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Abstract

Background and Objectives

Older studies reported an increased risk of relapse after in vitro fertilization (IVF) in women
with multiple sclerosis (MS), which has not been confirmed by more recent works. All these
studies had several limitations, such as small sample sizes, absence of a control population, or
lack of neurologic validation of the relapses. The aim of this study was to determine the risk of
relapse after IVF in women with MS.

Methods

This retrospective cohort study included all women with MS who underwent IVF between
2009 and 2019 and a control group of women with MS who did not undergo IVF matched on
age, MS duration, number of relapses, and MS-specific treatments in the previous year. Data on
MS (disease duration, treatments, and relapses) were from the French MS Registry (OFSEP),
whereas data on IVF (number of procedures, stimulation protocol type, and outcomes) were
from the French national health insurance database. For this, the 2 databases were linked by
indirect matching.

Results

In total, 115 women with MS underwent 199 IVF procedures (mean age at first IVF: 33.9 + 4.0
years; 45.2% had >2 IVF procedures), and 175 IVFs (88.0%) could be matched to specific
patients. The risk of relapse in the 3 months after index date was the same in both IVF group
and control group (0.06 relapse per patient-year), as confirmed also by the before-after analysis
in the IVF group (0.06 vs 0.08).

*These authors contributed equally to this work as co-senior authors.
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Glossary

ARR = annualized relapse rate; ART = assisted reproductive technology; CNIL = Commission Nationale Informatique et
Libertés; DMT = disease-modifying therapy; GnRH = gonadotrophin-releasing hormone; IVF = in vitro fertilization; MS =
multiple sclerosis; OFSEP = Observatoire Frangais de la Sclérose En Plaques; SNDS = Systéme National des Données de Santé.

Discussion

This study, using a 10-year clinical and administrative dataset, did not find any increased risk of relapse after IVF. The
maintenance of disease-modifying therapies until IVF was a determining factor in reducing the risk of relapse.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease of
the CNS that primarily affects women and usually starts in
young adulthood." MS-specific disease-modifying therapies
(DMTs) play a crucial role in reducing the risk of relapse and
slowing disability progression.z’3 Moreover, pregnancy
decreases relapse occurrence, especially in the second and

third trimesters.*>¢

Assisted reproductive technologies (ART), such as
in vitro fertilization (IVF), are medical procedures used
primarily to address infertility.” IVF procedures generally
begin with ovarian stimulation, using gonadotrophin-
releasing hormone (GnRH) analogs that may be agonists
or antagonists.g’9 To increase the chances of success,
several embryo transfers can be performed after the same
IVE cycle (>1 frozen embryos after the initial fresh
transfer).

Few studies investigated the risk of MS relapse after IVF.
The first ones'®'* (between 2006 and 2012) showed an
increase in the annualized relapse rate (ARR) after IVF. In
2019, an American study15 reported a nonsignificant differ-
ence in ARR after ART compared with control periods in 12
women with MS who underwent 22 ART cycles. All these
studies had several limitations, especially small sample sizes
(N = 6 to 32), risk of recruitment bias, and lack of control
population. Recently, 2 studies,'®"” including one from our
group, with larger sample sizes (N = 65 and 225 women with
MS, respectively) did not find any increased risk of relapse
after IVE. All these studies'®'” used a before/after intra-
group comparison.

Therefore, the main objective of this study was to investigate
the risk of relapse after IVF in women with MS, overall and
according to the stimulation protocol (GnRH agonists and
antagonists), using data from the French MS Registry
(Observatoire Frangais de la Sclérose En Plaques; OFSEP)
linked to the French national health insurance database
(Systeme National des Données de Santé; SNDS). To
strengthen the evidence robustness, we included also
a matched control group of women with MS who never
had IVE.
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Methods
Study Design and Study Population

In this retrospective cohort study, we compared women with
MS who underwent IVF and a control group of women with
MS who did not undergo IVF.

We identified all women of childbearing age (15-49 years)
with MS present in the OFSEP database from January 1,2009,
to December 31, 2019. We included in the IVF group only
women who underwent IVF followed by at least 1 embryo
transfer during the study period.

Data Source

OFSEP is the national registry that collects clinical data on
patients with MS followed at expert centers in France'®
(~69,000 patients in December 2020). Clinical and imaging
data are retrospectively collected at the time of the first visit
and then prospectively at the routine follow-up visits, usually
once per year, using the dedicated European Database for
Multiple Sclerosis software.'®

The SNDS database®® covers 98% of the French population
regardless of age or socioeconomic status. It prospectively
collects exhaustive anonymous individual data on the re-
imbursement of ambulatory activities (e.g., consultations and
drug prescriptions) and hospital activities (all public and pri-
vate hospitals). Each individual has a unique lifelong identifier,
and the database includes the following information: sex, year
of birth, insurance scheme (general scheme and specific in-
surance schemes for agricultural workers, self-employed peo-
ple, and others), and long-term disease status (which allows
100% reimbursement), coded using the International Classifi-
cation of Diseases, 10th Revision (ICD-10) codes and the cor-
responding starting year, if applicable.

As the 2 databases do not use the same unique identifier, we
linked the OFSEP and SNDS databases by indirect matching,
i.e., by combining several patient variables (such as sex, date of
birth, date of death, department of residence, hospitalizations,
treatments, and consultations) to create a unique key that
allowed joining the databases. This procedure allowed
matching 42,603 of the 52,034 eligible patients in the OFSEP
database (matching rate = 81.9%), including 23,056 women.
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Clinical data from the OFSEP database provided precise in-
formation on MS (e.g., date of MS onset and relapses, and
DMT use), and administrative data from the SNDS gave ac-
cess to non-MS data (e.g, IVF, stimulation protocols, and
pregnancies).

IVF and Ovarian Stimulation Protocols

In the SNDS database, we considered the following proce-
dures: embryo transfer (codes: JSEC001 and JSEDOO1),
ovulation induction (code: YYYY032), embryo warming
(code: 0083), and embryo thawing (code: 0063). We
searched for both standard IVF (code: 0060) and intra-
cytoplasmic sperm injection (code: 0061). The date of IVF
corresponds to the date of fertilization. We excluded IVF
procedures performed after October 1, 2019, because data on
the 3-month post-IVF were not available. Over the study
period, women could have had more than 1 IVF cycle with
different outcomes (i.e., number of IVF procedures, transfers,
and pregnancies).

Each IVF procedure included an initial stage of ovarian
stimulation using GnRH agonists (nafarelin acetate and
triptorelin) or antagonists (ganirelix and cetrorelix),”" iden-
tified in the database using the drug claims.

