
HAL Id: hal-03623634
https://hal.science/hal-03623634

Submitted on 29 Mar 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

A meta-analysis comparing first-line
immunosuppressants in neuromyelitis optica

J. Giovannelli, J. Ciron, M. Cohen, H.-J. Kim, S.-H. Kim, J.-P. Stellmann, I.
Kleiter, M. Mccreary, B.M. Greenberg, R. Deschamps, et al.

To cite this version:
J. Giovannelli, J. Ciron, M. Cohen, H.-J. Kim, S.-H. Kim, et al.. A meta-analysis comparing first-line
immunosuppressants in neuromyelitis optica. Annals of Clinical and Translational Neurology, 2021, 8
(10), pp.2025-2037. �10.1002/acn3.51451�. �hal-03623634�

https://hal.science/hal-03623634
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


RESEARCH ARTICLE

A meta-analysis comparing first-line immunosuppressants
in neuromyelitis optica
Jonathan Giovannelli1, Jonathan Ciron2, Mikael Cohen3, Ho-Jin Kim4, Su-Hyun Kim4,
Jan-Patrik Stellmann5, Ingo Kleiter6,7, Morgan McCreary8, Benjamin M. Greenberg8,
Romain Deschamps9, Bertrand Audoin10 , Elisabeth Maillart11,12, Caroline Papeix11,12,
Nicolas Collongues13, Bertrand Bourre14, David Laplaud15, Xavier Ayrignac16 ,
Franc�oise Durand-Dubief17, Aur�elie Ruet18, Sandra Vukusic17, Romain Marignier17,19 ,
Luc Dauchet20, H�el�ene Zephir21 & NEMOS (Neuromyelitis Optica Study Group in Germany),
NOMADMUS (Neuromyelitis Optica study Group in France), OFSEP (Observatoire Franc�ais de la
Scl�erose en Plaques) investigators
1GIOVANNELLI Epidemiology and Clinical Research Counselling, Lille, France
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Abstract

Objective: As phase III trials have shown interest in innovative but expensive

drugs in the treatment of neuromyelitis optica spectrum disorder (NMOSD),

data are needed to clarify strategies in the treatment of neuromyelitis optica

(NMO). This meta-analysis compares the efficacy of first-line strategies using

rituximab (RTX), mycophenolate mofetil (MMF), or azathioprine (AZA),

which are still widely used. Methods: Studies identified by the systematic review

of Huang et al. (2019) were selected if they considered at least two first-line

immunosuppressants among RTX, MMF, and AZA. We updated this review.

The Medline, Cochrane Central Register of Controlled Trials, Embase, and

ClinicalTrials databases were queried between November 2018 and April 2020.

To be included, the hazard ratio (HR) [95% CI] for the time to first relapse

after first-line immunosuppression had to be available, calculable, or provided

by the authors. Results: We gathered data from 919 NMO patients (232 RTX-,
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294 MMF-, and 393 AZA-treated patients). The risk of first relapse after first-

line immunosuppression was 1.55 [1.04, 2.31] (p = 0.03) for MMF compared

with RTX, 1.42 [0.87, 2.30] (p = 0.16) for AZA compared with RTX, and 0.94

[0.58, 1.54] (p = 0.08) for MMF compared with AZA. Interpretation: The find-

ings suggest that RTX is more efficient than MMF as a first-line therapy. Even

if the results of our meta-analysis cannot conclude that RTX has a better effi-

cacy in delaying the first relapse than AZA, the observed effect difference

between both treatments combined with the results of previous studies using as

outcome the annualized relapse rate may be in favor of RTX.

Introduction

Neuromyelitis optica (NMO) is an inflammatory disease

of the central nervous system (CNS) that is described as

an astrocytopathy leading to the loss of astrocytes associ-

ated with extensive tissue damage along with complement

deposition and pro-inflammatory cytokine, macrophage,

and granulocyte infiltrates.1–7 This active and debilitating

clinical entity leads clinicians to engage in the active man-

agement of attacks and to prevent further attacks with

immunosuppressants.

Treatment strategies in the management of NMO and

NMOSD patients are a popular topic, as several recent

phase III clinical trials have shown the efficacy of inebi-

lizumab (anti-CD19), eculizumab (anti-C5 fraction of

complement), satralizumab (anti-IL6 receptor), and ritux-

imab (anti-CD20).8–12 All these innovative drugs were

compared to placebo in sometimes add-on treatment

strategies. Eculizumab and satralizumab have been

recently approved in North America and by the European

Medicines Agency for controlling NMOSD activity associ-

ated with anti-AQP4 antibodies.

