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Abstract

Background and Objectives

Exit strategies such as de-escalations have not been evaluated for rituximab in patients with
neuromyelitis optica spectrum disorder (NMOSD). We hypothesized that they are associated
with disease reactivations and aimed to estimate this risk.

Methods

We describe a case series of real-world de-escalations from the French NMOSD registry
(NOMADMUS). All patients met the 2015 International Panel for NMO Diagnosis (IPND)
diagnostic criteria for NMOSD. A computerized screening of the registry extracted patients
with rituximab de-escalations and at least 12 months of subsequent follow-up. We searched for
7 de-escalation regimens: scheduled discontinuations or switches to an oral treatment after
single infusion cycles, scheduled discontinuations or switches to an oral treatment after periodic
infusions, de-escalations before pregnancies, de-escalations after tolerance issues, and increased
infusion intervals. Rituximab discontinuations motivated by ineflicacy or for unknown purposes
were excluded. The primary outcome was the absolute risk of NMOSD reactivation (one or
more relapses) at 12 months. AQP4+ and AQP4- serotypes were analyzed separately.

Results

We identified 137 rituximab de-escalations between 2006 and 2019 that corresponded to a
predefined group: 13 discontinuations after a single infusion cycle, 6 switches to an oral treatment
after a single infusion cycle, 9 discontinuations after periodic infusions, S switches to an oral
treatment after periodic infusions, 4 de-escalations before pregnancies, 9 de-escalations after
tolerance issues, and 91 increased infusion intervals. No group remained relapse-free over the
whole de-escalation follow-up (mean: 3.2 years; range: 0.79-9.5), except pregnancies in AQP+
patients. In all groups combined and within 12 months, reactivations occurred after 11/119 de-
escalations in patients with AQP4+ NMOSD (9.2%, 95% CI [4.7-15.9]), from 0.69 to 10.0
months, and in 5/18 de-escalations in patients with AQP4- NMOSD (27.8%, 95% CI
[9.7-53.5]), from 1.1 to 9.9 months.

Discussion
There is a risk of NMOSD reactivation whatever the rituximab de-escalation regimen.
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Glossary

AQP4-IgG = aquaporin 4-IgG; EDSS = Expanded Disability Status Scale; MOGAD = myelin oligodendrocyte glycoprotein
antibody disease; MOG-IgG = myelin oligodendrocyte glycoprotein antibodies; MS = multiple sclerosis; NMOSD =
neuromyelitis optica spectrum disorder; RCTs = randomized clinical trials.

Trial Registration Information
Registered on ClinicalTrials.gov: NCT0285070S.

Classification of Evidence

This study provides Class IV evidence that de-escalation of rituximab increases the probability of disease reactivation.

The therapeutic management of patients treated with immu-
noactive drugs in the long term raises the question of exit
strategies such as “de-escalation.”’ De-escalation seeks to
match the potency of treatments with decreasing disease ac-
tivity. It may consist of the discontinuation of treatment, a
switch to a less active treatment, or a decreased posology, for
example, by increasing infusion intervals. Neuromyelitis optica
spectrum disorder (NMOSD) is a severe chronic autoimmune
disease of the CNS associated with aquaporin 4-IgG (AQP4-
IgG) antibodies. NMOSD is associated with an attack-driven
disability. Relapses are more damaging than in multiple scle-
rosis (MS) and may cause irreversible disability, despite acute
treatments with corticosteroids or plasma exchanges.”* The
long-term maintenance of relapse-preventive immunoactive
treatments is therefore mandatory.

At the time of our study, rituximab (anti-CD20) was the
mainstay treatment in NMOSD. It has proven its efficacy in
numerous real-world studies and in randomized clinical trials
(RCTs) against azathioprine® and placebo.® Several regimens of
rituximab exist. In most cases, rituximab is maintained with
reinfusions either periodically every 6 months’ or with per-
sonalized infusion intervals based on the result of CD19"
CD27" memory B-cell repopulation monitoring.>” Less classi-
cally, the regimen may also be a single infusion cycle induction,
followed either by treatment discontinuation or by a switch to
an oral immunosuppressive drug. B-cell repopulation after rit-
uximab infusions tends to become slower as the treatment
duration increases."® This suggests a potential induction effect
of rituximab on NMOSD activity, which could be sustained
during a de-escalation.

De-escalations must be considered in various situations as
the benefit-risk ratio of immunosuppression evolves over the
follow-up of a patient. Maintained rituximab treatments in-
duce a progressive secondary hypogammaglobulinemia.'" Tt
may be sustained for years after rituximab discontinuation
and may require immunoglobulin replacement therapies in
profound symptomatic cases.'> Secondary lymphopenia and
neutropenia have also been described.® Thus, rituximab-
treated patients have an increased risk of opportunistic in-
fections, especially as the treatment duration increases, as
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the patient grows older, and as the disability worsens.">"*

Pandemics, such as COVID-19, may require preventive de-
. . 15,16

creases of immunosuppression. The humoral response
to vaccinations is decreased by B-cell-depleting therapies."”
Rituximab is incompatible with pregnancy. Finally, ritux-
imab requires hospital-based infusions, which may be per-
ceived as inconvenient by patients who have been doing well
for a long time.

In MS, de-escalations expose patients to a moderate increase
of the annualized relapse rate (ARR)."® However, inflammatory
rebounds have been reported after discontinuation of
natalizamab'**® and fingolimod.”"** Anti-CD20 seems to be safer
in this regard.zm’5 However, data about de-escalations in NMOSD
are lacking. Only one case series has studied this question in
NMOSD so far,”’ reporting that 82% of patients suffered a relapse
at a median interval of 6 months. Our primary research question
was whether de-escalations of rituximab are associated with
NMOSD reactivations. In this registry-based study, our aim was to
describe real-world de-escalations and estimate the risk of reac-
tivation in the various de-escalation regimens.