Control Group

We matched 1:1 women with MS who underwent IVF to
women with MS not exposed to IVF based on age, MS du-
ration, number of relapses in the previous year, and use of
DMTs (no, moderately, or highly active) in the previous year.
The index date was the IVF date of the matched IVF-exposed
woman to obtain comparable follow-up periods. Matching on
the number of relapses and DMT in the year before the index
date was very strict, while matching on age and MS duration
was more flexible, if needed. For women with several IVF
procedures, we kept the same controls after checking that they
remained matchable.

Outcomes

The event of interest was relapse occurrence, defined as the
appearance of new symptoms or reappearance or worsening
of preexisting symptoms for at least 24 hours that occurred
without fever at least 30 days after a previous relapse.”>** We
extracted relapse information only from the OFSEP database
because in this database, all relapses are validated by a neu-
rologist (versus algorithm-based detection in the SNDS).

We considered 2 outcomes: the relapse rate in the 3-month
post-IVE (ARR) (primary outcome) and the percentage of
IVF procedures where the woman had at least 1 relapse in the
following 3 months (secondary outcome). These outcomes
were compared in the IVF group and control group and also
within the IVF group (before-after IVF comparison in which
each woman was her own control). Moreover, for the intra-
group comparison, we also considered a control 3-month
period 1 year before the IVF procedure because we hypoth-
esized that these women may have been in a better disease

Neurology.org/NN

phase during the IVF procedure (i.e., a period with a lower
risk of relapse). As some women did not have a 1-year follow-
up period before IVF, the study population was smaller when
considering this control period.

Other Data

We considered that an IVF procedure was performed during
DMT exposure (treated women thereafter) if the date of the
IVF procedure was before the treatment end or within the
period still under treatment effect (up to 3 months after the
treatment end).

We considered an IVF procedure as successful if pregnancy
was confirmed less than 14 days after embryo transfer, re-
gardless of the pregnancy outcome. Outside this period, we
considered that the pregnancy was spontaneous. We identi-
fied pregnancy through its outcome and calculated the start of
pregnancy using a specific algorithm.** We considered birth as
premature if the pregnancy lasted <37 weeks.

To evaluate temporal trends, we divided the study period into
2 subperiods: 2009-2014 and 2015-2019. This choice was
based on DMT availability and on the types of stimulation
protocols.

Statistical Analyses

We performed descriptive analyses using means * SD for
quantitative variables and proportions for qualitative varia-
bles. We calculated the ARR by dividing the total number of
relapses during the observed period by the sum of the follow-
up time. We compared ARRs between groups using a zero-
inflated Poisson regression because of the low occurrence of
relapses observed in the descriptive analysis. We added an
offset on the follow-up time to obtain the ARR. IVF was the
statistical unit of analysis. As a woman could have undergone
several IVF procedures (repeated measures), we included
a random effect on the woman. We calculated the relapse
incidence rates, incidence rate ratios, and the corresponding
CIs and summarized them in a forest plot.

We used a zero-inflated Poisson regression to compare the
ARR after IVF in the IVF group and control group (in-
tergroup comparisons), and to compare the 3-month periods
before and after IVF (intragroup comparison) and the control
3-month period 1 year before IVF.

We used the McNemar test to compare the percentage of IVF
procedures where a woman had at least 1 relapse in the 2
periods of interest (before/after), followed by a multivariate
logistic regression model.

Finally, we investigated potential prognostic factors of relapse
occurrence in the 3 months after IVF using a logistic re-
gression model.

We adjusted all models for age at IVF and the presence/
absence of DMT at IVF, as well as their level of efficacy,
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categorized as medium or high. We performed subgroup
analyses based on the stimulation protocol (GnRH agonists
vs antagonists), IVF outcome (success vs failure), and treat-
ment status at the time of IVF (treated vs untreated). We
replicated all analyses for both subperiods.

We considered results significant when p < 0.05 and per-
formed all analyses with R (v.4.2.2).

Standard Protocol Approvals, Registrations,
and Patient Consents

Ethical and data access approvals for the study were obtained
according to the current French legislation.

Patients gave their informed consent to store their data in the
OFSEP database and to use them for research in France and
abroad.”® The OFSEP-SNDS linkage was approved by the
French data protection authority (Commission Nationale
Informatique et Libertés CNIL; approval DR-2021-034
obtained on February 4, 2021) and was performed using
medical records of patients who consented. Data were stored
on a secure server at Eskemm Numérique (Rennes, France)
that guarantees all the security requirements.

Data Availability

According to data protection and the French regulation, the
authors cannot publicly release the data from the French
national health data system (SNDS). However, a request for
data reuse may be made and would require prior approval
from the French regulatory authorities.*®

Results

Study Population

Between 2009 and 2019, among the 23,056 eligible women
with MS, 175 women had at least 1 IVF. After excluding those
who did not have at least 1 embryo transfer or had an IVF
procedure after October 1,2019, our study population included
115 women with MS who underwent a total of 199 IVF pro-
cedures during the study period (eFigure 1). Hundred-seven
IVF procedures (53.8%) were performed with a GnRH an-
tagonist and 80 (40.2%) with a GnRH agonist (n = 12, 6.0%,
unknown protocol) (Table 1). Overall, S9 pregnancies (10
spontaneous and 49 IVF pregnancies) occurred in 54 different
women (ie., pregnancy rate of 29.6%). The IVF success rate
was 24.6% (23.8% and 24.3% with an agonist and antagonist
stimulation protocol, respectively). Regarding outcomes, 47
pregnancies (79.7%) resulted in live births (eTable 1). More-
over, 61 IVF procedures (30.7%) were performed in women
taking DMTs or still under DMT effect (n = 57 moderate-
efficacy and n = 4 high-efficacy treatments) (Table 1).

IVF Group vs Control Group Comparisons

Characteristics of the Study Population and Control
Group
Overall, 115 women and 175/199 IVFs (88.0%) could be

matched. The remaining 24 IVFs were not matched because

Neurology: Neuroimmunology & Neuroinflammation

| Volume 12, Number 2

the selected control no longer met the criteria for subsequent
IVFs. As expected, the matching variables were similar in the
control group (n = 115) and IVF group (Table 2). However,
the Expanded Disability Status Scale score at the index date
was higher in the control group than the IVF group (2.1 + 2.1
vs 1.3 £ 1.5) and the relapse rate in the previous year was also
higher (8.0% vs 5.1%).

