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ABSTRACT

Introduction: Neuromyelitis optica spectrum
disorder (NMOSD) is a rare antibody-mediated
neuro-autoimmune disease. Monoclonal anti-
bodies targeting B cell antigens CD19 and CD20,
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the interleukin-6 receptor, or the complement
cascade are used as preventive therapies to
reduce relapse rates. We conducted a network
meta-analysis (NMA) to compare the effect of
rituximab on time to first relapse with ravuli-
zumab, eculizumab, inebilizumab, and satrali-
zumab in patients with NMOSD who are aqua-
porin-4 (AQP4)-IgG-positive.

Methods: A systematic search was conducted
in PubMed, Scopus, CINAHL, EMBASE, Web of
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Science, the Cochrane Library, and gray lit-
erature sources up to October 31, 2024, and
updated on November 1, 2025, following
PRISMA guidelines. A network meta-analysis of
randomized and open-label trials was conducted
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Results: From 6337 records, 3825 dupli-
cates were removed; 2512 were screened, 2327
excluded, leaving eight trials. The prior treat-
ment, relapse history, and definitions and adju-
dication of relapse varied across studies. Rituxi-
mab showed higher hazard ratio (HR) point
estimates for time to first relapse compared
with ravulizumab with or without immunosup-
pressive therapies (IST) (HR 5.00, 95% CI 0.25,
101.01) and eculizumab+IST (HR 1.17, 95% CI
0.12, 10.89), but were lower compared with
satralizumab +IST (HR 0.29, 95% CI 0.04, 2.23).
In patients not receiving IST, rituximab showed
numerically higher HR compared with ravuli-
zumab (HR 3.33, 95% CI 0.13, 83.16) and eculi-
zumab (HR 1.59, 95% CI 0.05, 50.17), but lower
point estimates compared with inebilizumab
(HR 0.31, 95% CI 0.04, 2.31) and satralizumab
(HR 0.27, 95% CI1 0.03, 2.21).

Conclusion: This NMA showed hazard ratio
point estimates favoring eculizumab and ravuli-
zumab over rituximab. However, wide, overlap-
ping confidence intervals and between-study
heterogeneity indicate substantial uncertainty.
Head-to-head trials or registry-based studies are
needed to determine the most effective treat-
ment for AQP4-1gG-positive NMOSD.

Keywords: Neuromyelitis optica spectrum
disorder; Rituximab; Inebilizumab; Satralizumab;
Ravulizumab; Tocilizumab; Eculizumab;
Network meta-analysis; Randomized controlled
trials

Neuromyelitis optica spectrum disorder
(NMOSD) is a severe neuro-autoimmune dis-
ease in which relapse prevention is essential
to reduce the risk of irreversible neurological
disability.

Rituximab has been widely used off-label,
and several monoclonal antibodies are now
approved for relapse-prevention in patients
with AQP4-1gG-positive NMOSD; however,
their relative effectiveness compared with
rituximab remains uncertain.

We conducted a network meta-analysis

to compare time to first relapse between
rituximab and newly approved monoclonal
antibody therapies in patients who are AQP4-
IgG-positive with NMOSD using data from
clinical trials.

This network meta-analysis found higher
hazard ratios for time to first relapse with
rituximab compared with eculizumab and
ravulizumab, and lower hazard ratios com-
pared with satralizumab and inebilizumab;
however, these differences were not statisti-
cally significant.

Wide confidence intervals and between-trial
heterogeneity limit definitive conclusions,
highlighting the need for head-to-head trials
or real-world comparative studies.

INTRODUCTION

Neuromyelitis optica spectrum disorder
(NMOSD) is an inflammatory autoimmune dis-
ease of the central nervous system (CNS), associ-
ated with autoantibodies targeting the astrocyte
water channel aquaporin-4 (AQP4), which leads
to immune-mediated damage [1]. AQP4-IgG-pos-
itive NMOSD is a distinct disorder from multiple
sclerosis with unique pathophysiology, clinical
characteristics [2-5] and treatment approaches
[6]. AQP4-IgG-positive NMOSD follows a relaps-
ing course where cumulative attacks frequently
lead to severe neurological disability [7]. A main
goal of immunotherapies investigated in clinical
trials is to prevent future attacks and reduce the
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risk of relapses and associated disability worsen-
ing [8].