Methods
Study Population

We conducted a retrospective case series study based on the
French NMOSD registry NOMADMUS?® (Clinical Trials.gov
Identifier: NCT02850705). Nationwide NMOSD case de-
tection is possible as the French MS/NMOSD Observatory
network (Observatoire frangais de la sclérose en plaques)
covers all major neuroimmunology units in France. Within the
network, testing for AQP4-IgG and myelin oligodendrocyte
glycoprotein antibodies (MOG-IgG) is centralized in Lyon.
NOMADMUS data are collected as initial reports by clinicians
for all suspected cases and are then checked and completed
retrospectively by clinical research assistants at the corre-
sponding French MS/NMOSD Observatory center. Data were
extracted on June 15, 2020, with right censoring on June 15,
2019, to ensure that data had been completed. We included the
seropositive (AQP4+) and seronegative (AQP4—) patients for
AQP4-IgG who met the 2015 International Panel for NMO
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Figure 1 Flowchart

Patients in NOMADMUS with at least one evaluation before censoring (June 15, 2019):

Patients (N = 98):
+ AQP4+ (84)
* AQP4- (14)

Computerized detection of de-escalations from rituximab:

A4

(n=

De-escalations
164)

Ungrouped (n = 27):

» De-escalations (27)

Groups (de-escalations) (n = 137):

Discontinuation after a single cycle:

* Scheduled

* Interval to the next IV treatment (if any) >9 months
+ Not classified as infusion spacing

+ No oral treatment introduced for 6 months

Switch to oral treatment after a single cycle:

+ Scheduled

« Interval to the next IV treatment (if any) >9 months
* Not classified as infusion spacing

* Introduction of oral treatment up to 6 months later

Discontinuation after periodic infusions:

+ Scheduled

+ 2 Cycles or more

* Interval to the next IV treatment (if any) >9 months
+ Not classified as infusion spacing

+ No oral treatment introduced for 6 months

Switch to oral treatment after periodic infusions:

* Scheduled

+ 2 Cycles or more

* Interval to the next IV treatment (if any) >9 months
* Not classified as infusion spacing

* Introduction of oral treatment up to 6 months later

De-escalation before pregnancies:
« For pregnancy purposes
+ Complete discontinuation or switch to oral treatment

De-escalation after tolerance issues:
« For tolerance issues
« Complete discontinuation or switch to oral treatment

Increased infusion intervals (analyzed as sequences):
+ Scheduled or tolerance issues

* Interval to the next rituximab infusion <14 months
+ No other treatment during the interval

Patients
* AQP4+ (11)
* AQP4- (2)

| De-escalations (n =13)

v

De-escalations (n = 6)
Patients
* AQP4+ (5)

+ AQP4- (1)

v

De-escalations (n = 9)
Patients

« AQP4+ (7)

+ AQP4-(2)

De-escalations (n = 5)
Patients

« AQP4+ (4)

* AQP4-(1)

De-escalations (n = 4)
Patients

+ AQP4+ (3)

* AQP4- (1)

De-escalations (n =9)
Patients

+ AQP4+ (5)

* AQP4- (4)

Cr) T

Increased infusion
intervals (n =92)
+ Sequences (n = 40)
I Patients (n = 38):
« AQP4+ (34)
* AQP4- (4)

v

Patients with de-escalations of rituximab were identified through a computerized screening among patients in the NOMADMUS registry. De-escalations were
grouped into 7 regimens defined in the lower part of the figure. Colors in the lower part: blue for rituximab, yellow for oral treatments, and pink for

pregnancies. AQP4+ = antiaquaporin 4-1gG antibodies.

Diagnosis (IPND) diagnostic criteria for NMOSD.>® They had
one or more therapeutic de-escalations during their follow-up,
as detected by computerized screening (see below). We focused
our analysis on rituximab because it is the most prescribed
current treatment in the data set. MOG-IgG-seropositive pa-
tients were excluded as myelin oligodendrocyte glycoprotein
antibody disease (MOGAD) is now considered to be a
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distinct disease, based on clinical, radiologic, and patho-
S . . 3031
physiologic considerations.

Data Processing and De-escalation Detection

We processed the data using R (version 4.1.3). An algorithm
screened the registry for de-escalations, defined as a complete
treatment discontinuation, a switch from rituximab to an oral

Neurology.org/N

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

11Ado)

3

ORLU!

0¢

c
&

JO AWopeOY UBILIOWY

=

‘panqryoxd st o[one siyy jo uononpoxdar pazuoyneun) ‘AS0[0ININ

€zoz 'S Anf |

N/340°A30j04naN

# J9qWNN ‘L0 awnjoA | ASojoinaN

L3

Table 1 Population Characteristics of Discontinuations and Switches to Oral Treatments

Discontinuation

Switch to an oral

Discontinuation

Switch to an oral

treatment after

De-escalation

after a single treatment after a after periodic periodic infusions De-escalation before after tolerance Total

cycle (N =13) single cycle (N = 6) infusions (N =9) (N =5) pregnancies (N = 4) issues (N =9) (N =46)
Sex (female) 13 (100%) 6 (100%) 8 (88.9%) 3 (60.0%) 4 (100%) 7 (77.8%) 41 (89.1%)
AQP4+ 11 (84.6%) 5 (83.3%) 7 (77.8%) 4 (80.0%) 3(75.0%) 5 (55.6%) 35 (76.1%)

Age at de-escalation (y)

42.1 (21.2-55.1)

31.3(14.1-49.3)

46.0 (28.5-59.5)

34.1 (16.4-53.7)

30.0 (26.4-33.5)

44.5 (22.8-62.5)

40.0 (14.1-62.5)

Disease duration at de-escalation (y) 6.9 (0.16-24.2) 2.6 (0.12-6.2) 11.7 (4.3-30.9) 7.7 (0.50-11.1) 4.2 (0.77-7.6) 10.8 (1.7-29.6) 7.9(0.12-30.9)
Cumulated number of previous relapses at de-escalation 4.7 (1-14) 4.83 (1-13) 6.11 (1-15) 6.40 (1-11) 2.5(1-4) 6.4 (2-15) 5.3 (1-15)
Time since the last relapse (y) 0.23 (0.07-0.50) 0.38 (0.08-1.1) 3.05(0.08-6.8) 0.65(0.21-1.2) 3.4(0.77-6.8) 2.5(0.09-10.8) 1.6 (0.07-10.8)
Last EDSS at de-escalation® 5.8 (1.0-8.0) 4.80 (0-9.0) 3.7 (0-8.5) 3.0 (0-6.0) 2.4(0-6.0) 4.3 (0-8.0) 4.2 (0-9.0)
Rituximab was the first-line treatment 7 (53.8%) 2(33.3%) 2(22.2%) 1(20.0%) 2 (50.0%) 2(22.2%) 16 (34.8%)
Treatment duration before de-escalation (y) 1 cycle 1 cycle 1.7 (0.50-5.7) 0.79 (0.50-1.3) 2.0 (1 cycle-6.9) 1.3 (1 cycle-2.9) 1.0 (1 cycle-6.9)
De-escalation follow-up (y) 3.7 (1.0-9.5) 3.0(0.79-6.2) 2.5(1.0-8.3) 4.9 (1.2-8.8) 1.4 (1.0-2.3) 3.1(1.7-6.9) 3.2(0.79-9.5)
Reactivations at 12 mo 2 (15.4%) 1(16.7%) 2(22.2%) 1 (20.0%) 0 (0%) 2(22.2%) 8 (17.4%)
Reactivations during the whole de-escalation follow-up 4 (30.8%) 3(50.0%) 2(22.2%) 2 (40.0%) 1 (25.0%) 3(33.3%) 15 (32.6%)