Recommendations in the management of NMO and

NMOSD are still not updated and remain to be discussed.

Indeed, the recent development of innovative molecules

left unsolved the clinical situation of NMO occurring

without anti-AQP4 antibodies, as well as the risk of such

new therapies in the long term, and raises the important

public health question of the cost of such therapies in

general and notably in low-income countries. It is inter-

esting to highlight that in France, the French Health

Administration called Haute Autorit�e de Sant�e (HAS)

approved eculizumab for the treatment of active NMOSD

refractory to off-label molecules such as AZA, MMF, and

RTX (https://www.has-sante.fr/jcms/p_3202348/fr/soliris).

To help further discussions of the treatment strategies

in NMO/NMOSD, a few studies have compared the use

of RTX, MMF, and AZA to control disease activity.

Huang et al.13 published in 2019 a meta-analysis compar-

ing the immunosuppressants previously used in the treat-

ment of NMO (including cyclosporine, methotrexate,

cyclophosphamide, azathioprine, mycophenolate mofetil

and, in a few patients, rituximab).13 They concluded that

RTX and MMF were superior to AZA and may be recom-

mended as optimal treatments to prevent relapses. This

work provided interesting data but had several limita-

tions. The authors considered all immunosuppressants

and mixed first-line therapies and cumulative-line condi-

tions. Moreover, the outcome they used was the annual-

ized relapse rate (ARR), while the most recent studies,

including phase III clinical trials, used the time to first

relapse, which is more appropriate for the objective of

disease-modifying drugs in the treatment of NMO. The

main limitation was that they concluded that RTX and

MMF may be equivalent based on the absence of a statis-

tically significant difference concerning the efficacy of

these two immunosuppressants, which could be mislead-

ing.

Thus, we designed an updated systematic review and

meta-analysis to compare the efficacy of the major

immunosuppressants administered, that is, RTX, AZA,

and MMF, in the treatment of NMO using the time to

first relapse as the main outcome.

Methods

We followed the Meta-analysis of Observational Studies

in Epidemiology (MOOSE) guidelines.14

Search strategy for the selection of eligible
studies

First, we considered the studies identified by the system-

atic review of Huang et al.13 Briefly, these authors consid-

ered all published and unpublished comparative studies,

covering at least two interventions among immunosup-

pressive drugs and monoclonal antibodies, updated to 21

November 2018, in English.13 We selected studies if they

considered at least two immunosuppressants among RTX,

MMF, and AZA only in first-line conditions.

Second, we updated this systematic review. The Med-

line, Cochrane Central Register of Controlled Trials

(CENTRAL), Embase, and ClinicalTrials databases were

queried using the following search terms: (Neuromyelitis
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optica spectrum disorder OR Neuromyelitis optica OR

NMOSD OR NMO) AND (Rituximab OR Rituxan OR

MabThera OR Azathioprine OR Imurel OR Mycopheno-

late mofetil OR Cellcept) between 21 November 2018,

and 28 April 2020, for the time to first relapse literature

search. Language was restricted to English or French.

Queries were reviewed by three authors (HZ, JZ, and

MC) to assess appropriateness for inclusion; a fourth

author (JG) arbitrated any disagreement until consensus

was reached.

Inclusion and exclusion criteria

All comparative studies, from randomized controlled tri-

als to prospective or retrospective cohort studies compar-

ing at least two first-line immunosuppressants among

RTX, MMF, and AZA in NMO or NMOSD patients, irre-

spective of the serological status or the outcome used for

the comparison of the efficacy of immunosuppressants,

were eligible for inclusion. Then, we contacted all the cor-

responding authors of eligible studies to offer them col-

laboration and obtain unpublished information. To be

included in the analysis, the hazard ratio (HR) for the

time to first relapse after first-line immunosuppression

had to be available for comparisons between immunosup-

pressants.

We excluded publications considering specifically

patients having MOGAD (MOG autoimmune disease).

Outcome measures and data extraction

In this meta-analysis, we considered the HR for the time

to first relapse after first-line immunosuppression to be an

outcome of efficacy. Thus, studies were included in the

meta-analysis if we obtained the HR [95% confidence

interval (CI)] for the time to first relapse. HRs [95% CIs]

were obtained in different ways. First, we extracted the data

directly when published in the included studies. Second,

we computed the HR [95% CI] from Kaplan–Meier curves

or plots representing individual data when possible. Third,

several corresponding authors of eligible studies provided

these statistics. Indeed, most studies, especially older stud-

ies, used the ARR as an outcome of efficacy, but data col-

lected for the calculation of the ARR allow the calculation

of the HR [95% CI] for the time to first relapse after the

start of first-line immunosuppression.

