N

N

COPP-MS: COrticosteroids during the Post-Partum in
relapsing Multiple Sclerosis patients
Soizic Leguy, Mathilde Lefort, Lucile Lescot, Audrey Michaud, Sandra
Vukusic, Emmanuelle Le Page, Gilles Edan, Anne Kerbrat, Christine

Lebrun-Frenay, Jérome de Seéze, et al.

» To cite this version:

Soizic Leguy, Mathilde Lefort, Lucile Lescot, Audrey Michaud, Sandra Vukusic, et al.. COPP-MS:
COrticosteroids during the Post-Partum in relapsing Multiple Sclerosis patients. Journal of Neurology,
2022, 269 (269), pp.5571-5581. 10.1007/s00415-022-11215-7 . hal-03704177

HAL Id: hal-03704177
https://ehesp.hal.science/hal-03704177
Submitted on 12 Oct 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://ehesp.hal.science/hal-03704177
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

COPP-MS: COrticosteroids during the Post-Partum in relapsing Multiple

Sclerosis patients

Soizic Leguy, MD *!; Mathilde Lefort PhD * >*; Lucile Lescot, MD !; Audrey
Michaud ?; Sandra Vukusic, MD, PhD #°¢7; Emmanuelle Le Page, MD !3; Gilles
Edan, MD !*; Anne Kerbrat, MD, PhD ! 3; Christine Lebrun-Frenay MD, PhD 8,
Jérome De Séze, MD, PhD ¥?; David-Axel Laplaud, MD, PhD '°; Sandrine
Wiertlewski, MD!?; Emmanuelle Leray PhD > 3; Laure Michel, MD, PhD !3!!

* co-first authors

"Neurology Department, CRC-SEP Rennes, Rennes Clinical Investigation Center, Rennes University
Hospital Rennes University INSERM, Rennes, France

2 Univ Rennes, EHESP, CNRS, Inserm, Arénes - UMR 6051, RSMS (Recherche sur les Services et
Management en Santé¢) - U 1309 — F-35000 Rennes, France

3 Univ Rennes, CHU Rennes, Inserm, CIC 1414 [(Centre d’Investigation Clinique de Rennes)], F-
35000 Rennes, France

4Service de neurologie, sclérose en plaques, pathologies de la myéline et neuro-inflammation et centre
de recherche, ressources et compétences sur la sclérose en plaques, Hospices Civils de Lyon, 69677
Bron, France

SInserm 1028 et CNRS UMR 5292, Observatoire Francais de la Sclérose en Plaques, Centre de
Recherche en Neurosciences de Lyon, 69003 Lyon, France

6 Université de Lyon, université Claude-Bernard Lyon 1, 69000 Lyon, France

7 Eugéne Devic EDMUS Foundation against multiple sclerosis, state-approved foundation, 69677
Bron, France

8 CRCSEP, CHU de Nice Pasteur 2, Université Nice Cote d’Azur UR2CA URRIS, Nice, France

® Centre d’investigation clinique, INSERM U1434, Centre Hospitalier Universitaire de Strasbourg, 1
Place de I'Hopital, 67000 Strasbourg, France

10 Centre de Recherche en Transplantation et Immunologie UMR1064, INSERM ; Université de
Nantes ; CHU de Nantes France

' Microenvironment, Cell Differentiation, Immunology and Cancer unit, INSERM, Rennes I

University, French Blood Agency, Rennes, France

Corresponding author:

Dr Laure Michel, Service de Neurologie, CRC-SEP Rennes, CHU Pontchaillou,
35033 Rennes, France

Telephone: +33614433719 - Fax: 0299284132

laure.michel@chu-rennes.fr

1
ACCEPTED MANUSCRIPT/ CLEAN COPY



Keywords: multiple sclerosis; post-partum; relapses; disability; preventive

corticosteroids.

Wordcount:
Article: 3282
Abstract: 209

Character count for the title: 79

Number of references: 36

Number of figures: 4

Number of tables: 2

Statements and Declarations

Competing interests: LM received honoraria as speaker from Biogen, Merck Serono,
BMS Celgene, Sanofi Genzyme, Roche, and Novartis. SV reports consulting and
lecture fees, travel grants and research support from Biogen, Celgene, Novartis, Merck,
Roche, Sanofi Genzyme and Teva Pharm. DAL has received consulting and lecturing
fees, travel grants and unconditional research support from Biogen, Genzyme,
Novartis, Merck, Roche, Sanofi, Medday, Teva Pharma and BMS. SW received
honoraria as speaker or consultant from Alexion, Biogen, Merck Serono, Roche, and
Novartis. ELP received honoraria for lectures or consulting from Biogen Idec, Merck
Serono, Novartis, Sanofi-Aventis, TEVA, Roche, Alexion. SL, ML, LL, AM, GE, AK,
JDS, CLF, EL have no no conflict of interest regarding this work.