Intergroup Analysis

The ARR in the 3 months following index date was similar in
the IVF group and the control group (0.06 vs 0.06)
(Figure 1), whatever the stimulation protocol. The relapse
rate after the index date was similar when comparing treated
women in the IVF group (0.04) with those in the control
group (0.04). Among untreated women, the relapse rate was
also comparable between the IVF group (0.07) and the
control group (0.08). Given the higher pregnancy rate in the
IVFE group, due to IVF and ovarian stimulation, we conducted
a subanalysis on nonpregnant women only, confirming similar
results with a nonsignificant p value of 0.857 and an ARR of
0.07 in the IVF group vs 0.08 in the control group.

In the 3 months following index date, 12 women in the IVF
group (6.9%) and 10 women (5.7%) in the control group
experienced at least 1 relapse (p = 0.8). The multivariate
logistic regression analysis also did not find any significant
difference (p = 0.6) in the percentages of women experiencing
a relapse between groups, in agreement with the ARR data.

Intragroup Comparison: Before vs After IVF
The ARRs in the 3 months after and before IVF were not
significantly different (0.08 relapse per patient-year vs 0.06,
respectively), overall and in the different subgroups (stimu-
lation protocol and IVF outcome). Moreover, relapse rates
before and after IVF were comparable, although they
appeared slightly lower in treated women (0.0S before vs 0.07
after) than in untreated women (0.06 before vs 0.08 after).
We found the same findings for the 3-month control period
1 year before IVF. We confirmed the pregnancy protective
effect: in the IVF success subgroup, the ARR decreased from
0.05 to 0.02 in the main analysis and from 0.09 to 0.02 in the
control period.

Regarding the secondary outcome, among the 199 IVF, 14
(7.0%) and 17 (8.5%) were performed in women who had at
least 1 relapse in the 3 months before and after IVF (p = 0.7),
respectively. The multivariate logistic regression did not show
any difference (p = 0.5) in the percentage of women with
a relapse before vs after IVF, which was consistent with the
ARR data.

Factors Linked to Relapse in 3 Months After IVF
In our study population, at least 1 post-IVF relapse was
recorded after 17 (8.5%) of the 199 IVF. In univariate analysis,
relapses in the previous year (p < 0.010), time between IVF
and last MRI (p < 0.001), and MS duration (p < 0.05) were
significantly associated with the risk of relapse (Table 3).
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Table 1 Characteristics of the Study Population (Women
With MS Who Underwent IVF)

With MS Who Underwent IVF) (continued)

Table 1 Characteristics of the Study Population (Women

Patient characteristics (N = 115)

IVF characteristics (N = 199)

MS type (%) Age at IVF (%)
Relapsing-remitting MS 113 (98.3) Mean + SD 344+ 4.2
Primary progressive MS 2(1.7) Median (Q1-Q3) 34 (32-37)
Age at MS onset (%) 23-27y 9 (4.6)
Mean + SD 26.0+54 28-32y 55 (27.6)
Median (Q1-Q3) 26 (22-30) 33-37y 88 (44.2)
14-19y 14(12.2) 38-42y 47 (23.6)
20-24y 32(27.8) Stimulation protocol (%)
25-29y 37(32.2) GnRH agonists 80 (40.2)
30-34y 25(21.7) GnRH antagonists 107 (53.8)
235y 7(6.1) Missing 12 (6.0)
Age at first IVF (%) IVF (%)
Mean + SD 33.9+4.0 With DMT 54 (27.2)
Median (Q1-Q3) 34 (31-37) Glatiramer acetate 27 (13.6)
23-27y 6(5.2) Interferon B 19 (9.6)
28-32y 37(32.2) Natalizumab 4(2.0)
33-37y 50 (43.5) Azathioprine 2(1.0)
38-42y 22(19.1) Dimethyl fumarate 2(1.0)
MS duration at first IVF (%) Still under treatment effect? 6(3.0)
Mean + SD 79149 Interferon B 5(2.5)
Median (Q1-Q3) 7(4-11) Azathioprine 1(0.5)
<5y 32 (27.8) With DMT and still under the effect of another 1(0.5)
treatment
5-9y 41 (35.7)
With azathioprine and still under the effect 1(0.5)
10-14y 35(30.4) of glatiramer acetate
215y 7(6.1) Without DMT 138 (69.3)
Number of IVF procedures during the study period (%) Current DMT or time of DMT withdrawal (%)
1 63 (54.8) Treated at the time of IVF 55 (27.6)
2 31(26.9) Stopped within 3 mo before IVF 6(3.0)
3 13(11.3) Stopped in the 3-6 mo before IVF 9(4.6)
4 7(6.1) Stopped within 6-12 mo before IVF 10 (5.0)
7 1(0.9) Stopped more than 12 mo before IVF or not 119 (59.8)
treated
EDSS score in the 12 mo before IVF (%)
Number of relapses in the y before IVF (%)
0 31(26.9)
144 (72.4)
1-1.5 23 (20.0)
49 (24.6)
2-2.5 8(7.0)
6 (3.0)
3-6 13(11.3)
L. Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Dis-
Missing 40(34.8) ability Status Scale; IVF = in vitro fertilization; MS = multiple sclerosis.
i 2 Up to 3 months after the treatment end.
Continued
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Table 2 Characteristics of the Study Population and

Control Group

Table 2 Characteristics of the Study Population and
Control Group (continued)