Several new interventions have been intro-
duced in recent years to manage AQP4-1gG-
positive NMOSD [9]. Historically, rituximab
and other immunosuppressive therapies such
as azathioprine, mycophenolate mofetil, and
methotrexate have been used off-label [10]. An
open-label study compared the efficacy of rituxi-
mab to azathioprine and found rituximab to be
more effective [11]. A randomized, double-blind,
placebo-controlled trial was conducted in 2020
and reported no relapses among 19 patients who
are AQP4-IgG-positive with NMOSD treated

with rituximab, compared to seven relapses in
the placebo group (n=19) during the 72-week
study period [12].

More recently, monoclonal antibodies tar-
geting CD19 (inebilizumab) or interleukin-6
receptor (IL-6R; satralizumab, tocilizumab) or
inhibiting the terminal complement cascade
(eculizumab, ravulizumab) were used as relapse
preventive treatments in AQP4-IgG-positive
NMOSD [13]. However, no direct comparison
between rituximab and more recently devel-
oped antibodies has been performed. Evaluat-
ing rituximab against high-cost novel therapies
could have important clinical and economic

Fig. 1 Flowchart of the study
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implications, potentially informing treatment
decisions and optimizing healthcare resource
utilization.

A frequentist network meta-analysis (NMA)
allows for the simultaneous comparison and
synthesis of multiple interventions within a
network of clinical trials [14]. Four NMA stud-
ies have analyzed trials in NMOSD, but they all
have limitations, e.g., not assessing rituximab
[15, 16], lack of head-to-head comparisons of
individual therapies or absence of data specific
to patients who are AQP4-IgG-positive with
NMOSD [17], and inclusion of non-trial data
or no inclusion of newer agents such as ravuli-
zumab [18]. Previous relapse frequency and
severity and predefined acute relapse criteria,
and uniform relapse adjudication are critical to
direct comparison between different interven-
tions [19]. Given the limitations of previous
NMAs, the present review aims to compare the
effect of rituximab on time to first relapse with
other emerging interventions in patients who
are AQP4-1gG-positive with NMOSD through a
systematic review and NMA.

METHODS

Registration

This study was designed in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [20] and
registered on the Open Science Framework (OSF)
under the registration of the identifier UW5MQ.
The PRISMA flow diagram of the study is pre-
sented in Fig. 1.

Search Strategy

A comprehensive literature search was con-
ducted using PubMed, Scopus, EMBASE, Web of
Science, and Cochrane Central Register of Con-
trolled Trials databases. We screened all studies
published up to October 31, 2024. Addition-
ally, we reviewed abstracts from the following
scientific meetings held between 2021 and
2024: the American Committee for Treatment
and Research in Multiple Sclerosis (ACTRIMYS),

the European Committee for Treatment and
Research in Multiple Sclerosis (ECTRIMS),
the American Academy of Neurology (AAN)
Annual Meeting, and the Congress of the
European Academy of Neurology (EAN). Refer-
ence lists of included articles and trial website
registries such as ClinicalTrials.gov were also
screened. The literature search was updated by
screening PubMed through November 1, 2025.
The search strategy used to identify studies in
PubMed is detailed in Supplementary Table 1.