Study funding: This work has been granted by the Eugene Devic EDMUS Foundation
against Multiple Sclerosis and by the Aide a la Recherche sur la Sclérose en Plaques

(ARSEP) foundation.

2
ACCEPTED MANUSCRIPT/ CLEAN COPY



Acknowledgments: The present study is supported by a grant from the ARSEP. This
work has been done with data from the OFSEP (http://www.ofsep.org/ft/), which is
supported by a grant provided by the French State and handled by the Agence Nationale
de la Recherche within the framework of the Investments for the Future program under
the reference ANR-10-COHO-002 OFSEP and by the Eugene Devic Foundation
Against Multiple Sclerosis. The authors thank the technicians of participating centers
for their help (Mr Leport from Rennes, Mrs Moyon from Nantes, Mrs Callier from
Nice, Mrs Berthe from Strasbourg). The authors also thank Merck Serono for partly

supporting this study.

3
ACCEPTED MANUSCRIPT/ CLEAN COPY



ABSTRACT:

Background: No specific treatment has demonstrated its effectiveness to prevent post-
partum relapses for multiple sclerosis (MS) women.

Objective: To assess the effectiveness of preventive high-dose corticosteroids in the
post-partum period by comparing two strategies: (1) no preventive treatment and (2)
standardized preventive treatment.

Methods: We selected 5 French Multiple Sclerosis centers using the same post-partum
strategy for their patients — either high-dose steroids (treating centers TC) or no
treatment (non-treating centers NTC). We included relapsing-remitting multiple
sclerosis women who delivered between January 2007 and January 2017. Our primary
outcomes were the time from delivery to first relapse, EDSS progression and MRI
activity between patients of treating centers and non-treating centers, after propensity-
score weighting.

Results: 350 patients were included (116 from treating centers, 234 from non-treating
centers). For both groups, the annualized relapse rate decreased during pregnancy (0.28
in treating centers and 0.34 in non-treating centers during the third trimester) and
increased during the first post-partum trimester (0.45 and 0.69 respectively) with 11%
and 14% (NS) of patients facing at least one relapse respectively. Our primary outcomes
were not statistically different between both groups.

Conclusion: This study provides class III evidence that systematic high-dose
corticosteroids are not associated with a reduced inflammatory activity during the post-

partum period in multiple sclerosis patients.

1
ACCEPTED MANUSCRIPT/ CLEAN COPY



INTRODUCTION

Multiple sclerosis (MS) is a common inflammatory demyelinating disease of the central
nervous system which affects preferentially young women.

Pregnancy influences the clinical course with a decrease of the annualized relapse rate
(ARR) during pregnancy, especially during the third trimester, and an increase during
the post-partum (PP) period, with 13% to 30% of women facing a relapse [1-12].
Recent studies suggest that the proportion of patients having a relapse in PP is currently
decreasing, probably due to a better control of the disease activity before and during
pregnancy with disease modifying drugs (DMDs) [4—15]. However, this risk of disease
reactivation still exists and the therapeutic management of MS patients in PP is a matter
of debate. Several strategies have already been assessed (corticosteroids, intravenous
immunoglobulin, hormonal treatment or early DMDs restart [3, 5, 8, 9, 13, 14, 16-23,
15]). Among them, the effectiveness of preventive high-dose corticosteroids (CTCs)
has been evaluated in two retrospective clinical studies suggesting a beneficial effect
[16, 17]. Limited level of evidence leads to heterogenous practices between MS centers
and between patients.

In this context, using the French MS Registry (Observatoire Francais de la Sclérose En
Plaques—OFSEP) [24], we aimed to assess the real-life effectiveness of high-dose
corticosteroids in prevention of PP relapses in relapsing-remitting MS (RRMS)
patients, comparing two different strategies: (1) systematic preventive treatment by
high-dose CTCs (2) versus no preventive treatment by high-dose CTCs.

1. Patients and Methods

The OFSEP cohort and participating centers

OFSEP is a French multimodal nationwide MS registry [24]. Data are prospectively

collected during follow-up in the European Database for MS (EDMUS) software [24,
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25]. For the current study, five French MS centers were selected according to their
systematic strategies in PP. Two of them, defined as “treating centers” (TC), propose a
systematic standardized intravenous corticotherapy after delivery contrary to the three

others, defined as “non-treating centers” (NTC).