Study Control Study Control
population  group population  group
Matching variables 3-10 22 (12.5) 35(20.0)
Age at the index date (%) Missing 60 (34.3) 44 (25.2)
Mean + SD 344+41 340+4.0 Time between index date and last
MRI, y (%)
Median (Q1-Q3) 34 (32-37) 34 (32-37)
Mean + SD 27+29 22+29
22-27y 7 (4.0) 9(5.1)
Median (Q1-Q3) 1.8(0.9-3.3) 0.9(0.4-2.8)
28-32y 50 (28.6) 56 (32.0)
<1y 39 (22.3) 77 (44.0)
33-37y 79 (45.1) 76 (43.5)
1-3y 56 (32.0) 38(21.7)
38-43y 39(22.3) 34 (19.4)
35y 21(12.0) 13 (7.4)
MS duration at the index date (%)
>5y 20(11.4) 22 (12.6)
Mean + SD 7.7 +4.7 7.8+4.8
Missing 39 (22.3) 25(14.3)
Median (Q1-Q3) 7 (4-11) 7 (4-11)
MRI-worsening (%)
<5y 48 (27.4) 49 (28.0)
Unknown or missing 114 (65.1) 100 (57.1)
5-9y 67 (38.3) 61(34.9)
No 33(18.9) 51(29.1)
10-14y 52 (29.7) 56 (32.0)
Yes 28 (16.0) 24 (13.7)
215y 8 (4.6) 9(5.1)
MRI-new lesions (%)
Number of relapses in the y before
the index date (%) Unknown or no or missing 169 (96.6) 173 (98.9)
0 135(77.2) 135(77.2) Yes 6 (3.4) 2(1.1)
1 34(19.4) 34(19.4) MRI-gadolinium-enhancing lesions (%)
22 6(3.4) 6(3.4) Unknown or missing 54 (30.9) 41 (23.4)
DMT in the y before the index date (%) Negative 79 (45.1) 108 (61.7)
None 112(64.0) 112 (64.0) Positive 42 (24.0) 26 (14.9)
asz:lzltmoderate efficacy 59(33.7) 59(33.7) Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Dis-
ability Status Scale; MS = multiple sclerosis.
At least 1 high efficacy treatment 4(2.3) 4(2.3)
Other variables
Number of relapses in the 3 mo before None of these associations remained significant in the mul-
the index date (%) tivariate analysis.
166 (94. 161 (92. . .
0 66(949) 1619200 comparison of Subperiods: 2009-2014
1 9(5.1) 13(7.4) vs 2015-2019
— 0,
2 0(00) 1(06) In the IVF group (n = 115), 76 women (66.1%) underwent at
least 1 IVF procedure between 2009 and 2014 and 56 (48.7%)
EDSS score at the index date (%) between 2015 and 2019. We included in both groups the 17
Mean + SD 13+15 21+2.1 women (14.8%) who had IVF procedures in both subperiods.
Median (Q1-Q3) 1(0-2) 2(1-3) . . .
Age at IVF was not different in the 2 subperiods (34.2 +
0 47(26.9) 30(17.1) 3.9 years between 2009 and 2014 vs 34.6 * 4.5 years between
1-15 36 (20.6) 34(19.4) 2015 and 2019). However, MS duration at IVF was shorter in
the 2015-2019 group (7.7 £ 4.1 years vs 8.3 £ 5.3 years).
2-2.5 10(5.7) 32(18.3) . .
Moreover, women in this group were more often treated or
Continued  still under treatment at IVF time (39.1% vs 25.0%). We
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Figure 1 Relapse Incidence Rates and Incidence Rate Ratios
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observed several differences concerning treatments in the 2
subperiods (Table 4). Women who performed IVF between
2015 and 2019 started treatment at a younger age than those
who performed IVF between 2009 and 2014 (28.7 + 6.4 years
vs 32.5 £ 6.7 years). Similarly, they started treatment earlier in
the disease course (2.6 + 3.2 years vs 6.1 + 6.2 years). Ac-
cordingly, the part of disease duration under treatment was
higher in the 2015-2019 period than in the 2009-2014 period
(38.9% vs 24.4%). GnRH antagonists were more often used
than GnRH agonists in the 2015-2019 period (65.5% vs
32.2%) (eFigure 2).

The risk of relapse after IVF was similar in the 2 subperiods
(Figure 2, eTable 2). When we further divided women in the 2
subperiods (2009-2014 vs 2015-2019) in 2 subgroups (with/
without treatment at IVF time) (Figure 3), we observed
a decline in the ARR in all subgroups during pregnancy,
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followed by a postpregnancy increase. This increase was less
pronounced among women under treatment.

Discussion

Using clinical and administrative dataset (through a linkage
procedure) and intergroup (matched women with MS who
underwent or not IVF) and intragroup (women with MS
before and after IVF) analyses, we did not find any increased
risk of relapse after IVF in women with MS in France, between
2009 and 2019, overall and in function of the stimulation
protocol and IVF outcome.

10-14 15-17

Previous small-size studies and recent larger studies
investigated the risk of relapse after IVF in women with MS
with conflicting results. The 3 most recent studies">"” found
no increased risk of relapse after IVF, as confirmed by this
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Table 3 Risk Factors of Relapse in the 3 Months After IVF

Population Population

with without
relapses relapses
(N=17) (N =182) p Value
Age (%)
Mean + SD 329+45 33.8+£4.0 ns
Median (Q1-Q3) 34 (32-35) 34 (31-36)
22-27y 3(17.6) 10 (5.5) ns
28-32y 2(11.8) 59 (32.4)
33-37y 10 (58.8) 76 (41.8)
38-42y 2(11.8) 37(20.3)
MS duration (%)
Mean + SD 48+4.2 7.6+4.8 <0.05
Median (Q1-Q3) 3(2-6) 7.0 (4-11)
<5y 10 (58.8) 56 (30.8) ns
59y 3(17.6) 62 (34.1)
210y 4(23.6) 64 (35.1)
Number of relapses in the
y before IVF (%)
0 9(52.9) 141 (77.5) <0.01
1 5(29.5) 39(21.4)
22 3(17.6) 2(1.1)
Number of relapses in the
3 mo before IVF (%)
0 15 (88.2) 170 (93.4) ns
1 2(11.8) 12(6.6)
DMT in the y before IVF (%)
None 14 (82.4) 118 (64.8) ns
At least 1 moderate efficacy 3(17.6) 59 (32.4)
treatment
At least 1 high efficacy 0 (0.0%) 5(2.8%)
treatment
EDSS score at first IVF (%)
0 2(11.8) 46 (25.3) ns
1-1.5 1(5.9) 39 (21.4)
2-2.5 0(0.0) 10 (5.5)
3-6 3(17.6) 21(11.5)
Missing 11 (64.7) 66 (36.3)
Time between IVF and last MRI,
y (%)
Mean + SD 0.5+0.3 29+28 <0.001
Median (Q1-Q3) 0.5(0.3-0.6) 1.9 (1.0-3.8)
<1y 5(29.4) 21(11.5) ns
Continued
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Table 3 Risk Factors of Relapse in the 3 Months After IVF

(continued)
Population Population
with without
relapses relapses
(N=17) (N =182) p Value
1-3y 1(5.9) 37(20.3)
3-5y 0(0.0) 16 (8.8)
>5y 0(0.0) 14(7.7)
Missing 11 (64.7) 94 (51.8)
MRI in the y before
IVF-worsening (%)
Unknown or missing 14 (82.4) 122 (67.0) ns
No 3(17.6) 32(17.6)
Yes 0(0.0) 28 (15.4)
MRI-new lesions (%)
Unknown or no or missing 17 (100.0) 176 (96.7) ns
Yes 0(0.0) 6(33)
MRI-gadolinium-enhancing
lesions (%)
Unknown or missing 6(35.3) 57 (31.3) ns
Negative 10 (58.8) 80 (44.0)
Positive 1(5.9) 45 (24.7)

Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Dis-
ability Status Scale; IVF = in vitro fertilization; MS = multiple sclerosis.

