marked by dramatic 
changes in MS therapeutic management. As such, 
they provide new insights into the use of MS DMTs in 
real life, including the most recent ones for which 
data have remained limited until now.

Despite these strengths, this study has some limita-
tions. First, in the absence of clinical data available, 
women with MS could be identified if MS was the 
cause of hospitalization, LTD, disability or long-term 
sick leave, or if an MS-specific DMT was imple-
mented, suggesting that some cases, especially the 
most benign forms, could have been missed. However, 
the number of cases identified is consistent with fig-
ures previously reported in France.25,31,32 Second, 
information was lacking on key neurological param-
eters such as MS relapses or Expanded Disability 
Status Scale (EDSS) score, which constitute strong 
determinants of the choices of DMT type and of 
switching or discontinuing treatment during preg-
nancy. However, information on disease duration was 
available, and functional impairment and history of 
second-line DMT were used as proxies of disease 
severity. Third, for DMTs not administered in hospi-
tal, information on the actual consumption of reim-
bursed drugs is lacking, which may have led to 
overestimate the number of exposed pregnancies and/
or the duration of exposure. However, DMT dispensa-
tions were generally repeated during exposed preg-
nancies (2.7 dispensations on average), suggesting 
that the treatments dispensed were probably actually 
used. Fourth, since information on the use of alemtu-
zumab, mitoxantrone, and cyclophosphamide was not 
available, the overall number of pregnancies DMTs-
exposed may have been slightly underestimated. 
However, the use of these DMTs for MS management 
had remained limited in France by 2022.33

In conclusion, this study highlights a form of normali-
zation of pregnancy in women with MS that has 
occurred over the last decade with the advent of new 
DMTs. In this context, exposure during pregnancy to 
treatments whose safety profile has not yet been 
clearly established has increased sharply. These find-
ings call for vigilance and for further studies to 
improve knowledge on the risk profile of these treat-
ments for pregnant women and their exposed chil-
dren, particularly for the most recent DMTs for which 
the available information is limited.
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