Standard protocol approvals, registrations, and patient consents

All patients signed an informed consent to allow the registration of their medical data
in the OFSEP database. The present study received approval from the Comité de
Protection des Personnes on April 16th 2019 (registration number SI: 19.03.05.63609)
and was declared to the Agence Nationale de Sécurité du Médicament et des produits
de santé (ID RCB:2019-A00567-50). The study was also registered in clinicaltrials.gov

(NCT03917589). All patients received an information letter and a non-consent form.

Study cohort: the COPP-MS cohort

The inclusion criteria were: (1) women with RRMS defined by the 2010 revised
MacDonald criteria[26], non-opposed to participation, (2) aged from 15 to 49 years at
pregnancy onset, (3) having at least one pregnancy with live birth after MS onset from
January 1, 2007 to January 1, 2017, (4) having at least one neurological visit per year
within two years preceding the pregnancy and within two years after the delivery. In

case of several pregnancies in the period, only the last one was analyzed.

Preventive treatment in PP

The systematic preventive treatment protocol was one gram of intravenous
methylprednisolone (IVMP) per month, started the day after delivery at maternity and

given for 3 to 6 months.

Data collection
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Following variables were collected using extraction from EDMUS database (from 2
years before pregnancy onset to 2 years after delivery): age and MS duration at delivery,
clinical activity (ARR, relapses, EDSS), radiological activity and DMDs exposure
(considering first-line therapies (interferon, glatiramer acetate, teriflunomide,
dimethyl-fumarate), second-line therapies (natalizumab, fingolimod), third-line
therapy (mitoxantrone, alemtuzumab) and off-label therapies (azathioprine,
cyclophosphamide, laquinimod, methotrexate, mycophenolate mofetil, rituximab)).

Missing data were collected directly on site by two neurologists (SL, LL) and data (as
relapses, EDSS, MRI parameters) were checked using MS patients’ files in each center.
A questionnaire about breastfeeding (exclusivity/duration), vitamin D supplementation

and smoking habits before/during/after pregnancy was sent to patients.

Qutcomes

Primary outcomes were the (1) time to first relapse, (2) time to first EDSS progression
and (3) time to first new MRI activity, from delivery over two years. EDSS progression
was defined as follows: +1.5 point if baseline EDSS=0, +1 if 1<EDSS <5.5, +0.5 if
EDSS>5.5. New MRI activity was defined as either Gadolinium enhancing lesion or a
new T2-lesion. Delays were censored at the earliest of: secondary progressive MS date,
end of follow-up date or end of study date (i.e. delivery +2 years).

Secondary binary outcomes were the risk of occurrence of at least one relapse in the
first six months, the first year and the first two years PP, and at least one EDSS
progression and one MRI activity after delivery and until two years.

In a first descriptive step, before propensity-score weighting, we described

characteristics at baseline and calculated the ARR before, during and after pregnancy.

Statistical analysis
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Demographics and clinical characteristics were described and compared using Student
test for continuous variables and Fisher test for categorical ones (level of significance:
5%). ARR were defined as the total number of relapses divided by the follow-up
duration in each period of interest.

In the main analysis, we defined two cohorts, patients from TC and patients from NTC,
independently of IVMP status, to compare centers practicing or not preventive
corticosteroids strategy. A secondary analysis was performed with a per protocol
method (exact treatment received), defining a cohort of patients actually treated and a
cohort of patients who did not, independently of their origin center. Both analyses
followed a similar modeling strategy.

Our study was not randomized, so in order to improve group balancing, a propensity
score (PS) was used. Using PS, we want to balance between the both groups to make
them comparable at therapeutic decision. This therapeutic decision should reflect the
decision of the neurologist based on the risk to reach the outcome, for instance, the risk
of relapse. Thus, PS was obtained from a multivariate logistic regression including
variables statistically associated with each specific outcome (Cox model, level of
significance: 20%) [27-29] For each outcome, following variables were considered
potentially associated with: age at delivery, MS duration at delivery, ARR over the two
years before pregnancy, number of relapse during pregnancy, EDSS at pregnancy onset,
MRI within the two years before pregnancy, breastfeeding, DMD within the year before
pregnancy and DMD during pregnancy. The association of each variable with each
outcome were studied using Cox model (level of significance: 20%). Then, outcomes
were studied using Kaplan-Meier methods weighting by the stabilized inverse
probability of treatment weights (IPTW), a weight obtained from PS and the

corresponding log-rank test. In each balanced group, we reported and compared the
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weighted restricted mean time (RMST) before reaching outcomes [30] (significance
level: 5%). RMST were restricted at six months, one year and two years of PP. Binary
outcomes were assessed using IPTW weighted logistic regression. Confidence interval

were obtained by bootstrap (k=1000).