study. We think that the previously reported conflicting
findings are due to differences in study populations and
changes in MS management over time. Indeed, the earlier
studies'®'* included smaller samples (6-32 women who
underwent between 10 and 78 IVF procedures). The wom-
en’s mean age ranged from 29.8 to 32.0 years, and most of
them received GnRH-agonist stimulation (60%,"° 64.3%,""
42.3%,"* 100%," and 68.6%'*). Women were not taking
DMTs' %'V or very few of them (6.4%"* and 5.7%'*). More
recent studies'"” included larger samples (12-225 women
and 22 to 338 IVF procedures) with older women (34.6-36.3
years) and less use of agonist stimulation protocols (31.8%,"
37.0%,"® and 10.5%"7). One study'® included only untreated
women at the time of IVF, and in the other 2, 24.3%"'¢ and
42.7%"7 of women were receiving DMTs at the time of IVF.
We do not think that the changes in stimulation protocols
over time explain the different results. Indeed, our subgroup
analyses in function of the stimulation protocol did not
highlight any difference. Regarding the use of DMTs, our
analysis of the 2 subperiods (2009-2014 vs 2015-2019) did
not find any significant difference. Nevertheless, we could
hypothesize that better MS management in recent times,
before the IVF procedure and from the disease onset, might
contribute to the overall reduction of relapse occurrence.
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Table 4 Characteristics of the IVF Procedures Performed in 2009-2014 and 2015-2019

IVF between 2009 and 2014

IVF between 2015 and 2019

Patient characteristics (N = 132 including 17 in both periods) (%) 76 56

Age at MS onset
Mean + SD 259+5.2 26.6+5.7
Median (Q1-Q3) 26 (22-30) 26 (23-31)
<20y 8(10.5) 7(12.5)
20-24y 24 (31.6) 12 (21.4)
25-20y 24 (31.6) 19 (34.0)
30-34y 16 (21.1) 13(23.2)
235y 4(5.3) 5(8.9)

Age at first DMT
Mean + SD 325+6.7 28.7+64
Median (Q1-Q3) 32.5(27-38) 29 (24-34)
<25y 7(9.2) 12(21.4)
25-30y 19 (25.0) 12 (21.4)
30-35y 11 (14.5) 11 (19.6)
35-40y 17 (22.4) 9(16.1)
>40y 12(15.7) 1(1.9)
No DMT 10(13.2) 11 (19.6)

MS duration at first DMT
Mean + SD 6.1+6.2 26+3.2
Median (Q1-Q3) 3.8(0.9-9.8) 0.9 (0.5-3.8)
<1y 18 (23.7) 24 (42.9)
1-3y 10 (13.2) 6(10.7)
3-5y 6(7.9) 7(12.5)
5-10y 15(19.7) 6(10.7)
>10y 17 (22.3) 2(3.6)
No DMT 10 (13.2) 11 (19.6)

IVF characteristics (N = 199) (%) 112 87

Age at IVF
Mean + SD 342+39 34.6+45
Median (Q1-Q3) 34 (31-37) 35(32-38)
<30y 13(11.6) 14 (16.1)
30-35y 45 (40.2) 28(32.2)
35-40y 42 (37.5) 33(37.9)
>40y 12(10.7) 12 (13.8)

MS duration at IVF
Mean + SD 83%53 7.7+4.1
Median (Q1-Q3) 7.5 (4-11) 7 (5-10)
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Table 4 Characteristics of the IVF Procedures Performed in 2009-2014 and 2015-2019 (continued)

IVF between 2009 and 2014 IVF between 2015 and 2019

<5y 30 (26.8) 19 (21.8)
5-9y 36 (32.1) 40 (46.0)
10-14y 36 (32.1) 24 (27.6)
215y 10 (9.0) 4(4.6)
Stimulation protocol
GnRH agonists 52 (46.4) 28 (32.2)
GnRH antagonists 50 (44.7) 57 (65.5)
Missing 10 (8.9) 2(2.3)
DMT during IVF or still under treatment effect®
None 84 (75.0) 53 (60.9)
At least 1 moderate efficacy treatment 28 (25.0) 30 (34.5)
Glatiramer acetate 14 (12.5) 14 (16.1)
Interferon B 13(11.6) 11(12.6)
Azathioprine 1(0.9) 3(3.5)
Dimethyl fumarate 0(0.0) 2(2.3)
At least 1 high efficacy treatment 0(0.0) 4 (4.6)
Natalizumab 0(0.0) 4 (4.6)
Proportion of treated disease duration until IVF
Mean + SD 24.4+335 389+35.2
Median (Q1-Q3) 0(0.0-57.0) 35.8(0.0-74.4)
None 57 (50.9) 25(28.8)
0-25% 20(17.9) 13(14.9)
25-50% 3(2.6) 16 (18.4)
50-75% 17 (15.2) 12(13.8)
75-100% 15 (13.4) 21 (24.1)

Abbreviations: DMT = disease-modifying therapy; GnRH = gonadotrophin-releasing hormone; IVF = in vitro fertilization; MS = multiple sclerosis.

2Up to 3 months after the treatment end.

We could not identify any prognostic factor of relapse occur-
rence in the 3 months after IVF. The univariate analysis found
significant associations with the number of relapses in the year
before IVF and with MS duration, but they were not confirmed
by the multivariate analysis. Nevertheless, we suggest to
women, neurologists, and fertility specialists to plan IVF in
a period when MS is stable and/or fully controlled with DMTs.

One strength of this study is the use of 2 linked databases. The
clinical data from OFSEP provided accurate information on
relapses and DMT, and the administrative data gave detailed
information on IVF and pregnancies. The OFSEP database
was an advance compared with our previous work on the
topic'® where we identified relapses in the SNDS database. In
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the OFSEP database, a neurologist validated all relapses.
Moreover, this database includes also relapses that did not
require corticosteroid therapy. Nevertheless, the ARR were
lower in this study (0.06 vs 0.08, before vs after IVF) than in
the previous one'® (0.20 vs 0.18). This could be due to dif-
ferences in study population and MS management, but also
because ARR seems to decrease over time in women before
pregnancy and in the postpartum period.””