In the same way, we extracted additional information

(study design, patient phenotype, sample size, the number

of events, follow-up time, anti-AQP4 positivity, age, sex

ratio, pretreatment ARR, concurrent use of prednisone,

and IS regimen) directly from published data when possi-

ble or obtained this information from the corresponding

authors of the included studies. We also extracted or

obtained data in subgroups including only NMO patients

with anti-AQP4 antibodies when possible.

Quality assessment of included studies

Using the Newcastle–Ottawa Scale,15 two reviewers (JC

and MC) independently evaluated the risk of bias of the

included study criteria covering selection, comparability,

and outcome. A score of 5 or less (out of 9) corre-

sponded to a high risk of bias. A third author (JG) arbi-

trated any disagreement until consensus was reached.

Statistical analysis

Pooled results were expressed as the HR for the time to

first relapse after first-line immunosuppression comparing

one IS with another (RTX vs. MMF, RTX vs. AZA, and

AZA vs. MMF), with 95% confidence intervals (CIs). For

each meta-analysis, the Der Simonian and Laird method

was used.16 Studies were considered a random sample

from a population of studies. Statistical heterogeneity was

tested for each analysis. The possibility of publication bias

was assessed by funnel plot analysis and the Egger test.17

We conducted meta-regressions to evaluate the impact of

a moderator effect that may explain heterogeneity. The

moderators studied were the proportion of anti-AQP4

antibody patients, female sex, concurrent use of pred-

nisone, and the mean age and pretreatment ARR of the

two-treatment group (except for the studies of Jeong

et al.18 and McCreary et al.19 for which we used the mean

of the pretreatment ARR medians pondered by the num-

ber of patients). Finally, we conducted a sensitivity analy-

sis only in anti-AQP4-positive patients.

All analyses were performed using R software and the

metafor package (R Development Core Team, 2011; R

Foundation for Statistical Computing, Vienna, Austria).

Results

Description of included studies

First, the meta-analysis of Huang et al.13 identified 10

comparative studies covering at least two interventions

among immunosuppressive drugs and monoclonal anti-

bodies in NMO patients updated to 21 November 2018.

Among them, we excluded two studies because they did

not consider at least two immunosuppressants among

RTX, MMF, and AZA.20,21 Thus, eight studies were eligi-

ble for inclusion in our meta-analysis based on the studies

identified in the review of Huang et al. (Fig. 1). Second,

we updated this review. A total of 373 records were iden-

tified from the Medline, CENTRAL, Embase, and Clini-

calTrials databases search, including 366 nonduplicated
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studies, which were screened on the basis of title and

abstract. Among them, we identified five eligible studies.

In total, we identified 13 eligible, observational studies,

and we contacted the corresponding authors.

Among the 13 eligible studies, 5 were excluded because

insufficient data for the calculation of the HR [95% CI]

for the time to first relapse were obtained, with no

response from the corresponding author.22–26 One study

was excluded, Mealy et al. 2014,27 because a large part of

the population was already included in another study,

McCreary et al., 2018,19 included in this meta-analysis

and because of the inability to retrieve data from nondu-

plicated patients. Finally, seven observational studies com-

paring at least two first-line immunosuppressants among

RTX, MMF, and AZA were included in the meta-analysis

of NMO patients: Xu et al., 2016,28 Chen et al., 2017,29

Jeong et al., 2016,18 McCreary et al., 2018,19 Yang et al.,

2018,30 Stellmann et al., 2017,31 and Poupart et al.,

2020,.32 Four studies were included for the analysis of

NMO and anti-AQP4�positive patients: Jeong et al.,

2017,18 McCreary et al., 2018,19 Stellmann et al., 2018,31

and Poupart et al., 2020.32 For three studies, the HR

[95% CI] for the time to first relapse was provided by the

corresponding author: Jeong et al., 2016,18 McCreary

et al., 2018,19 and Stellmann et al., 2018.31 The data of

the publications of Jeong et al.18 and McCreary et al.19

were updated in 2020 with additional patients for the

meta-analysis. For two studies, HRs were obtained

directly from published data: Xu et al., 201628 and Pou-

part et al., 2020.32 For two studies, HRs were calculated

from the published Kaplan–Meier curve, Yang et al.,

2018,30 or published figure showing plots representing

individual data, Chen et al., 2017.29

The characteristics of the included studies are described

in Table 1. The level of evidence was grade 3 for these

observational studies. These studies included 919 NMO

patients (232 RTX-, 294 MMF-, and 393 AZA-treated

patients). Among them, 717 (83.9%) were positive for

anti-AQP4.