Analysis was performed using R software (R4.0.3), the weighted Kaplan-Meier

estimators were obtained using the package RISCA [31].

2. Results
Characteristics at baseline and at delivery
Database extraction identified 390 eligible patients. Inclusion process led to 350
patients retained for the analysis (Figure 1).
Characteristics at baseline are presented in Table 1.A for the main analysis and
available in supplementary for the secondary analysis (e7able 1.4). Overall, 116
(33.1%) patients were followed in TC and 234 (66.9%) in NTC, and 71 (20.3%) patients
were actually treated with IVMP in the PP period (69 from TC, 2 from NTC). Clinical
data (ARR, EDSS), radiological activity and DMDs use were similar between patients
of TC and NTC within the two years before pregnancy. Overall, 150 patients were
exposed to DMDs during pregnancy (72.7% with first line, 25.3% with second line and
2% with off-label therapy), with a mean duration of 2.4 (+3) months and no difference
between TC and NTC. Comparison of treated (N=69) and untreated patients (N=47) in
TC showed no statistical difference for characteristics at baseline (data not shown).
Characteristics at delivery and in PP are presented in Table 1.B for the main analysis
(in supplementary for the secondary analysis, eTable 1.B). Breastfeeding was more
frequent in TC (66.2%) compared to NTC (42.6%) (p<0.001). Among breastfeeding

mothers, exclusive breastfeeding (only breast-milk used for at least two months)
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included 32% of patients from TC and 22% of patients from NTC (p=0.088). Mean
breastfeeding duration was 4.8 months (+4.3) in TC and 6.4 months (£9.2) in NTC. On
average, treated patients received monthly IVMP during 4.56 (£1.8) months after
delivery. Median delay before DMDs resumption was not different between TC and
NTC (p=0.700). Indeed, 41% of patients from TC and 46% from NTC have resumed
their DMDs in the first three months of PP. Considering treated patients, during the
preventive corticotherapy, 71.7% breastfed and 68% resumed a DMD before the end
of the month following the last infusion (e7able 1.B).

ARR before pregnancy, during pregnancy and over two years of PP every 3
months for patients of TC and NTC.

As shown in Figure 2, ARR were similar in the two groups before pregnancy (p=0.841).
Regarding the whole cohort, ARR decreased during pregnancy compared to pre-
pregnancy rates and increased during the first trimester of PP compared to pregnancy
rates. At one year, ARR remain slightly lower than pre-pregnancy rate.

Comparison of ARR along time using linear regression between TC and NTC showed
no difference between curves, in main analysis (p=0.404). Overall, 11% of patients
from TC and 14% from NTC faced at least one relapse during the first PP trimester
(p=0.505).

Time to first relapse in PP: No difference in both analyses

Regarding this outcome, PS model included: ARR over the two years before pregnancy,
number of relapses during pregnancy and DMDs during pregnancy (7able 2). No
statistical difference was found comparing the Kaplan-Meier estimates for the time to
first relapse from delivery (p=0.691, Figure 3), as well as the restricted mean time
(RMST) before reaching the first relapse in PP at six months, one year and two years

between groups (Figure 4). Odds-Ratio (OR) associated with the proportion of patients
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facing at least one relapse in each group was 0.99 [0.53; 1.63] in the first six months
after delivery, 0.87 [0.41; 1.53] in the first year and 0.85 [0.44; 1.42] in the first two
years. In the TC group, PP relapse rates were not different between treated and
untreated patients (p>0.05). Results were confirmed in the secondary analysis without
statistical difference between the two curves (p=0.537) (Figure 3), and no difference
between RMST at the three time-points (Figure 4).

Time to first EDSS progression in PP: No difference in both analyses

PS model for this outcome included: year of pregnancy (7able 2). No statistical
difference was found comparing the curves representing time to first EDSS progression
(p=0.840, Figure 3) as well as RMST after delivery at six months, one year and two
years (Figure 4). OR associated to the proportion of patients facing at least one EDSS
progression was 0.93 [0.52; 1.54]. The secondary analysis was consistent with these
results, with no difference between Kaplan-Meier curves (p=0.453, Figure 3) and no
difference between RMST at the three timepoints (Figure 4).