Eligibility Criteria

The inclusion criteria were as follows: (P) Pop-
ulation: patients who are AQP4-IgG-positive
with NMOSD; (I) Intervention: rituximab,
eculizumab, inebilizumab, ravulizumab, satrali-
zumab, and tocilizumab; (C) Comparator: pla-
cebo or any other intervention; (O) Outcomes:
as described in the “Outcomes” section; and (S)
Study type: randomized clinical trials (RCTs)
and open-label trials. The following studies
were excluded: (a) observational studies such
as cohort, case-control, cross-sectional, case
series, and case reports; (b) studies that did
not compare a medication with placebo or
another medication; (c) reviews, animal stud-
ies, hypothesis papers, in vitro studies, and
books; (d) systematic reviews, meta-analyses,
and network meta-analyses; (e) non-peer-
reviewed articles; and (f) qualitative studies.

Outcomes

The primary outcome of the present study was
time to relapse, consistent with NMOSD tri-
als that have reported time to relapse as the
primary endpoint [21]. Because the objective
of this analysis was to compare all approved
monoclonal antibody therapies with rituxi-
mab, secondary outcomes were defined as any
outcomes assessed in the rituximab trials [11,
12] that were also reported in other included
trials. The secondary outcomes in the rituxi-
mab trials were changes in EDSS score, annual-
ized relapse rate (ARR), quantification of nerve
and spinal cord impairment (QOSI), steroid
reduction rate, AQP4 antibody titers, human
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anti-chimeric antibody (HACA) and anti-JC
virus (JCV) antibodies, and lymphocyte sub-
sets (CD19 and CD20) [11, 12]. However, these
endpoints were not uniformly assessed across
trials, so we could not directly compare them
between studies.

Study Screening and Selection

Covidence web-based platform was used to
manage the literature search records. The
investigators (MB, SS, SL, SJ, VP, CZ, and AL)
independently screened the titles and abstracts
of the studies. The full texts of the retrieved
studies were then reviewed by the two inde-
pendent investigators to identify those that
met the eligibility criteria (MB, SS). Any disa-
greements regarding screening or study selec-
tion were resolved through consultation with
a senior researcher (NA).

Data Extraction

Data extraction was independently performed
by four investigators (MB, SS, AA, and AB). The
extracted data included first author’s name,
name of the study, publication year, study
type, interventions, use of immunosuppres-
sive therapy (IST), number of patients, num-
ber of patients who are AQP4-IgG-positive
with NMOSD, duration of follow-up, number
of relapses, and time to first relapse. Any disa-
greements were resolved by the senior reviewer.

Quality Assessment

Four reviewers (AA, AB, AS, and BA) indepen-
dently evaluated the quality of the included
studies using the Joanna Briggs Institute (JBI)
critical appraisal checklists [22]. The JBI tool for
randomized controlled trials (RCTs) was used to
assess RCTs, while the checklist for quasi-exper-
imental studies (non-randomized experimental
studies) was applied to open-label trials. Any
discrepancies in the quality assessment were
resolved by a third investigator.

NMA and Outcome

The analysis was conducted in two groups based
on the use of concomitant immunosuppressive
therapy (IST). Patients who received IST together
with the monoclonal antibody were classified
as the combination therapy group, while those
who received the intervention without con-
comitant IST were classified as the monotherapy
group. IST included azathioprine, mycopheno-
late mofetil, methotrexate, tacrolimus, cyclo-
sporine, and cyclophosphamide, which were
permitted at the investigator’s discretion. In the
first analysis, we included all patients who are
seropositive, representing combination + mono-
therapy. In the second analysis, only patients
who received monotherapy were included.
We did not perform a separate analysis exclu-
sively for combination therapy, as patients in
the RIN-1 trial received monotherapy [12]. We
excluded patients who are AQP4-IgG-negative
with NMOSD from the NMA.

The only outcome consistently reported
across all studies was time to first relapse,
which served as the primary endpoint in all
trials. In the RIN-1 trial, this outcome was pre-
sented as a group difference, whereas other
studies reported it as a hazard ratio (HR). For
consistency, the RIN-1 result was converted
to an HR [23, 24], and the NMA results were
reported as HRs. In the PREVENT study, the HR
for the monotherapy group was not reported;
therefore, we for this study estimated the HR
based on the time to first relapse data. As a
result of the small number of studies included
in the network meta-analysis, formal statisti-
cal assessment of heterogeneity was not per-
formed, as heterogeneity measures have lim-
ited power and may yield unreliable estimates
in sparse networks. Nevertheless, a qualitative
assessment of potential sources of heterogene-
ity was conducted and is reported in the Sup-
plementary Material.