Quality of included studies

The overall quality of the included studies is summarized

in Table 2. Three studies received eight stars, and four

studies received nine stars, indicating a very good quality

of the observational studies included in the meta-analysis.

Comparison of the efficacy of first-line
immunosuppressants

The pooled HR [95% CI] for the time to first relapse

after the start of first-line immunosuppression was esti-

mated for every comparison of immunosuppressants. Five

studies were used for the comparison between RTX and

MMF. We observed a higher risk of first relapse in MMF-

treated patients than in RTX-treated patients (HR = 1.55

Figure 1. Flow diagram. RTX, rituximab; MMF, mycophenolate mofetil; AZA, azathioprine; NMO, neuromyelitis optica, anti-AQP4+, anti-

aquaporin-4-positive.
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[1.04, 2.31], p = 0.032, p for heterogeneity = 0.31)

(Fig. 2). Five studies were used for the comparison

between RTX and AZA. We did not observe a difference

between groups (pooled HR = 1.42 [0.87, 2.30], p = 0.16,

p for heterogeneity = 0.10, RTX as reference) (Fig. 3).

Seven studies were used for the comparison between AZA

and MMF. We did not observe a difference between

groups (HR = 0.94 [0.58, 1.54], p = 0.82, p for hetero-

geneity = 0.004, AZA as reference) (Fig. 4).

Publication bias was investigated through funnel plots.

We did not observe a significant Egger test for any com-

parison between immunosuppressants (data not shown).

Figure 2. Forest plot of the hazard ratio for the association between the time to first relapse and first-line immunosuppression using

mycophenolate mofetil (MMF) or rituximab (RTX) (as reference) in NMO patients.

Table 2. Risk of bias assessment for observational studies.

Author, Year

Selection Comparability Outcome

Total score1 2 3 4 1 1 2 3

Jeong et al., 201618 * * * * ** * * * 9

Chen et al., 201729 * * * * * * * * 8

Xu et al., 201628 * * * * * * * * 8

Stellmann et al., 201731 * * * * ** * * * 9

Yang et al., 201830 * * * * * * * * 8

McCreary et al., 201819 * * * * ** * * * 9

Poupart et al., 202032 * * * * ** * * * 9
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Meta-regression did not show a significant effect of

anti-AQP4 positivity (p = 0.58, p = 0.77, and p = 0.74),

age (p = 0.11, p = 0.20, and p = 0.07), sex (p = 0.06,

p = 0.61, and p = 0.60), pre-treatment ARR (p = 0.42,

p = 0.42, and p = 0.80), or concurrent use of prednisone

(p = 0.92, p = 0.51, and p = 0.36) for the comparisons

RTX versus MMF, RTX versus AZA, and AZA versus

MMF, respectively.

Meta-analysis in anti-AQP4-positive patients

We did not observe a difference between RTX and MMF

(pooled HR = 1.45 [0.89, 2.39], p = 0.14, p for hetero-

geneity = 0.23, RTX as reference), RTX and AZA (pooled

HR = 1.32 [0.70, 2.51], p = 0.39, p for heterogene-

ity = 0.047, RTX as reference), or AZA and MMF (pooled

HR = 1.07 [0.42, 2.76], p = 0.89, p for heterogene-

ity = 0.003, AZA as reference) (Fig. 5A–C).

Discussion

We showed that in the whole NMO population, the risk

of first relapse after the start of first-line immunosuppres-

sion was (i) 1.55 [1.04, 2.31] for MMF compared with

RTX, (ii) 1.42 [0.87, 2.30] for AZA compared with RTX,

and (iii) 0.94 [0.58, 1.54] for MMF compared with AZA.

Methodological issues

As the meta-analysis of Huang et al.13 used a systematic

review of all publications comparing immunosuppressants

in the treatment of NMO, regardless of the treatment

line, we updated this quality systematic review and

selected papers comparing at least two treatments among

AZA, MMF, and RTX in first-line conditions.