Time to first MRI activity in PP: No difference in main analysis

PS model for this outcome included age and MS duration at delivery, number of
relapses during pregnancy, MRI activity within the year before pregnancy,
breastfeeding at delivery, DMDs over the two years before pregnancy and DMDs
during pregnancy (7able 2). MRI was available for 284 patients, 105 (37%) were done
within the 6-months PP, 39 (14%) between 6- and 12-months PP and 140 (49.2%) after
12-months PP.

No difference was found between the two groups comparing Kaplan-Meier estimates
(p=0.093) and RMST at six months, one year and two years (Figure 4). OR associated
to the proportion of patients with a new MRI activity was 1.40 [0.67; 2.45]. In the

secondary analysis, a difference between treated and untreated groups was observed, in
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favor of untreated group (p=0.042) (Figure 3). Although, differences of RMST were
not different at six months, a difference at one year and two years of PP was observed,
in favor of untreated group (-0.012 [-0.21; -0.01] at one year and -0.26 [-0.48; -0.03] at

two years) (Figure 4).

3. Discussion

Our main objective was to assess, in a large cohort of MS patients, the
effectiveness of preventive IVMP in the PP period on disease activity by comparing
two strategies: (1) Systematic preventive treatment and (2) No preventive treatment.
Using two complementary statistical analyses, time to first relapse and to first EDSS
progression were not statistically different between patients of TC and NTC and
between treated and untreated patients.

Until now, only two retrospective observational studies of small size [16, 17]
have assessed this question, showing a decreased risk of PP relapses with preventive
corticotherapy, and motivating some teams to apply a standardized protocol. In the first
one, the ARR of 22 untreated MS women appeared higher in the first PP trimester
(2+0.66) than the ARR of 20 MS women treated by one gram of [IVMP monthly during
six months in PP (0.8+0.41) [16]. In the second study, 17.9% of 39 MS patients treated
directly after delivery with one gram of IVMP faced a relapse in PP compared to 46.2%
of 13 untreated MS patients [17]. In these two uncontrolled studies, the groups were
small, and the untreated groups were particularly active in the 3 months PP with ARR
of 2 in the French study (1.2 in PRIMS), and 46.2% of patients facing a relapse in the
American one (28% in PRIMS) [1, 2]. Moreover, critical variables could have

influenced disease activity in the PP: DMDs exposure before pregnancy was not
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described in the French study and appeared substantially different, although not
statistically, in the American one (89.7% and 69.2% patients on DMDs respectively in
treated and untreated group). Considering breastfeeding, no difference between the two
groups was reported in the American study, but data were not available for the French
one. Considering the statistical analysis, the authors did not balance their treated/not
treated groups that were not comparable and they did not consider the indication bias
especially in the American study.

In our study, we retrospectively included 350 patients of five French MS centers
with a prospective follow-up. Our findings were consistent with recent literature,
confirming an increase of ARR in PP but lower than the ARR firstly described in
historical cohorts, with 13% of patients presenting a relapse during the 3 months PP [4,
7, 8, 10-12, 15, 32]. These data confirmed a decrease of the risk of inflammatory
disease reactivation in PP. Unlike the two previous studies, we found no benefit for a
preventive corticotherapy in our cohort on clinical parameters [16, 17], maybe partly
explained by the difference in term of disease activity before pregnancy between our
contemporary cohort and these two older cohorts (ARR of 0.5 in the year before
pregnancy in our cohort compared to 0.6 and 1 in the two groups of the French study),
but also during the PP (with 11% and 14% of patients relapsing in the 3 months PP in
our cohort compared to 17.9 and 46.2% in the two groups of the American study).
Indeed, changes in the therapeutic management of MS have led to a significant
reduction of the disease activity over the last decade and especially during the PP [4—
15].