A network meta-analysis was conducted using
the netmeta package in R version 4.5.1 (The R
Foundation for Statistical Computing, Vienna,
Austria) to synthesize both direct and indi-
rect evidence across interventions. Pooled HRs
and 95% confidence intervals (Cls) for time to
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o relapse were estimated using a random-effects
= % s @ a2 model. The structure of the evidence network
g % 2 & S was visualized with a network plot. To rank
treatments, P-scores were calculated, represent-
2 ing the certainty that a given treatment is supe-
5 o 3 E 508 rior to competing alternatives (range 0-1), with
g & g g —g, £ % higher scores indicating better ranking. Two
I < A O independent NMA experts performed the data
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© = Figure 1 shows the flowchart of the study. A total
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3 = éé base searches. After removal of 3825 duplicates,
5 g 2512 records remained for title and abstract
g . g screening. Following the exclusion of 2327
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Network Graph (Combination + Monotherapy) Network Graph (Monotherapy)

Eculizumab
Inebilizumab Eculizumab

Placebo

Placebo

Satralizumab Satralizumab

Ravulizumab

Ravulizumab Rituximab

Rituximab

Fig.2 Network plot comparing different therapies in combination therapy + monotherapy and monotherapy for the time to
first relapse outcome. The thickness of each line corresponds to the number of studies, and each node represents a medication

severity in the study population (Supplementary et al. study. The SAkuraSky [25] and SAkuraStar
Material, Tables S3-6). [26] assessed satralizumab versus placebo. Other

Two studies, RIN-1 [12] and the study by Nikoo trials evaluated relapse-preventive therapies: PRE-
et al. [11], provided efficacy data on rituximab, VENT [27] for eculizumab, N-MOmentum [28]
ARR being the primary outcome in the Nikoo for inebilizumab, TANGO [29] for tocilizumab,

HR [95% CI]
Combination + Monotherapy :
Rituximab vs. Eculizumab 1.17[0.12- 10.89] —e®
Rituximab vs. Ravulizumab 5.00[0.25- 101.01] ®
Rituximab vs. Satralizumab 0.29[0.04 - 2.23] H—'—l
Rituximab vs. Placebo 0.07[0.01-047] o
Monotherapy :
Rituximab vs. Eculizumab 1.59 [0.05 - 50.17] ' s
Rituximab vs. Inebilizumab 0.31[0.04-231] l-.——i
Rituximab vs. Ravulizumab 3.33[0.13- 83.16] ' ©
Rituximab vs. Satralizumab 0.27[0.03-2.21] ro——
Rituximab vs. Placebo 0.07 [0.01-0.47] o
rrr— 1 1 T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10
Fig.3 Network forest plot comparing combination ther- wide confidence intervals. These results should not be used
apy £ monotherapy for time to first relapse. All pairwise to draw conclusions about the comparative superiority of
comparisons are statistically non-significant with extremely any therapy. HR hazard ratio, CI confidence interval
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and CHAMPION-NMOSD [30] for ravulizumab.
In both the TANGO and Nikoo et al. studies,
the comparator was azathioprine [11, 29]. In
the RIN-1, PREVENT, and CHAMPION-NMOSD
trials, all enrolled participants were AQP4-1gG-
positive patients with NMOSD. Patients in RIN-
1, SAkuraStar, and N-MOmentum did not receive
concomitant IST [12, 26, 28]. In the TANGO trial,
patients receiving tocilizumab were permitted to
continue concomitant immunosuppressive ther-
apy for up to 12 weeks after enrollment [29]. In
the RIN-1 trial, patients received tapered doses of
prednisolone, with concomitant treatment main-
tained at 2-5 mg/day [12]. In the N-MOmentum
trial, patients were given prednisone 20 mg/
day (or equivalent) from days 1 to 14, followed
by tapering through day 21 [28]. All therapies
showed improved primary outcomes compared
to placebo. No relapse was observed during tri-
als with patients treated with rituximab and in
those who received ravulizumab and eculizumab
as monotherapy [12, 27, 30].