ARR during the whole de-escalation follow-up 0.12 (0-0.47) 0.36 (0-1.27) 0.094 (0-0.60) 0.30 (0-0.86) 0.22 (0-0.86) 0.28 (0-1.19) 0.20 (0-1.27)

Abbreviations: AQP4+ = antiaquaporin 4-1gG antibodies; EDSS = Expanded Disability Status Scale.
AQP4+ and AQP4- patients are pooled. The de-escalation follow-up is the period from the de-escalation baseline to the introduction of another IV treatment or to the censoring. Quantitative variables: mean (range); categorical

variables: n (%).

2 An irreversible EDSS value was not available before 11 (23.9%) de-escalations. AQP4+: antiaquaporin 4-1gG antibodies.
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Table 2 Population Characteristics of Sequences of
Successive Increased Infusion Intervals

Sequences of increased
infusion intervals (N = 40)

No. of sequences per patient 1.05(1-2)
No. of infusions 2.2(1-6)

Sex (female) 38 (95.0%)
AQP4+ 36 (90.0%)

Age at beginning of the sequence (y) 46.1 (17.8-76.9)

Disease duration at beginning of the 4.6 (0.05-18.8)
sequence (y)

Cumulated number of previous relapsesat 5.4 (1-20)

the beginning of the sequence

Time since the last relapse (y) 1.1 (0.01-7.7)
Last EDSS at beginning of the sequence® 3.9 (0-9.0)
Duration of the intervals (mo) 8.9 (6.6-12.9)
Duration of the sequence (y) 1.6 (0.55-6.0)
Annualized rate of relapses 0.20(0.0-2.3)

Abbreviations: AQP4+ = antiaquaporin 4-IgG antibodies; EDSS = Expanded
Disability Status Scale.

AQP4+ and AQP4- patients are pooled. Quantitative variables: mean
(range); categorical variables: n (%).

2An irreversible EDSS value was not available before 4 (10.0%) de-escala-
tions. AQP4+: antiaquaporin 4-IgG antibodies.

treatment, or an increased interval between 2 infusions (Figure 1).
Individual patients could have multiple de-escalations during their
follow-up. Rituximab discontinuations were considered “complete”
in the absence of a switch in the following 6 months + a margin of
20 days and no further rituximab infusion. Infusion intervals were
considered increased from 6 months + a margin of 20 days to 14
months (corresponding to the skipping of a periodic infusion with
a 2-month margin). In the case of further rituximab infusions
beyond 14 months, the index de-escalations were considered as
“complete” discontinuations and the further infusions were ana-
lyzed as new rituximab therapeutic sequences. For simplicity, we
classified methotrexate as an oral treatment, although it may also be
administered by the subcutaneous route. A quality control pro-
cedure excluded cases with inconsistent follow-up dates and whose
follow-up after the de-escalation baseline was less than 1 year. The
results of this processing were plotted as timelines and checked
visually by the investigators for every patient (eFigures 14, links.
Iww.com/WNL/C872, linkslww.com/WNL/C873, linkslww.
com/WNL/C874, links lww.com/WNL/C875).

Data Analysis

We addressed the heterogeneity of real-world rituximab regi-
mens by classifying the de-escalations into 7 groups (Figure 1):
(1) complete discontinuations scheduled after a single infusion
cycle, (2) switches to an oral treatment scheduled after a single
infusion cycle, (3) discontinuations scheduled after periodic
infusions (at least 2 cycles), (4) switches to an oral treatment

scheduled after periodic infusions (at least 2 cycles), (S) de-

Neurology | Volume 101, Number4 | July 25,2023

escalations before pregnancies, (6) de-escalations after toler-
ance issues, and (7) sequences of successive increased infusion
intervals. Scheduled de-escalations excluded discontinuations
motivated by tolerance issues, inefficacy, or pregnancies. The
de-escalations before pregnancies or after tolerance issues could
be either discontinuations or switches. The tolerance issues
could be general, local, or biological. The discontinuations for
ineflicacy or for unknown purposes remained ungrouped be-
cause the reason for the treatment change was either different
than a de-escalation strategy or uncertain. Increased infusion
intervals represent a gradual de-escalation, but each new interval
was counted as a de-escalation by the screening algorithm
whatever its length. Therefore, we described and analyzed this
regimen separately by considering the sequences of successive
increased infusion intervals as observation units.

Outcomes

Disease reactivations were defined as the occurrence of one or
more relapses during a given period at risk. For discontinua-
tions and switches, the outcome was the absolute risk of disease
reactivation at 12 months after the de-escalation. For sequences
of successive increased infusion intervals, the outcome was the
absolute risk of disease reactivation during the sequence. We
annualized it to make both outcomes comparable. As second-
ary outcome, we estimated the ARR during the whole de-
escalation follow-up (i.e., from the de-escalation baseline to the
introduction of another IV treatment or censoring).