Concerning the time to first MRI activity, no statistical difference was found with the
main analysis, but the secondary analysis found a difference at one year and two years

after delivery with an earlier occurrence of MRI activity for treated patients compared
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to untreated patients. It was not explained by the time before resuming DMDs in PP
which was not delayed for treated patients (p=0.600). However, comparison of MRI
activity has to be interpreted cautiously due to missing data, and to a substantial
variability of delay between delivery and MRI acquisition between patients with
probably more frequent control MRIs for patients with active disease.
In our cohort, breastfeeding was more frequent in TC (66.2%) compared to NTC
(42.6%) (p<0.001), but not statistically different considering exclusive breastfeeding
(p=0.088). Some studies showed a potential protective effect of breastfeeding that could
influence the risk of disease reactivation in this period [6, 12, 15, 33, 34]. This variable,
considered at baseline, was not included in the PS because not associated with the
outcome in the model. Characteristics of breastfeeding such as exclusivity or duration,
assessed after baseline, could thus be influenced by that occurs after baseline, such as
disease activity, preventing their inclusion in the PS.
Early DMD resumption after delivery could reduce the risk of disease reactivation [8,
9, 13, 14, 23]. In our study, no difference for delay of DMD resumption was found
between TC and NTC and did not influence our results.

One of the main strengths of our study is the large sample of MS patients with
a prospective follow up, composing a representative cohort. There were very few
missing data concerning our clinical endpoints, thanks to the use of EDMUS database,
on-site data control and additional data collected with questionnaires. Regarding
methodological choices, all women of TC did not receive IVMP (40% of patients from
TC remained untreated). We cannot exclude that this high proportion of patients could
be explained by unobserved or unknown confounders. A consequence of such
unobserved data is a potential selection bias if we perform a direct comparison between

treated patients and untreated patients [35]. Similar to randomized clinical trial
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analyses, the intention-to-treat (ITT) principle was applied whereby the results were
based on the practice of the center, and not on the treatment actually given. That point
led us to perform two complementary statistical methods. The main analysis, equivalent
to an ITT analysis, is a conservative method considering all patients as having received
the treatment’s strategy of their own center. The secondary analysis, equivalent to a
per-protocol analysis, investigates the real exposure considering each patient according
to the treatment actually received. To ensure comparability of our two populations,
already very closed, we used a PS. Our conclusions are strengthened by concordance
of both analyses and comforted by data of literature as the monthly high dose
methylprednisolone benefit for controlling disease activity has never been clearly
documented in MS, especially in very active MS [36].

Currently, no preventive treatment has demonstrated its benefit to prevent PP
relapses. Studies assessing intravenous immunoglobulins effect showed conflicting
results [18-21]. No protective effect was reported with hormonal treatments analyzed
in a large randomized controlled study[3]. An interesting lead could be an early
reintroduction of DMDs in the PP, which could reduce the risk of rebound [8, 9, 13, 14,
23], that will be analyzed in a second study on the same cohort of patients.

Main limitations of our study are classical ones in such retrospective studies,
linked to the challenge of data collection. We ensured quality of our collected data using
a national database, on sites files’ checking and questionnaires. However, a selection
bias could exist as we included patients followed exclusively in MS expert centers
whose representativeness may be questionable. Only 71 patients of the entire cohort
were actually treated, among which 69 patients of TC. The quite low proportion of
treated patients in TC could be explained by different management strategies in PP

according to neurologist. Moreover, even in a systematic approach, several patients
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may have declined the proposal of a preventive corticotherapy administered monthly.
Despite these limitations, collected data remains of great interest as no randomized
study would be easily achievable on this purpose on a cohort of MS patients.

Thanks to our large cohort and robust statistical methods, we assess in this study
the absence of benefit of high dose corticosteroids in PP period, providing class III
evidence that IVMP do not prevent clinical activity during the PP period in women with

MS.
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Table 1: Patients’ characteristics (A) before pregnancy, (B) at delivery and

during the post-partum (main analysis).

Table 1: Characteristics in each cohort

Total Cohort

Treating Centers

Non-Treating

Centers p-value
N =350 N =116 N =234
A) At baseline
CLINICAL CHARACTERISTICS
Age at MS onset (years)® 24.3+5.3 24.1+5.6 24.4+5.1 0.673
MS duration at conception (years)® 7.2+4.2 7+4.6 7.3+4.1 0.548
Relapses over the two years before pregnancy
At least one relapse?® 219 (62.6%) 66 (56.9%) 153 (65.4%) 0.129
ARR®* 0.62+0.71 0.61+0.82 0.63 £ 0.66 0.841
Relapses During Pregnancy
At least one relapse?® 77 (22%) 27 (23.3%) 50 (21.4%) 0.683
ARR? 0.35+0.71 0.35+0.68 0.35+0.73 0.944
EDSS at pregnancy onset (3 months)®? 1.3+15 1.1+14 1.3+15 0.241
<3 270 (83.6%) 88 (86.3%) 182 (82.4%)
[3;6] 49 (15.2%) 13 (12.7%) 36 (16.3%) 0.799
>6 4 (1.2%) 1(1.0%) 3 (1.4%)
NA 27 14 13
MRI within the two years before pregnancy
At least one available MRI*¢ 266 (76%) 72 (62.1%) 194 (82.9%)
At least one MRI activity®© 171 (64.3%) 47 (65.3%) 124 (63.9%) 0.886
TREATMENT EXPOSURE