Comparison with a control group of women with MS who did
not undergo IVF is another strength of this study. The fact
that our previous results were confirmed by using an alter-
native design and a new data source makes us confident about
the absence of increased risk of relapse after IVF. Moreover,
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Figure 2 Relapse Incidence Rates and Incidence Rate Ratios in Each Subperiod (2009-2014 vs 2015-2019)
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the same conclusion was reached

in 2 previous American

. 15,17
studies.™™

The main limitation of this study is its retrospective nature,
although most data were prospectively collected.”® In

addition, the previous study16 included 225 women with MS
identified through the SNDS database who underwent IVF
between 2010 and 2015. In this study, women were identified
from the OFSEP registry, with IVF dates between 2009 and
2019, meaning there is a potential overlap between the 2

Figure 3 ARR Values Before, During, and After Pregnancy in Each Subperiod
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populations. Due to French legislative requirements, IDs
differ between studies, making the reidentification of partic-
ipants between different studies impossible. Overall, 124 of
199 IVF cases from this period may overlap with the previous
study because they were performed over 2010-2015. Fur-
thermore, the analysis of the 2015-2019 period (with only
a brief overlap from January to September 2015) revealed
comparable relapse rates before and after IVF, with no sta-
tistically significant difference, which confirms our findings are
valid despite potential overlap with our previous work. An-
other limitation is that we did not match our control group by
specific treatment but instead grouped treatments into 3
broad categories: no DMT, moderate efficacy DMTs, and
high efficacy DMTs. This approach was necessary because
matching by specific DMT would have led to the exclusion of
more than half of the treated patients (42 of 63), which would
have limited the representativeness of the control group.

To conclude, we think that it is essential to reassure women
with MS about the absence of increased risk of relapse after
IVF, whether performed with GnRH agonists or antagonists.
Moreover, the IVF success rate (24.6%) was comparable with
that of the general population (27.0%-34.5%).”® Therapeutic
advances in MS management might have contributed to
a better disease control during the IVF time. Our results
support the recent French and Spanish guidelines®”*' that
advise to plan infertility treatments in a period of stable dis-
ease and that promote good communication and strong co-
ordination between neurologists and gynecologists/fertility
specialists to ensure proper MS management and ART in the
best conditions.

Acknowledgment

The authors thank the Eugéne Devic EDMUS Foundation
against multiple sclerosis for funding and Sandrine Kerbrat
(MSc) for her precious help with the pregnancy identification
algorithm. Data collection was supported by a grant provided
by the French State and handled by the “Agence Nationale de
la Recherche” within the framework of the “France 2030”
program, under the reference ANR-10-COHO-002, Observ-
atoire Francais de la Sclérose en Plaques (OFSEP). SNDS
data were made available to OFSEP by CNAM (French
National Health Insurance Fund), and the indirect matching
between OFSEP and SNDS data was carried out by EHESP
and CUB-R.

Author Contributions

M. Mainguy: drafting/revision of the manuscript for content,
including medical writing for content; study concept or de-
sign; analysis or interpretation of data. R. Casey: drafting/
revision of the manuscript for content, including medical
writing for content; major role in the acquisition of data.
S. Vukusic: drafting/revision of the manuscript for content,
including medical writing for content; major role in the ac-
quisition of data. C. Lebrun-Frenay: drafting/revision of
the manuscript for content, including medical writing for
content; major role in the acquisition of data. E. Berger:

Neurology: Neuroimmunology & Neuroinflammation

| Volume 12, Number 2 |

drafting/revision of the manuscript for content, including
medical writing for content; major role in the acquisition of
data. A. Kerbrat: drafting/revision of the manuscript for
content, including medical writing for content; major role in
the acquisition of data. A. Al Khedr: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data. B. Bourre: drafting/
revision of the manuscript for content, including medical
writing for content; major role in the acquisition of data. J.
Ciron: drafting/revision of the manuscript for content, in-
cluding medical writing for content; major role in the acqui-
sition of data. P. Clavelou: drafting/revision of the manuscript
for content, including medical writing for content; major role
in the acquisition of data. J. De Seze: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data. G. Defer: drafting/re-
vision of the manuscript for content, including medical writ-
ing for content; major role in the acquisition of data. I. Doghri:
drafting/revision of the manuscript for content, including
medical writing for content; major role in the acquisition of
data. A. Dos santos: drafting/revision of the manuscript for
content, including medical writing for content; major role in
the acquisition of data. K. Hankiewicz: drafting/revision of
the manuscript for content, including medical writing for
content; major role in the acquisition of data. P.M. Labauge:
drafting/revision of the manuscript for content, including
medical writing for content; major role in the acquisition of
data. E. Le Page: drafting/revision of the manuscript for
content, including medical writing for content; major role in
the acquisition of data. L. Magy: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data. E. Maillart: drafting/
revision of the manuscript for content, including medical
writing for content; major role in the acquisition of data. E.
Manchon: drafting/revision of the manuscript for content,
including medical writing for content; major role in the ac-
quisition of data. L. Michel: drafting/revision of the manu-
script for content, including medical writing for content;
major role in the acquisition of data. T. Moreau: drafting/
revision of the manuscript for content, including medical
writing for content; major role in the acquisition of data. S.
Moulin: drafting/revision of the manuscript for content, in-
cluding medical writing for content; major role in the acqui-
sition of data. J. Pelletier: drafting/revision of the manuscript
for content, including medical writing for content; major role
in the acquisition of data. C. Pottier: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data. A. Ruet: drafting/revision
of the manuscript for content, including medical writing for
content; major role in the acquisition of data. M. Sarov:
drafting/revision of the manuscript for content, including
medical writing for content; major role in the acquisition of
data. B. Stankoff: drafting/revision of the manuscript for
content, including medical writing for content; major role in
the acquisition of data. E. Thouvenot: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data. A. Wahab: drafting/

March 2025 Neurology.org/NN

€200371(12)


http://neurology.org/nn

Downloaded from https://www.neurology.org by 194.199.119.18 on 14 February 2025

revision of the manuscript for content, including medical
writing for content; major role in the acquisition of data. H.
Zephir: drafting/revision of the manuscript for content, in-
cluding medical writing for content; major role in the acqui-
sition of data. E. Leray: drafting/revision of the manuscript for
content, including medical writing for content; major role in
the acquisition of data; study concept or design; analysis or
interpretation of data. D.A. Laplaud: drafting/revision of the
manuscript for content, including medical writing for content;
major role in the acquisition of data; study concept or design;
analysis or interpretation of data.

Study Funding

This work was funded by Fondation pour I'aide 4 la recherche
sur la sclérose en plaques (ARSEP) and the Eugene Devic
EDMUS Foundation against multiple sclerosis.