Statistical Analysis

Patients with AQP4+ and AQP4- NMOSD were analyzed
separately to account for differences in their general therapeutic
responses.37"3’3 Proportions of reactivating patients were consid-
ered as binomial and were presented with their estimated 95% CI
using the Clopper and Pearson method.>**> ARRs were pre-
sented with their estimated 95% CI using a Poisson regression.
First, we analyzed each de-escalation regimen separately. We
refrained from comparing the outcomes statistically between the
groups because they were not randomly allocated. We also
refrained from doing a multivariate inferential analysis because of
the small numbers in each group. Second, we performed a
pooled analysis on group combinations, including the combi-
nation of the 7 groups as “all de-escalations” (analyzing each
increased infusion interval as a de-escalation). The proportions of
reactivation between the subgroups were not compared statisti-
cally because pooling all the de-escalations together introduced a
significant amount of dependency in the data. The low number
of de-escalations per patient (mostly 1 per patient) prevented the
convergence of models adjusting for patient effects. Third, we
performed an exploratory subgroup analysis over the combina-
tion of all de-escalations. We defined subgroups of dichotomized
variables that we considered clinically relevant when planning a
de-escalation: age, disease duration, cumulated number of re-
lapses, time since the last relapse, and last Expanded Disability
Status Scale (EDSS). The dichotomization threshold was set to
the variable’s median over the whole AQP4+ and AQP4- pool of
de-escalations. We analyzed the time to NMOSD reactivation
over the whole de-escalation follow-up using a multivariate Cox
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Figure 2 Absolute Risk of Disease Reactivation Among Different Combinations of De-escalation Groups

A

All grouped de-escalations (n = 137; AQP4+ (119) and AQP4- (18)):

Discontinuation after a single cycle

All discontinuations and switches (n = 46; AQP4+ (35) and AQP4- (11)):

1, L, mm , E., B, m ,

n=13 n=6 n=9 n=5 n=4 n=9

n=13 Discontinuations (N = 29; AQP4+ (22) and AQP4- (7)):
Switch to oral treatment after a single cycle il [ -A
n=6 n=13 n=9 n=2/4 n=5/9
Discontinuation after periodic infusions Switches to an oral treatment (N =A1 7; AQP4+ (13) and AQP4- (4)):
n=9 _|_> -_> -_> -_>
n=6 n=5 n=2/4 n=5/9
Switch to oral treatment after periodic infusions After a single infusion cycle (N = 23; AQP4+ (19) and AQP- (4)):
n=>5 e, My
De-escalation before pregnancies =13 =g =14 0=39
n=4 After periodic infusion (N = 23; AQP4+ (16) and AQP4- (7)):
{ D lati f | i
e-escalation after tolerance issues n=9 h=5 n=3/5 n=6/9
n=9 Sequences of increased infusion intervals:
| Increased infusion intervals willE R
n=91 n=40 "
B -
Number of  Reactivations ARR over the whole
Pooled analysis de-escalations (<12 months) Absolute risk de-escalation follow-up
AQP4+
All de-escalations 119 11 9.2% (4.7; 15.9) =l 0.20(0.14; 0.28)
All discontinuations and switches 35 5 14.3% (4.8; 30.3) —— 0.20(0.13; 0.31)
Discontinuations 22 3 13.6% (2.9; 34.9) s 0.14 (0.06; 0.27)
Switches to oral treatment 13 2 15.4% (1.9; 45.4) 0.29(0.16; 0.48)
After a single infusion cycle 19 3 15.8% (3.4; 39.6) —_— 0.24 (0.13; 0.39)
After periodic infusions 16 2 12.5% (1.6; 38.3) —_—y 0.16 (0.07; 0.32)
AQP4-
All de-escalations 18 5 27.8% (9.7; 53.5) 0.20 (0.09; 0.40)
All discontinuations and switches 11 3 27.3% (6.0; 61.0) 0.18(0.07; 0.39)
Discontinuations 7 2 28.6% (3.7; 71.0) 0.19(0.05; 0.48)
Switches to oral treatment 4 1 25.0% (0.6; 80.6) 0.16 (0.02; 0.58)
After a single infusion cycle 4 2 50.0% (6.8; 93.2) 0.19(0.04; 0.55)
After periodic infusions 7 1 14.3% (0.4; 57.9) 0.17 (0.03; 0.49)
Sequences of increased (Over the Absolute risk adjusted to time
infusion intervals sequence) (annualized)
AQP4+ 36 7 11.7% (4.8; 22.6) - 0.18(0.09; 0.33)
AQP4- 4 2 33.3% (4.3; 77.7) 0.35(0.04; 1.28)

0 10 20 30 40 50
De-escalations (%)

(A) Analysis plan of all the combinations of the groups defined in the flowchart with their respective icons. (B) Combined analysis. The forest plot shows the
estimated risks of NMOSD reactivation at 12 months and their 95% Cls in AQP4+ patients (blue) and in AQP4- patients (red). For comparability with the other
groups, the risk of reactivation during a sequence of increased infusion intervals was adjusted to its duration, yielding annualized risks of reactivation. ARR =

annualized relapse rate; AQP4+ = antiaquaporin 4-IgG antibodies.

proportional-hazards model adjusting for the five variables using
the “survival” and “survminer” R packages. Missing irreversible
EDSS was imputed using the multiple imputation method of the
“mice” R package.

Data Availability and Ethical Statement

Pseudonymized data of this study will be available on reasonable
written request from any qualified investigator. R codes are

Neurology.org/N

provided in supplemental material (eAppendices 1-8, links.Iww.
com/WNL/C864, links.Iww.com/WNL/C865, linkslww.com/
WNL/C866, linkslww.com/WNL/C867, links.lww.com/WNL/
C868, linkslww.com/WNL/C869, links.lww.com/WNL/C870,
linksIww.com/WNL/C871). All patients gave their informed
consent, and data collection was approved by the national ethical
authority (Commission Nationale de I'Informatique et des Lib-
ertés, Registration No. 914066v2).
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Table 3 Characteristics of the NMOSD Reactivations

AQP4+(N=11) AQP4- (N=5)

Sex (female) 10 (90.9%) 3(60.0%)
Rituximab was the first-line 1(9.1%) 2 (40.0%)
treatment
Age at de-escalation (y) 41.9 (22.8-66.1) 35.8 (24.1-51.4)
Disease duration at 7.24(2.30-19.2) 7.75(2.32-13.9)
de-escalation (y)
Cumulated number of previous 8.91 (4.00-19.0) 6.80 (4.00-10.0)
relapses at de-escalation
Time since the last relapse (y) 0.96 (0.08-3.8) 2.3(0.09-7.7)
Time to NMOSD reactivation (mo) 5.5(0.69-10.0) 6.2(1.1-9.9)
Type of relapse
Myelitis 3(27.3%) 1 (20%)
Optic neuritis 4 (36.3%) 2 (40%)
Neuromyelitis optica 1(9.1%) 1 (20%)
Other 3(27.3%) 1 (20%)
EDSS change at 12 mo? 0.18 (0.0-1.0) 0.60 (0.0-2.0)
MRI change after the reactivation 7/8 (87.5%) 2/2 (100%)
Missing MRI at close proximity 3(27.3%) 3 (60%)

of the reactivation

Abbreviations: AQP4+ = antiaquaporin 4-IgG antibodies; EDSS = Expanded
Disability Status Scale; NMOSD = Neuromyelitis optica spectrum disorder.
Quantitative variables: mean (range); categorical variables: n (%).