Mean DMD duration before pregnancy (years) 3.81£3.2 3.9+3.6 3.7+3 0.552
DMD within the year before pregnancy
None 109 (31.2%) 40 (34.5%) 69 (29.5%)
First line 167 (47.7%) 57 (49.1%) 110 (47.0%) 0.391
Other DMDs (2" and 3™ line, off label) 74 (21.1) 19 (16.4%) 55 (23.5%)
DMD exposure during pregnancy 150 (42.9%) 54 (46.6%) 96 (41.0%) 0.359

ENVIRONMENT
Smoker
before pregnancy®© 92 (35.8%) 19 (35.8%) 73 (35.8%) 1.000
NA 75 47 28
during pregnancy®© 49 (19.2%) 13 (25%) 36 (17.7%) 0241
NA 77 48 29
Vitamin D
before pregnancy®© 90 (38.3%) 18 (35.3%) 72 (39.1%) 0.745
NA 97 49 48
during pregnancy®© 127 (54%) 27 (52.9%) 100 (54.3%) 0.875
NA 97 49 48

B) At delivery and in post-partum
CIRCUMSTANCES OF DELIVERY

Age at delivery (years)® 32.2+4.3 31.9+4.6 32.4+4.2 0.264
Term of pregnancy (months)® 9.0+£0.5 8.9+0.6 9.0+0.4 0.043
EDSS at delivery (3 months)?¢ 1.3+15 1.3+1.6 1.3+15 0.947
Breastfeeding
Yes*© 141 (48.6%) 49 (66.2%) 92 (42.6%) <0.001
NA 42 26 16
Duration (months)® 5.9+8.1 48+4.3 6.4+9.2

TIME TO DMD START FROM DELIVERY*
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DMDs resumption®

At 3 months 155 (44%) 48 (41%) 107 (46%)
At 6 months 209 (60%) 68 (59%) 141 (60%)
At two years 270 (77%) 87 (75%) 183 (78%)
?g:;'::; time before DMD resumption (years) | 53 1059.6040] | 034[025:0.51] | 0.32[0.22;0.41]
0
RMST before DMD resumption [95%CI] 0.72[0.64;0.81] | 0.75[0.60;0.89] | 0.71[0.61;0.81] 0.700
Difference RMST 0.03 [-0.21; 0.21]

Proba.* at 3 months PP

44% [39%; 50%]

42% [33%; 51%]

47% [29%; 53%]

Type of DMD

None 80 (23%) 29 (25%) 51 (22%)
First line 178 (51%) 58 (50%) 120 (51%)
Other DMDs (2" and 3™ line, off label) 92 (26%) 29 (25%) 63 (27%)

N(%); "mean # standard deviation; ‘computed on available data; *probability of being newly treated

MS: Multiple Sclerosis; ARR: Annual Relapse Rate; EDSS: Expanded Disability Status Scale; DMD: disease-modifying drug; MRI:

Magnetic Resonance Imaging; PP: post-partum

First line: interferon, glatiramer acetate, teriflunomide, dimethyl fumarate; Second line: natalizumab, fingolimod; Third line:
mitoxantrone, alemtuzumab; Off-label: azathioprine, cyclophosphamide, laquinimod, methotrexate, mycophenolate mofetil,

rituximab

Table 2: Variables included in the propensity score models for each outcome of
the COPP-MS study

Table 2. Variables included in the propensity score models for each outcome of the COPP-MS study

Variables

Time to first relapse
from delivery over two

Time to first EDSS
progression from

Time to first new MRI
activity from delivery

years delivery over two years over two years
Year of pregnancy 0.293 0.176 0.404
Age at delivery 0.998 0.448 0.360
MS duration at delivery 0.283 0.317 0.009
ARR over the two years before pregnancy 0.005 0.611 0.755
Number of relapses during pregnancy 0.021 0.356 0.057
EDSS at pregnancy onset (+3 months) 0.586 0.547 0.279
MRI within the two years before pregnancy 0.393 0.507 0.010
Breastfeeding 0.569 0.636 0.274
DMD within the year before pregnancy 0.243 0.787 0.001
DMD exposure during pregnancy 0.025 0.602 0.007

*bold p means <20% i.e. included in the propensity score corresponding to the outcome.
Note: for each outcome, a Cox model was built included the pool of variables potentially associated with the treatment decision.
The table presents the p value relating to this association. A level of 20% was considered to decide if the variables was included
in the propensity score model corresponding to the outcome.
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FIGURE LEGENDS:

Figure 1: Flowchart of the study population.
RRMS: Relapsing-Remitting Multiple Sclerosis; OFSEP: Observatoire Francgais de la

Sclérose en Plaques; TC: Treating Centers; NTC: Non-Treating Centers.