Given the paucity of the population, the strength of

this study is based on the high number of NMO patients

Figure 3. Forest plot of the hazard ratio for the association between the time to first relapse and first-line immunosuppression using azathioprine

(AZA) or rituximab (RTX) (as reference) in NMO patients.
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treated by either RTX, MMF, or AZA. Moreover, we

chose to compare the treatments with each other using

the relapse-free condition as the primary outcome. This

outcome is more relevant than the ARR in NMO pathol-

ogy, as clinical prognosis in NMO is directly related to

relapse. This outcome was used for the primary objective

in recent phase III trials in the treatment of NMO.8–12 In

addition, we chose to focus on first-line therapies to

avoid the cumulative effect of immunosuppressants.

Another strength was the comparison of the main

immunosuppressants used today worldwide. This study

could be complementary to the phase III trials comparing

different molecules with placebo to discuss future treat-

ment strategies.

A study limitation was that only 7 out of 13 eligible

studies were included because of the lack of data in publi-

cations and that some corresponding authors did not

reply to our request for collaboration. This meta-analysis

was based on observational studies, which implied hetero-

geneity between studies and a level of evidence lower than

that of clinical trials. In addition, although the doses of

AZA and MMF were similar between the included studies,

RTX was used at low-dose in one study. An important

limitation was that the results were not adjusted for

potential confounding factors, as we did not have any

access to individual data. To identify a potential factor

biasing the results, meta-regressions were performed for

several parameters of interest, such as anti-AQP4 positiv-

ity, disease activity before treatment, or concomitant use

of prednisone. No univariate test was significant; however,

meta-regression results should be interpreted with caution

due to the low number of studies. We could not include

several variables in a single statistical model due to this

low number of studies. The evaluation of publication bias

from funnel plots and Egger tests should also be inter-

preted with caution due to the low number of studies.

Figure 4. Forest plot of the hazard ratio for the association between the time to first relapse and first-line immunosuppression using

mycophenolate mofetil (MMF) or azathioprine (AZA) (as reference) in NMO patients.

ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association 2033

J. Giovannelli et al. Meta-analysis of immunosuppressants in NMO



Moreover, for two publications,29,30 we calculated the HR

from published graphs, which might lead to very slightly

imprecise calculated values but without biasing our

results. Finally, we chose not to limit the meta-analysis to

only publications considering NMOSD patients, as the

criteria for this disorder are recent,33 and we could not

exclude papers that did not measure anti-MOG activity

to exclude MOGAD patients, as the criteria for this dis-

ease are also recent.34–36 Thus, we performed a sensitivity

analysis in NMO patients with anti-AQP4 positivity when

data were available. However, the results of this analysis

were difficult to interpret. We did not observe any signifi-

cant difference between groups, but the HRs in the NMO

population and in the anti-AQP4-positive patients were

close as most patients (84%) in the NMO population

were anti-AQP4-positive, and the results of the meta-

regression did not support a major effect of anti-AQP4

status on the treatments, as found in our previous

study.32 Interpreting these findings as a better effect of

RTX than MMF on NMO, but not on NMO in patients

with anti-AQP4 positivity, maybe due to a decrease of the

power, would be misleading.

Figure 5. Forest plot of the hazard ratio for the association between the time to first relapse and first-line immunosuppression using (A)

mycophenolate mofetil (MMF) or rituximab (RTX) (as reference), (B) azathioprine (AZA) or rituximab (RTX) (as reference), (C) mycophenolate

mofetil (MMF) or azathioprine (AZA) (as reference), in NMO in patients positive for anti-aquaporin-4 antibodies.
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Comparison of RTX versus MMF

The results showed a higher risk of first relapse under

MMF versus RTX. We have included all the studies com-

paring these two immunosuppressants, except the study

of Mealy et al.27 to avoid duplicates as a large part of the

population was already included in the study of McCreary

et al.19 The meta-analysis of Huang et al.13 did not show

a difference between MMF and RTX, using the ARR as

an outcome, from the traditional pairwise meta-analysis

(standardized mean differences [95% CI] = 0 [�0.57,

0.57]), including only one study, Yang et al.,30 or

the network meta-analysis (standardized mean differ-

ences = �0.70 [�1.62, 0.26]).

Comparison of RTX versus AZA

Our findings did not find a significant difference between

AZA and RTX, with a pooled HR of 1.42 [0.87, 2.30],

p = 0.16. This finding could obviously mean that there is

no difference between these two immunosuppressants.

However, this result could also reflect a lack of power.