2 Anirreversible EDSS value was not available before 1 (6.3%) de-escalation.

Results

Characteristics of the Population

and De-escalations

The computerized screening of the NOMADMUS registry
identified 164 real-world rituximab de-escalations among 98
patients between 2006 and 2019. Among them, 137 corre-
sponded to a predefined group (Figure 1) and occurred in 78
patients. Most of these patients were female (n =71; 91.0%),
and most were AQP4+ (n = 6S; 83.3%). The mean age at
disease onset was 36.6 years (min: 7.4; max: 69.1; 12.8%
younger than 18 years). We describe the characteristics of
the patients at the time of de-escalation in each group in
Tables 1 and 2 (AQP4+ and AQP4~- patients pooled). All
de-escalations among a given group were independent (one
de-escalation in the group per patient), except for 2 patients
with 2 distinct sequences of successive increased infusion
intervals during their follow-ups. Five patients had 2 or 3 de-
escalations in different groups (eTable 1, links.lww.com/
WNL/C876). Although all de-escalations had at least 12
months of follow-up, the de-escalation follow-up (i.e., the
follow-up after the de-escalation baseline until the next IV
treatment or censoring) lasted between 0.76 and 9.5 years

(Table 1).
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Combined Group Analysis

We first describe the combined group analysis, as depicted in
Figure 2. Over the whole set of 137 de-escalations, NMOSD
reactivations at 12 months occurred after 11 de-escalations in
patients with AQP4+ NMOSD (9.2% 95% CI [4.7-159]) and
after S de-escalations in patients with AQP4— NMOSD (27.8%
95% CI [9.7-53.5]). Details about the reactivations are presented
in Table 3. The sequences of increased infusion intervals lasted
from 1 to 6 successive infusions over 0.55-6.0 years. The intervals
ranged from 6.6 to 12.9 months. Most sequences were followed by
further rituximab infusions at periodic intervals (eFigure 4, links.
Iww.com/WNL/C875). In patients with AQP4+ NMOSD, the
risk was higher when considering only discontinuations and
switches (14.3%; 95% CI [4.8-30.3]). It was similar whatever the
combination of de-escalation groups from 11.7% (during se-
quences of increased infusion intervals) to 15.8% (after single
infusion cycles). The ARR over the whole de-escalation follow-up
was estimated to be 0.20 95% CI (0.14-0.28). In patients with
AQP4— NMOSD, the risk estimates were higher but less precise
and are therefore not detailed in the text of this report.

Group Analysis

We then describe the analysis of each de-escalation group
(Table 4). Most de-escalations were increased infusion intervals
(84/119 in patients with AQP4+ NMOSD and 7/18 in patients
with AQP4- NMOSD). Table 4 presents their outcome by
taking each increased interval as an observation unit. They are
presented as sequences in Table 2 and analyzed as such in
Figure 2. In the other groups, the number of de-escalations was
low (max: 11 for discontinuations after single infusion cycles).
Most de-escalations after single infusions were close to the last
relapse (range of time since the last relapse: 0.07-1.1 years),
which is consistent with induction strategies (Table 1). The
sequences of periodic infusions lasted from 0.5 to 5.6 years.
Among the 9 de-escalations after tolerance issues, 5 were moti-
vated by general adverse events, 1 by a local adverse event, and 3
by biological adverse events. In patients with AQP4+ NMOSD,
the absolute risk of reactivation at 12 months comprised between
0.0% (for switches after a single infusion cycle and pregnancies)
and 25.0% (for switches after periodic infusions). However, the
large 95% CI ranges hinder numerical comparisons. Over the
whole de-escalation follow-up, no group remained relapse-free,
except pregnancies. One patient with AQP4— NMOSD relapsed
more than 12 months after a de-escalation for pregnancy, which
likely occurred during the postpartum period (eFigure 3, links.
Iww.com/WNL/C874). We encourage the reader to refer to the
individual timelines, available in the supplementary materials
(eFigures 1-4, linksIww.com/WNL/C872, linkslww.com/
WNL/C873, links.lww.com/WNL/C875), for a description of
the individual patient histories.

Exploratory Subgroup Analysis

Finally, to get an exploratory insight into the contexts most
frequently associated with NMOSD reactivations after a de-
escalation, we performed a subgroup analysis over the whole
set of 137 de-escalations (Figure 3). Each increased infusion
interval was analyzed as an observation unit. No reactivation
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Table 4 Estimation of the Absolute Risk of NMOSD Reactivation at 12 Months for Each De-escalation Group and Serotype

No. of Reactivations Absolute ARR over the whole
De-escalation group de-escalations (<12 mo) risk de-escalation follow-up
AQP4+
Discontinuation after a single infusion cycle 1M 2 18.2% (2.3-51.8) 0.20 (0.08-0.40)
Switch to an oral treatment after a single infusion cycle 5 0 0.0% (0.0-52.2) 0.18 (0.04-0.52)
Discontinuation after periodic infusions 7 1 14.3% (0.36-57.9)  0.10(0.01-0.38)
Switch to an oral treatment after periodic infusions 4 1 25.0% (0.6-80.6) 0.28 (0.10-0.61)
De-escalation before pregnancies 3 0 0.0% (0.0-70.8) 0.0 (0.0-0.81)
De-escalation after tolerance issues 5 1 20% (0.5-71.6) 0.34(0.11-0.79)
Increased infusion interval 84 6 7.1% (2.7-14.9) 0.20(0.10-0.35)
AQP4—
Discontinuation after a single infusion cycle 2 0 0.0% (0.0-84.2) 0.0 (0.0-29.6)
Switch to an oral treatment after a single infusion cycle 1 1 100% (2.5-100) 1.27 (0.03-7.09)
Discontinuation after periodic infusions 2 1 50% (1.3-98.7) 0.31 (0.01-1.75)
Switch to an oral treatment after periodic infusions 1 0 0.0% (0.0-97.5) 0.0 (0.0-1.32)
De-escalation before pregnancy 1 0 0.0% (0.0-97.5) 0.86 (0.02-4.79)
De-escalation after tolerance issues 4 1 25.0% (0.6-80.6) 0.23 (0.05-0.66)
Increased infusion interval 7 2 28.6% (3.7-71.0) 0.36 (0.04-1.3)