Combination * Monotherapy

Ravulizumab 0.927
Eculizumab 0.667
o Value

é 1.00
— 0.75

.3 Rituximab 0.618
g 0.50
~ 0.25
= 000

Satralizumab 0.287

Placebo

Fig.4 Potential ranking probabilities of time to first
relapse for each therapy, illustrating the likelihood of each
being the optimal treatment. P-scores and treatment rank-
ings are presented for descriptive purposes only and are

Time to Relapse: Combination
Therapy + Monotherapy Network

The network diagram of the therapy compari-
sons for time to first relapse is shown in Fig. 2.
Five studies, namely RIN-1, PREVENT, CHAM-
PION-NMOSD, SAkuraSky, and SAkuraStar,
were included in this analysis. The monother-
apy results for satralizumab from SAkuraStar
were pooled with those from SAkuraSky, which
reported satralizumab used in combination
therapy. The TANGO and Nikoo et al. stud-
ies were excluded, as their comparator was
azathioprine and time to first relapse was not
reported in the Nikoo et al. study. The net-
work forest plot showed that rituximab was
associated with higher point estimates for the
hazard of first relapse compared with ravuli-
zumab =IST (HR 5.00, 95% CI 0.25-101.01) and
eculizumab +IST (HR 1.17, 95% CI 0.12-10.89)
(Fig. 3). In comparisons with satralizumab +1ST,
the point estimate favored rituximab (HR 0.29,
95% CI 0.04-2.23). All comparisons were char-
acterized by wide confidence intervals cross-
ing the line of no effect, indicating substantial
uncertainty in the relative treatment effects.

Monotherapy
Ravulizumab 0.868
Eculizumab 0.736
Value

Rituximab 0.677 1.00
0.75
0.50
Inebilizumab 0.38 0.25
- 0.00

Satralizumab 0.334

Placebo

highly uncertain. They should not be interpreted as evi-
dence of treatment superiority or used to guide clinical
decision-making
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The ranking of different therapies shows that,
in order, ravulizumab £ IST (P=0.927), eculi-
zumab £ IST (P=0.667), rituximab (P=0.618),
and satralizumab £IST (P=0.287) have the
highest likelihood of improving time to first
relapse (Fig. 4).

Time to First Relapse: Monotherapy Network

Six studies, namely RIN-1, PREVENT,
N-MOmentum, CHAMPION-NMOSD,
SAkuraSky, and SAkuraStar, were included to
compare time to first relapse in monotherapy
group (Fig. 2). Rituximab monotherapy showed
numerically higher hazard ratios for time to
first relapse compared with ravulizumab (HR
3.33, 95% CI 0.13-83.16) and eculizumab (HR
1.59, 95% CI 0.05-50.17), whereas the point
estimates favored rituximab over inebilizumab
(HR 0.31, 95% CI 0.04-2.31) and satralizumab
(HR 0.27, 95% CI1 0.03-2.21) (Fig. 3). All com-
parisons were characterized by wide confi-
dence intervals that included the null value
(HR = 1.0), indicating substantial uncertainty
in the relative treatment effects. The highest
probability of being the most effective mono-
therapy therapy in preventing a first relapse
was observed with ravulizumab (P=0.868),
followed by eculizumab (P=0.736), rituximab
(P=0.677), inebilizumab (P=0.38), and satrali-
zumab (P=0.334) (Fig. 4).