Figure 2: Mean annual relapse rate (main analysis)
2-years before, during and 2-years after pregnancy, computed by trimesters every 3

months in treating centers (TC) and non-treating centers (NTC).

Figure 3: Propensity score weighted Kaplan-Meier estimates of the time before
reaching outcomes (main and secondary analysis).

A: first relapse, B: first EDSS progression, C: first new MRI activity, from delivery in
treating (TC) and non-treating centers (NTC).

D: first relapse, E: first EDSS progression, F: First new MRI activity, from delivery for
treated and untreated patients.

For all of the subfigures, the blue line represents the curve for the patients from the
TC or the treated patients; the gray line represents the curve for the patients from the
NTC of the untreated patients. The dotted lines represent the 95% confidence interval
in each group according to the same color legend. The weighted number of at risk
patients is indicated in blue for the patients from the TC/treated patients and in gray
for the patients from the NTC/untreated patients. The p-value was computed using

the propensity score weighted log-rank statistical test.

Figure 4: Restricted mean time before reaching outcomes (main and secondary

analysis).
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A: first relapse, B: first EDSS progression, C: first new MRI activity from delivery over
six months, one year and two years of post-partum.

(1) Main analysis comparing treating centers (TC) to non-treating centers (NTC). (2)
Secondary analysis comparing treated patients to untreated patients,

For all of the subfigures, the blue bar represents RMST for patients from TC (main
analysis, left column) or treated patients (secondary analysis, right column); the gray
line represents the RMST for patients from NTC or the untreated patients. The

difference of RMST is indicated in the table for each corresponding pair of bars.
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Figure 1:

Medical records checking
according to
inclusion/exclusion criteria

Informative letter
and consent

Main Analysis

Secondary Analysis

390 RRMS patients
in OFSEP extraction

31 excluded patients :

359 patients

- Missing data in OFSEP extraction (2)
- Mismatch with inclusion criteria (29)

350 patients

Patients from TC
N=116

Treated patients
N=71

69 from TC
2 from NTC

9 refusal to participate

Patients from NTC
N =234

Untreated patients
N =279

47 from TC
232 from NTC
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Figure 2:

Mean annual relapse rate
( 95% confidence interval)
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Figure 3:

from relapse

Probability of being free

1.0

Probability of being free
from disability worsening

00 02 04 06 08

1.0

Probability of being free
from new MRI activity

00 02 04 06 08

0.0 02 04 06 038

T T T T
0.5 1.0 1.5

Times (years)

&l
o

Number at risk

I I I I I
2.0 0.0 0.5 1.0 1.5

Times (years)
Number at risk

I I I T I
2.0 0.0 0.5 1.0
Times (years)

Number at risk

116 83 66 51
234 169 133 114

*Number at risk are weighted

113 99 84 68
234 203 178 158

-
o
w

62 84 53 36
144 201 133 110

26
89

- Treating centers - Not treating centers

D. E. F.
e < o
- ™~ ‘_' -
© ] «© ] ©
w © $2° O ]
t o fio 3
£% o $8c £3 2 -
$5 52 g °
zg X 23 B
38 © |5 © 3fo
3 g5 5§
& o S8 | &S |
=} =} Py
o | o | o]
° T T T T T © T T | | o 4 T T T I
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 20
Times (years) Times (years) Times (years)
Number at risk Number at risk Number at risk
71 49 42 34 26 71 62 53 43 37 54 30 23 19 15
71 53 41 35 31 71 61 53 47 43 54 38 30 25 22

*Number at risk are weighted

- Treated - Untreated

ACCEPTED MANUSCRIPT/ CLEAN COPY




Figure 4:

A. Time to first relapse from delivery

Over 6 months
Over one year

Over two years

B. Time to first EDSS progression from delivery

Over 6 months
Over one year

Over two years

C. Time to first new MRI activity from delivery

Over 6 months
Over one year

Over two years
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