Abbreviations: ARR = annualized relapse rate; AQP4+ = antiaquaporin 4-IgG antibodies.
Risk and ARR estimates are presented with their estimated 95% Cl. The de-escalation follow-up is the period from the de-escalation baseline to the

introduction of another IV treatment or to the censoring.

occurred in patients who had less than 4 previous relapses in
their histories. Otherwise, the greatest contrast in patients
with AQP4+ NMOSD was between de-escalations close to
and those at a distance from NMOSD activity: 3.1% 95% CI
(0.4-10.8) more than 1 year after the last relapse vs 16.4%
95% CI (7.8-28.8) less than 1 year after the last relapse. In the
survival analysis, both variables were independently associated
with the time to reactivation (adjusted HR of the count of
previous relapses: 7.20 95% CI [1.80-28.74] p = 0.00S)
(adjusted HR of the time since NMOSD activity: 0.22 95% CI
[0.06-0.81] p = 0.023).

Classification of Evidence
This study provides Class IV evidence that de-escalation of
rituximab increases the probability of disease reactivation.

Discussion

This study addressed therapeutic de-escalation in a large co-
hort of patients with NMOSD. NOMADMUS is one of the
largest NMOSD registries for this rare disease, with a na-
tionwide coverage of patient recruitment. This enabled us to
detect 164 real-world de-escalations of rituximab and gain
insight into 137 of them in several regimen scenarios. We
preferred to estimate the risk of disease reactivation as
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primary outcome rather than the ARR. In our opinion, it
better reflects the clinical considerations in the context of a de-
escalation in NMOSD because the disability is driven by
severe attacks.® Nonetheless, we estimated the ARR as a
secondary outcome for ease of comparison with the literature.
Across the studies, the proportions of relapse-free patients are
not reported over consistent follow-up durations. Our pri-
mary results are thus qualitative. Reactivations occurred in
most of the de-escalation groups at 12 months and in all group
combinations, in both patients with AQP4+ and patients with
AQP4- NMOSD. Although less precise, the risk estimates
were higher in AQP4- NMOSD. In our exploratory subgroup
analysis (Figure 3), great age and long disease durations were
associated with similar risks of reactivation. De-escalations
tended to be more successful after prolonged relapse-free
periods (1 year or more) and higher EDSS (4.0 or more). A
high number of cumulated relapses were the characteristic
most associated with reactivations because all reactivations
occurred in patients with a history of at least 4 relapses. Over
the whole de-escalation follow-up, a high number of cumu-
lated relapses and short relapse-free periods were significantly
statistically associated with shorter times to reactivation. In
comparison, a recent case series reported 17 patients with
immunosuppressive treatment discontinuations, including 2
treated with rituximab®’; it found 82% of NMOSD reac-
tivations after a median interval of 6 months.
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Figure 3 Exploratory Subgroup Analysis of the Pooled De-escalations

Exploratory subgroup Number of  Reactivations

ARR over the whole Unadjusted HR over the Adjusted HR over the

analysis de-escalations (<12 months) Absolute risk de-escalation follow-up whole follow-up** whole follow-up**
AQP4+
>50 Years of age 57 4 7.0% (1.9; 17.0) T 0.13(0.06; 0.26) 0.65 (0.24; 1.76) p = 0.400 0.96 (0.32; 2.88) p = 0.946
<50 Years of age 62 7 11.3% (4.7; 21.9) == 0.24(0.16; 0.35)
=5 Years of disease duration 66 7 10.6% (4.4; 20.6) —— 0.22(0.14; 0.34) 0.98 (0.39; 2.49) p = 0.971 0.63(0.20; 1.95) p = 0.423
<5 Years of disease duration 53 4 7.5% (2.1; 18.2) = 0.18 (0.10; 0.30)
21 Year free of disease activity 64 2 3.1% (0.4; 10.8) — 0.10(0.04; 0.22) 0.21(0.06; 0.75) p = 0.016 0.22(0.06; 0.81) p = 0.023
<1 Year free of disease activity 55 9 16.4% (7.8; 28.8) ==l 0.26 (0.18; 0.38)
>4 Cumulated relapses 66 " 16.7% (8.6; 27.9) e 0.30(0.20; 0.42) 4.59 (1.33; 15.87) p = 0.016 7.20 (1.80; 28.74) p = 0.005
<4 Cumulated relapses 53 0 0.0% (0.0; 6.7) = 0.05(0.01; 0.13)
Last EDSS* 4.0 62 4 6.5% (1.8; 15.7) = 0.11(0.06; 0.21) 0.66 (0.26; 1.67) p = 0.375 0.59(0.21; 1.66) p = 0.318
Last EDSS* <4.0 48 10 14.6% (6.1; 27.8) F—— 0.33(0.21; 0.50)
AQP4-
250 Years of age 2 1 50.0% (1.3; 98.7) 0.45(0.05; 1.63) 1.08 (0.13; 8.96) p = 0.946 0.72(0.05; 10.6) p = 0.811
<50 Years of age 16 4 25.0% (7.3; 52.4) —_—0 0.17 (0.06; 0.38)
=5 Years of disease duration 8 2 25.0% (3.2; 65.1) 0.12(0.02; 0.35) 0.86(0.19; 3.88) p = 0.845 0.13(0.01;1.67) p=0.117
<5 Years of disease duration 10 3 30.0% (6.7; 65.2) %> 0.36(0.12; 0.85)
21 Year free of disease activity 5 2 40.0% (5.3; 85.3) e 0.16 (0.02; 0.57) 1.01(0.19; 5.37) p = 0.987 28.76 (0.84; 9.82.10%) p = 0.062
<1 Year free of disease activity 13 3 23.1% (5.0; 53.8) " 023(0.08,049)
24 Cumulated relapses 13 5 38.5% (13.9; 68.4) > 0.28(0.11; 0.58) 4.55(0.53; 39.44) p = 0.169 251.93 (1.46; 43.37.10%) p = 0.035
<4 Cumulated relapses 5 0 0.0% (0.0; 52.2) 0.07 (0.00; 0.39)
Last EDSS* 24.0 5 1 20.0% (0.5; 71.6) 0.19(0.04; 0.56) 0.31(0.06; 1.64) p = 0.169 0.35(0.25; 2.23) p = 0.264
Last EDSS* <4.0 7 3 42.9% (9.9; 81.6) - T 0.30(0.08; 0.77)

(’) 10 2‘0 3‘0 4’0 5’0

De-escalations (%)

Age, disease duration, time since disease activity, the cumulated number of relapses, and the last EDSS were dichotomized according to their medians. Each
increased infusion interval was analyzed as an observation unit. The forest plot shows the estimated absolute risks of reactivation at 12 months and their 95%
Cls in AQP4+ patients (blue) and in AQP4- patients (red). *An irreversible EDSS value was not available before 15 (10.9%) de-escalations. **The hazard ratios
were computed using a Cox proportional-hazards model adjusting for the five variables. Missing EDSS were imputed. ARR = annualized relapse rate; AQP4+ =

antiaquaporin 4-1gG antibodies; EDSS = Expanded Disability Status Scale.