Moreover, the results of the study of Stellmann et al.31

seemed discordant with those of other studies and could

explain the absence of an observed difference. We stress

that we did not identify any explanation to understand

this conflicting result.

Using the ARR as an outcome (and not the time to

first relapse), previous studies pointed out that the effi-

ciency of RTX was better than that of AZA. In the study

of Nikoo et al.,22 the decrease in the ARR after immuno-

suppression was significantly higher in the RTX group

than in the AZA group (mean (standard devia-

tion) = 1.09 (0.72) vs. 0.49 (0.59), p < 0.001). In the

study of Torres et al.,26 the median ARR decreased from

1.17 to 0.25 on RTX (p < 0.01) and from 0.92 to 0.56 on

AZA (p = 0.475); however, a comparison of the decrease

in the ARR after immunosuppression between these two

immunosuppressants was not performed. Huang et al.13

described a significant difference in favor of RTX in the

control of the ARR from the traditional pairwise meta-

analysis (standardized mean differences = �0.91 [�1.78,

�0.038]) or the network meta-analysis (standardized

mean differences = �0.86 [�1.60, �0.11]). Even if the

meta-analysis cannot conclude that RTX has a better effi-

cacy in delaying the first relapse than AZA, the difference

in the effect between the two treatments may be in favor

of RTX. On the basis of these data together with data

from studies that could not be included in our work and

that we reported above, we could suggest that RTX might

be more efficacious than AZA to control the clinical

activity in NMO patients.

Comparison of AZA versus MMF

We did not find a difference between these two immuno-

suppressants. The difference effect was close to 1 (pooled

HR = 0.94 [0.58; 1.54]), with the larger groups included

in this meta-analysis. In the study of Huang et al., no dif-

ference in the control of the ARR was observed between

groups from the traditional pairwise meta-analysis (stan-

dardized mean differences = 0.007 [�0.20, 0.21]) or

the network meta-analysis (standardized mean differ-

ences = �0.15 [�0.89, 0.57]). All these results suggest a

similar effect of AZA and MMF in the control of the

disease.

Tolerance

Although the safety question is a key question, we chose

not to analyze adverse effects (AEs), as data for this

parameter are difficult to collect in retrospective, observa-

tional studies. No AZA-, MMF-, or low-dose RTX-treated

patients discontinued the treatment in Yang’s cohort30;

similarly, no MMF- and AZA-treated patients discontin-

ued the treatment in Chen’s cohort,29 and no low-dose

RTX- and AZA-treated patients discontinued the treat-

ment in Zhang’s cohort.23 Nikoo et al. counted 3/33

AZA- and 1/35 RTX-treated patients who discontinued

the treatment owing to gastroenterological intolerance

(AZA) and allergy (RTX).22 Xu et al. reported 28.6% of

AZA- and 5.3% of MMF-treated patients who discontin-

ued the treatment owing to intolerance.28 Huang et al., in

their meta-analysis, concluded that the lowest number of

AEs was observed for MMF, without any significant dif-

ference compared to RTX, but with a significant differ-

ence compared to AZA.13 However, they did not

distinguish AEs from serious AEs. Despite the similar per-

centage of side effects in AZA-, RTX-, and MMF-treated

patients in Torres’ cohort, they counted one death in each

AZA and RTX group due to sepsis.26 In our previous

study, we chose to focus on serious infectious events

(SIEs) to ensure retrospective data collection.32 We found

SIEs in 8.1% of RTX- and 11.9% of MMF-treated patients

and no SIEs in AZA-treated patients after a median dura-

tion of treatment of 2.6 � 2.4 years.32 Data concerning

the tolerance of AZA, MMF, and RTX as first-line therapy

in NMO remain scarce, but this may suggest that no sig-

nificant tolerance concern can be raised in one IS com-

pared to the others.

In conclusion, the results of this updated systematic

review and meta-analysis of the most widely used

immunosuppressants in first-line strategies for NMO sug-

gest that RTX is more efficient than MMF in delaying

relapses. Even if the results of our meta-analysis cannot
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conclude that RTX has a better efficacy in delaying the

first relapse than AZA, the observed effect difference

between both treatments combined with the results of

previous studies using as outcome the annualized relapse

rate may be in favor of RTX. These results aim to help

future first-line treatment strategies that will have to con-

sider (i) seronegative NMOSD, (ii) the place of the treat-

ments that are most largely used today and that were not

used as comparators in phase III trials, and (iii) the pub-

lic health cost.
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