Disclosure

M. Mainguy and R. Casey report no disclosures relevant to the
manuscript; S. Vukusic received grants, non-personal con-
sulting fees, and travel fees from Biogen, Janssen, Merck,
Novartis, Roche, Sandoz, and Sanofi; C. Lebrun-Frenay
reports no disclosures relevant to the manuscript; E. Berger
received honoraria and consulting fees from Novartis, Sanofi
Aventis, Biogen, Genzyme, Roche, and Teva Pharma; A.
Kerbrat reports no disclosures relevant to the manuscript; A.
Al-Khedr has received consulting and lecturing fees, from
Biogen, Novartis, Roche, Merck, Sanofi, Alexion, and Sandoz,
travel grants from Novartis, Merck, and Alexion; B. Bourre has
served on scientific advisory board for Alexion, BMS, Biogen,
Sanofi, Janssen, Merck, Horizon, Novartis, Roche, and Sandoz
and has received funding for travel and honoraria from Alexion,
Merck, Novartis, Sanofi, Roche, and Janssen; J. Ciron has re-
ceived consulting fees for attending scientific advisory board,
lectures or other activities from Biogen, Novartis, Merck,
Sanofi, Roche, Alexion, and Horizon Therapeutics—Amgen;
P. Clavelou has received consulting and lecturing fees, travel
grants, and unconditional research support from Biogen,
Janssen, Medday, Merck, Novartis, Roche, Sanofi-Genzyme,
and Teva Pharma; J. De Séze has received consulting and
lecturing fees, travel grants, and unconditional research support
from Biogen, Genzyme, Novartis, Roche, Sanofi Aventis, and
Teva Pharma; G. Defer has received consulting and lecturing
tees for Biogen, Novartis, Genzyme, Merck-Serono, Roche, and
Teva and funding for travel from Merck Serono, Biogen,
Sanofi-Genzyme, Novartis, and Teva, Institution granted for
research supporting from Merck Serono, Biogen, Genzyme,
and Novartis; I. Doghri has received consulting and non-
financial support from Merck, Novartis, Sanofi, and Sandoz; A.
Dos Santos has received consulting and lecturing fees, travel
grants, or unconditional research support from the following
pharmaceutical companies: Alexion, Biogen, Janssen, Merck,
Novartis, BMS, Teva, Argenx, and Sanofi; K. Hankiewicz has
nothing to disclose; P. Labauge has received consulting and
lecturing fees, travel grants, and unconditional research support
from Biogen, Genzyme, Novartis, Merck Serono, Roche, and
Teva Pharma; E. Le Page has received consulting or lectures,

Neurology.org/NN

and invitations for national and international congresses from
Biogen, Merck, Teva, Sanofi-Genzyme, Novartis Alexion, re-
search support from Teva and Biogen, academic research
grants from PHRC and LFSEP, and travel grant from ARSEP
Foundation; L. Magy reports no disclosures relevant to the
manuscript; E. Maillard has received consulting and lecturing
fees from Alexion, Biogen, Horizon, Janssen, Merck Serono,
Novartis, Roche, Sandoz, Sanofi-Genzyme, and Teva Phar-
maceuticals, and research support from Biogen; L. Michel has
received personal compensation for consulting, speaking, or
other activities with Biogen, Merck, Novartis, Roche, Sanofi-
Genzyme, Teva, and BMS; T. Moreau has received fees as
a scientific adviser from Biogen, Medday, Novartis, Genzyme,
and Sanofi; S. Moulin has nothing to disclose; J. Pelletier and C.
Pottier report no disclosures relevant to the manuscript; A.
Ruet has received honoraria for meeting speaking from Merck,
Alexion, Horizon Th, and Sanofi Genzyme and has received
support for traveling from Biogen, Novartis, and Merck, her
institution received research grants from Biogen, Roche,
Sanofi-Genzyme, and BMS; M. Sarov-Riviere reports no dis-
closures relevant to the manuscript; B. Stankoff has received
lecturing fees from Biogen Idec, Merck-Serono, Novartis,
Sanof, and Janssen, and unconditional research support from
Merck-Serono, Novartis, and Roche; E. Thouvenot has re-
ceived consulting and lecturing fees, travel grants, or un-
conditional support from the following
pharmaceutical companies: Actelion, Biogen, Janssen, Merck
Serono, Novartis, Roche, and Sanofi; A. Wahab has received
consulting and lecturing fees from Novartis, Merck, and Roche
and travel grants from Novartis and Merck; H. Zephir has
received consulting or lectures, and invitations for national and
international congresses from Biogen, Merck, Teva, Sanofi-
Genzyme, Novartis, and Bayer, as well as research support
from Teva and Roche, and academic research grants from
Académie de Médecine, LFSEP, FHU Imminent, and
ARSEP Foundation; E. Leray received personal compen-
sation for consulting, serving on a scientific advisory board,
speaking, or other activities with Alexion, Biogen, Merck,
Novartis, Roche, and Sanofi-Genzyme; D. Laplaud board
membership, consultancy, and grants from Alexion, Acte-
lion, BMS, Biogen, Egle Therapeutics, Janssen, Merck,
MSD, Novartis, Roche, and Sanofi. Go to Neurology.org/
NN for full disclosures.

research

Publication History

Received by Neurology: Neuroimmunology ¢ Neuroinflammation
July 19, 2024. Accepted in final form December 23, 2024. Submitted
and externally peer reviewed. The handling editor was Associate Editor
Anne-Katrin Probstel, MD.

References

1. Dobson R, Giovannoni G. Multiple sclerosis — a review. Eur ] Neurol. 2019;26(1):
27-40. doi:10.1111/ene.13819

2. Koch-Henriksen N, Magyari M. Apparent changes in the epidemiology and severity of
multiple sclerosis. Nat Rev Neurol. 2021;17(11):676-688. doi:10.1038/s41582-021-00556-y

3. McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and treatment of multiple
sclerosis: a review. JAMA. 2021;325(8):765-779. doi:10.1001 /jama.2020.26858

4. Confavreux C, Hutchinson M, Hours MM, Cortinovis-Tourniaire P, Moreau T. Rate
of pregnancy-related relapse in multiple sclerosis. Pregnancy in Multiple Sclerosis
Group. N Engl ] Med. 1998;339(5):285-291. doi:10.1056/NEJM199807303390501

Neurology: Neuroimmunology & Neuroinflammation | Volume 12, Number 2 | March 2025

€200371(13)


https://n.neurology.org/lookup/doi/10.1212/NXI.0000000000200371
https://n.neurology.org/lookup/doi/10.1212/NXI.0000000000200371
http://neurology.org/nn

Downloaded from https://www.neurology.org by 194.199.119.18 on 14 February 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

Neurology: Neuroimmunology & Neuroinflammation

Salemi G, Callari G, Gammino M, et al. The relapse rate of multiple sclerosis changes
during pregnancy: a cohort study. Acta Neurol Scand. 2004;110(1):23-26. doi:
10.1111/§.1600-0404.2004.00270.x