The quantitative results of our study need to be interpreted in
the light of the eflicacy of rituximab maintenance in the lit-
erature. Because de-escalations in our study occurred after
relatively short treatment durations (mean: 1.0 year range [1
cycle, 6.9 years]; Table 1), our analysis population was not
representative of long-term rituximab maintenance. A back-
ground risk before the de-escalation baseline could therefore
not be estimated reliably. However, the efficacy of rituximab
has already been estimated in the same source population
over longer periods. Our group estimated the ARR as 0.1 (SD:
0.2), when used as first-line therapy,”” and as 0.4 (SD: 0.5),
when used as second-line therapy.*® In the rest of the litera-
ture, the ARR under rituximab has been estimated at around
0.1, ranging from 0.0 to 0.21.° The highest estimation is
from a 12-month RCT pooling patients with AQP4+ and
AQP4— NMOSD.? Patients with MOGAD were most likely
included as AQP4- patients because the screening of anti-
MOG antibodies was not available at that time. In general, the
ARR estimate under rituximab is higher than that of patients
with AQP4+ NMOSD (0.25-0.79).*° However, in the reports
of the long-term eflicacy of rituximab, the individual time-
lines suggest a better long-term efficacy of rituximab com-
pared with its short-term efficacy during the first years of
treatment.*”*""** This would be consistent with an induction
effect and with the possibility of spacing rituximab infusions
even more as the treatment duration increases.'® In our study,
the ARR after the discontinuations and switches (0.20, 95%
CI [0.13-0.31] in AQP4+ patients and 0.18, 95% CI
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[0.09-0.40], in AQP4- patients) were a little higher than the
ARR under rituximab maintenance in the literature, or at best,
similar to the short-term efficacy of rituximab. There was no
dramatic rebound that reported in MS after the discontinua-
tions of natalizumab'??® or ﬁngolimod.m'23 Taken together,
the results of our real-world study suggest that de-escalations
from rituximab yield a moderate increase of NMOSD activity
compared with what could be expected under a long-term
maintenance.

In addition to the lack of an estimated background risk, our
study has several limitations related to the retrospective, real-
world, registry-based study design. (1) In the case of periodic
infusions, the de-escalations occurred after relatively short
treatment durations (Table 1). They are likely not represen-
tative of de-escalations after several years of treatment
maintenance, which remained an anecdotal scenario here. (2)
Rituximab regimens were not standardized as the therapeutic
management of NMOSD was not codified during the
extracted period of follow-up. Some guidelines have been
proposed for the use of rituximab at the end of the extracted
period.7 To some extent, rituximab treatments were subject to
retrospective strategic interpretations. We addressed this is-
sue by adopting a descriptive rather than an epidemiologic
approach by grouping de-escalations into numerous, but
homogeneous, regimens and eventually pooling them in a
controlled fashion for the combined analysis. (3) A conse-
quence of this approach was to have a small number of
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patients in most regimen groups. This resulted in a poor
statistical power for the 95% CI estimates. Therefore, we
refrained from multivariate statistical analysis and patient-
matching techniques. (4) The comparability of the patients
between the regimen groups was limited, thereby making
between-group comparisons only indicative. (5) Relapses
were not retrospectively assessed for the purpose of excluding
any flare-ups. This was circumvented by considering disease
reactivations (1 or more relapses) as our primary outcome,
rather than the ARR. Therefore, de-escalation clinical trials
are needed to compare standardized de-escalation regimens
prospectively.

The immunophenotyping is also limited in the data collected in
the registry. (1) Longitudinal AQP4-IgG titer and B-cell sub-
population monitoring (CD19 and CD27 counts) are known
predictors of NMOSD reactivation®”* but are not recorded in
the NOMADMUS database. (2) The analysis of the 4 de-
escalations related to pregnancy in our study is limited because
few details of the pregnancy were recorded in the database.
Pregnancies in patients with NMOSD have been extensively
analyzed elsewhere.***” As in our study, the pregnancy period is
associated with a lower disease activity but is followed by a
rebound of activity during the postpartum period, which is the
most likely interpretation of the reactivation at 13.5 months in
our patient 33. (3) Eculizumab, inebilizumab, and satralizumab
are recently approved drugs for NMOSD whose RCTs were
only published during the last years of our follow-up
period.>***** These drugs will only be assessable after years of
use. (4) De-escalations required by the COVID-19 pandemic
could not be analyzed either because data were extracted just
after the first “wave” and a right censoring of 1 year was required
for data quality purposes. Therefore, our de-escalation set reflects
spontaneous, real-world scenarios rather than de-escalations
constrained by the pandemic.

Aging is often taken into consideration when planning a
therapeutic de-escalation in neuroinflammatory diseases.
Contrary to MS," the inflammatory activity of NMOSD is also
important at great ages at onset.*’ Although recent data on
late-onset NMOSD have been reported,so’51 data about aging
in patients with early-onset NMOSD are scarce in the litera-
ture. In our study, the risk of reactivation before and beyond
S0 years was similar. Therefore, clinicians should remain
cautious even for patients at advanced ages. On the other
hand, this population is also more vulnerable to opportunistic
infections and to the risk of cancer, either through a cumu-
lative cytotoxicity or through a reduced level of immuno-
surveillance. It is therefore the population that will most likely
be affected by eventual sustained rituximab-induced second-
ary immunodeficiencies. In summary, besides any biological
monitoring, a close follow-up is needed after the de-escalation
to treat any reactivation as early as possible.”*