Vukusic S, Michel L, Leguy S, Lebrun-Frenay C. Pregnancy with multiple sclerosis.
Revue Neurologique. 2021;177(3):180-194. doi:10.1016/j.neurol.2020.05.005
Szamatowicz M. Assisted reproductive technology in reproductive medicine — possibilities
and limitations. Ginekol Pol. 2016;87(12):820-823. doi:10.5603/GP.2016.0095

Orvieto R, Patrizio P. GnRH agonist versus GnRH antagonist in ovarian stimulation:
an ongoing debate. Reprod BioMedicine Online. 2013;26(1):4-8. doi:10.1016/
jrbmo.2012.11.001

Depalo R, Jayakrishan K, Garruti G, et al. GnRH agonist versus GnRH antagonist in
in vitro fertilization and embryo transfer (IVF/ET). Reprod Biol Endocrinol. 2012;10:
26. doi:10.1186/1477-7827-10-26

Laplaud D-A, Leray E, Barriere P, Wiertlewski S, Moreau T. Increase in multiple
sclerosis relapse rate following in vitro fertilization. Neurology. 2006;66(8):1280-1281.
doi:10.1212/01.wnl.0000208521.10685.a6

Hellwig K, Beste C, Brune N, et al. Increased MS relapse rate during assisted re-
production technique. ] Neurol. 2008;255(4):592-593. doi:10.1007/s00415-008-
0607-2

Hellwig K, Schimrigk S, Beste C, Miiller T, Gold R. Increase in relapse rate during
assisted reproduction technique in patients with multiple sclerosis. Eur Neurol. 2009;
61(2):65-68. doi:10.1159/000177937

Correale J, Farez MF, Ysrraelit MC. Increase in multiple sclerosis activity after assisted
reproduction technology. Ann Neurol. 2012;72(5):682-694. doi:10.1002/ana.23745
Michel L, Foucher Y, Vukusic S, et al. Increased risk of multiple sclerosis relapse after
in vitro fertilisation. ] Neurol Neurosurg Psychiatry 2012;83(8):796-802. doi:10.1136/
jnnp-2012-302235

Bove R, Rankin K, Lin C, et al. Effect of assisted reproductive technology on multiple
sclerosis relapses: case series and meta-analysis. Mult Scler. 2020;26(11):1410-1419.
doi:10.1177/1352458519865118

Mainguy M, Tillaut H, Degremont A, et al. Assessing the risk of relapse requiring
corticosteroids after in vitro fertilization in women with multiple sclerosis. Neurology.
2022;99(17):¢1916-e1925. doi:10.1212/WNL.0000000000201027

Graham EL, Bakkensen JB, Anderson A, et al. Inflammatory activity after diverse fertility
treatments: a multicenter analysis in the modern multiple sclerosis treatment era. Neurol
Neuroimmunol Neuroinflamm. 2023;10(3):e200106. doi:10.1212/NX1.0000000000200106
Vukusic S, Casey R, Rollot F, et al. Observatoire Francais de la Sclérose en Plaques
(OFSEP): A unique multimodal nationwide MS registry in France. Mult Scler. 2020;
26(1):118-122. doi:10.1177/1352458518815602

20.

21

22.
23.

24.

28.
26.

27.

28.

29.

30.

3L

| Volume 12, Number 2 |
€200371(14)

Confavreux C, Compston DA, Hommes OR, McDonald WI, Thompson AJ. EDMUS,
a European database for multiple sclerosis. ] Neurol Neurosurg Psychiatry. 1992;55(8):
671-676. doi:10.1136/jnnp.55.8.671

Tuppin P, Rudant J, Constantinou P, et al. Value of a national administrative database
to guide public decisions: From the systéme national d’'information interrégimes de
I'Assurance Maladie (SNIIRAM) to the systéme national des données de santé
(SNDS) in France. Revue d’Epidémiologie et de Santé Publique. 2017;65(suppl 4):
$149-8167. doi:10.1016/j.respe.2017.05.004

Ben Messaoud K, Bouyer J, de La Rochebrochard E. Infertility treatment in France,
2008-2017: a challenge of growing treatment needs at older ages. Am ] Public Health.
2020;110(9):1418-1420. doi:10.2105/AJPH.2020.305781

Kalincik T. Multiple sclerosis relapses: epidemiology, outcomes and management. A
systematic review. Neuroepidemiology. 2015;44(4):199-214. doi:10.1159/000382130
Galea I, Ward-Abel N, Heesen C. Relapse in multiple sclerosis. BMJ. 2015;350:h1765.
doi:10.1136/bmj.h1765

Blotiere P, Weill A, Dalichampt M, et al. Development of an algorithm to identify
pregnancy episodes and related outcomes in health care claims databases: an appli-
cation to antiepileptic drug use in 4.9 million pregnant women in France. Pharma-
coepidemiol Drug Saf. 2018;27(7):763-770. doi:10.1002/pds.4556

OFSEP. OFSEP consent [online]. Accessed June S, 2024. https://www.ofsep.org/
en/cohort/ofsep-consent

Processus d’acces aux données | SNDS [online]. Accessed June S, 2024. https://snds.
gouv.fr/SNDS/Processus-d-acces-aux-donnees

Dobson R, Jokubaitis VG, Giovannoni G. Change in pregnancy-associated multiple
sclerosis relapse rates over time: a meta-analysis. Mult Scler Relat Disord. 2020;44:
102241. doi:10.1016/j.msard.2020.102241

Dobson R, Bove R. In vitro fertilization and multiple sclerosis: evolving treatments
and reducing relapse risk. Neurology. 2022;99(17):737-738. doi:10.1212/
'WNL.0000000000201242

European IVF-monitoring Consortium EIM, European Society of Human Re-
production and Embryology ESHRE, Calhaz-Jorge C, et al. Assisted reproductive
technology in Europe, 2013: results generated from European registers by ESHRE.
Hum Reprod. 2017;32(10):1957-1973. doi:10.1093/humrep/dex264

Vukusic S, Carra-Dalliere C, Ciron J, et al. Pregnancy and multiple sclerosis: 2022
recommendations from the French multiple sclerosis society. Mult Scler. 2023;29(1):
11-36. doi:10.1177/13524585221129472

Oreja-Guevara C, Rabanal A, Rodriguez CH, et al. Assisted reproductive techniques in
multiple sclerosis: recommendations from an expert panel. Neurol Ther. 2023;12(2):
427-439. doi:10.1007/540120-023-00439-y

March 2025 Neurology.org/NN


https://www.ofsep.org/en/cohort/ofsep-consent
https://www.ofsep.org/en/cohort/ofsep-consent
https://snds.gouv.fr/SNDS/Processus-d-acces-aux-donnees
https://snds.gouv.fr/SNDS/Processus-d-acces-aux-donnees
http://neurology.org/nn