Therapeutic de-escalations of rituximab in patients with
NMOSD are associated with a risk of disease reactivation at
12 months whatever the de-escalation regimen. This risk
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seems to be a moderate increase of NMOSD activity, com-
pared with what could be expected under long-term mainte-
nance of rituximab therapy. De-escalation clinical trials are
needed to confirm these findings. B-cell repopulation moni-
toring is a promising approach to assess the propensity of
NMOSD to reactivate. The risk of disease reactivation after
discontinuations of the recently approved NMOSD drugs
remains to be assessed.
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Demuth, MD, Strasbourg University manuscript for content, Universitaire de Bordeaux, for content; major role in
MSc Hospital, Strasbourg, France including medical writing Bordeaux, France; Université the acquisition of data
for content; study concept de Bordeaux, INSERM U1215,
or design; analysis or Neurocentre Magendie,
interpretation of data Bordeaux, France
Nicolas Department of Neurology, Drafting/revision of the Helene Department of Neurology, Drafting/revision of the
Collongues,  Strasbourg University manuscript for content, Zephir, MD,  University Hospital of Lille, manuscript for content,
MD, PhD Hospital, Strasbourg, France; including medical writing PhD UFR3S Univ-Lille, Inserm U including medical writing

Clinical Investigation Center, for content; major role in 1172, Lille, France for content; major role in

Strasbourg University the acquisition of data; the acquisition of data

Hospital, Strasbourg, France  study concept or design;
analysis or interpretation Romain Service de Neurologie, Drafting/revision of the
of data Marignier, Sclérose en Plaques, manuscript for content,

MD, PhD Pathologies de la Myéline et  including medical writing
Bertrand Department of Neurology, Drafting/revision of the Neuro Inflammation, and for content; major role in
Audoin, MD,  APHM, Hopital de la Timone, manuscript for content, Centre de Référence des the acquisition of data;
PhD Pole de Neurosciences including medical writing Maladies Inflammatoires study concept or design

Cliniques, Marseille, France  for content; major role in Rares du Cerveau et de la

the acquisition of data Moelle (MIRCEM), H6pita|
Neurologique Pierre
Xavier Department of Neurology, Drafting/revision of the Wertheimer, Bron, France;
Ayrignac, Montpellier University manuscript for content, Centre des Neurosciences
MD, PhD Hospital, Montpellier, France including medical writing de Lyon-FORGETTING team,
for content; major role in INSERM 1028 and CNRS
the acquisition of data UMR5292, Lyon, France;
Université Claude Bernard
Bertrand Department of Neurology, Drafting/revision of the Lyon 1, Lyon, France
Bourre, MD Rouen University Hospital, manuscript for content,

Rouen, France including medical writing Jerome De Department of Neurology, Drafting/revision of the
for content; major role in Seze, MD, Strasbourg University manuscript for content,
the acquisition of data PhD Hospital, Strasbourg, France; including medical writing

Clinical Investigation Center, for content; major role in
Jonathan Department of Neurology Drafting/revision of the Strasbourg University the acquisition of data;
Ciron, MD, CRC-SEP, CHU Toulouse, manuscript for content, Hospital, Strasbourg, France  study concept or design;
PhD Toulouse, France; including medical writing analysis or interpretation

Department of Neurology, for content; major role in of data

CHU Poitiers, Poitiers 86021, the acquisition of data

France

Mikael Department of Neurology, Drafting/revision of the
Cohen, MD CHU de Nice, UR2CA-URRIS,  manuscript for A . .

Nice Cote d’Azur University,  content, including APPENdlx 2 Co-investigators

Nice, France medical writing for
content; major role in the Name Location Role Contribution
acquisition of data

Thibaut Department of Site Participation in the
Romain Department of Neurology, Drafting/revision of the Moreau, MD, neurology, university investigator study design and
Deschamps,  Hopital fondation Adolphe de  manuscript for content, PhD hospital of Dijon, France data collection
MD, PhD Rothschild, Paris, France including medical
writing for content; Agnes Department of Site Participation in the
major role in the Fromont, MD neurology, university investigator study design and
acquisition of data hospital of Dijon, France data collection
Frangoise Department of Neurology, Drafting/revision of the Laure Department of Site Participation in the
Durand- Sclérose en Plaques, manuscript for content, Michel, MD  neurology, university investigator study design and
Dubief, MD,  Pathologies de la Myéline et  including medical writing hospital of Rennes, data collection
PhD Neuro-inflammation, H6pita| for content; major role in France
Neurologique, Hospices Civils  the acquisition of data
de Lyon, Lyon, France Emmanuelle Department of Site Participation in the
Lepage, MD  neurology, university investigator study design and
Elisabeth Department of Neurology, Drafting/revision of the hospital of Rennes, data collection
Maillart, MD  AP-HP, Pitié-Salpétriére manuscript for content, France

Hospital, Paris, France including medical
writing for content; Nathalie Department of Site Participation in the
major role in the Derache, MD neurology, university investigator study design and

acquisition of data hospital of Caen, France data collection
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Appendix 2 (continued)

Name Location Role Contribution
Aude Department of Site Participation in the
Maurousset neurology, university investigator study design and
hospital of Tours, France data collection
Eric Berger, Department of Site Participation in the
MD neurology, university investigator study design and
hospital of Besangon, data collection
France
Guillaume Department of Site Participation in the
Mathey, MD neurology, university investigator study design and
hospital of Nancy, France data collection
Eric Department of Site Participation in the
Thouvenot, neurology, university investigator study design and
MD, PhD hospital of Nimes, data collection
France
Sébastien Department of Site Participation in the
Cabasson, neurology, hospital of investigator study design and
MD Pau, France data collection
Nicolas Department of Site Participation in the
Maubeuge,  neurology, university investigator study design and
MD hospital of Poitiers, data collection
France
Karolina Department of Site Participation in the
Hankiewicz, neurology, university investigator study design and
MD hospital of Saint Denis, data collection
France
Philippe Department of Site Participation in the
Kerschen, neurology, hospital of investigator study design and
MD Luxembourg, data collection
Luxembourg
Gwenaelle Department of Site Participation in the
Runovaot, neurology, university investigator study design and
MD hospital of Saint Denis, data collection
France
Davide Department of Site Participation in the
Laplaud, MD, neurology, university investigator study design and
PhD hospital of Nantes, data collection
France
Sandra Department of Site Participation in the
Vukusic, MD, neurology, university investigator study design and
PhD hospital of Lyon, France data collection
Francgois Department of Site Participation in the
Cotton, MD, neurology, university investigator study design and
PhD hospital of Lyon, France data collection
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