DISCUSSION

Off-label treatments such as rituximab have
been widely used for several years, as no US
Food and Drug Administration (FDA)-, Euro-
pean Medicines Agency (EMA)-, or Health Can-
ada-approved therapies for NMOSD existed. In
recent years, however, several new and more
costly monoclonal antibody therapies have been
investigated in RCTs and approved by the FDA
and EMA [21]. This raises important questions
about their relative effects on attack rates or
time to first relapse, particularly in the absence
of direct head-to-head trials. Because NMOSD
is a rare condition and conducting large clini-
cal trials is expensive, network meta-analysis

provides a valuable tool for comparing available
therapies. In this analysis, we compared the effi-
cacy of newly approved therapies with rituxi-
mab, using time to first relapse as the outcome
measure. Our findings suggest that hazard ratio
point estimates numerically favored eculizumab
and ravulizumab over rituximab for time to first
relapse. However, caution is warranted when
interpreting these results, as the comparison has
wide confidence intervals, there are differences
across trials such as relapse definitions and pre-
enrollment disease characteristics, and the use
of time to first relapse does not necessarily pro-
vide a complete measure of treatment efficacy.
Despite numerical trends favoring newer mono-
clonal antibodies, rituximab is likely to remain
a cornerstone of NMOSD treatment globally
owing to its substantially lower cost and wider
accessibility, particularly in resource-limited
settings.

In both the combination and monotherapy
analyses, we observed higher hazard ratios for
time to first relapse with rituximab compared
to ravulizumab and eculizumab; however,
the confidence intervals were extremely wide
and there was an absence of significant p val-
ues. This likely reflects the small sample size
of the RIN-1 trial, with only 38 participants,
compared with 143 patients in PREVENT and
105 in CHAMPION, as well as the absence of
relapses in the original rituximab and ravuli-
zumab trials [12, 30] which limits the preci-
sion of the hazard ratio estimates. We found
lower hazard ratios for time to first relapse
with rituximab compared to satralizumab or
inebilizumab; however, these differences were
not statistically significant. Importantly, base-
line characteristics differ across the trials. The
RIN-1 study [12] included a small group of
patients with NMOSD exclusively from Japan,
a population generally associated with better
clinical outcomes [31, 32]. In RIN-1 [12], there
was no requirement for prior relapses before
enrollment, whereas the PREVENT study [27]
required patients to have experienced at least
two or three relapses in the 12 and 24 months
prior to enrollment, respectively. In the
SAkuraStar [26], CHAMPION-NMOSD [30], and
N-MOmentum studies [28], eligibility required
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at least one relapse in the previous 12 months,
while in SAkuraSky [25], at least two relapses
were required. The ARR during the 24 months
prior to enrollment in patients treated with
eculizumab [27] and ravulizumab [30] was 1.9,
but 1.4-1.5 in those receiving rituximab [12]
and staralizumab [25]. This suggests that the
complement inhibitor trials enrolled patients
with higher baseline disease activity than the
RIN-1 trial, particularly regarding relapse his-
tory and baseline ARR, which should be con-
sidered when interpreting comparative efficacy
estimates.

Another important difference across trials
was the definition and adjudication of relapses,
which warrants cautious interpretation of our
results. In the RIN-1 trial [12], relapses were
assessed by the principal investigator at each
center, whereas other trials relied on inde-
pendent or blinded adjudication committees
[25-28, 30]. For consistency, our analysis used
the time to first adjudicated relapse. In con-
trast, the RIN-1 [12] and N-MOmentum [28]
trials incorporated imaging data to confirm
relapses in some cases, whereas the other tri-
als relied primarily on clinical symptoms and
objective signs [2]. Thus, the variation in pro-
tocol definitions and adjudication of relapse
was a potential major confounding issue as a
direct comparison may be misleading in the
current study. Furthermore, heterogeneity in
the inclusion criteria including information on
prior treatment, relapse frequency and severity,
ethnicity of study population, and the use of
corticosteroid therapy during treatment initia-
tion may have an impact on the response.

We focused on time to first relapse as the
primary outcome, consistent with the design
of the trials. However, this endpoint has impor-
tant clinical limitations. It captures only the
occurrence of a first relapse and does not
reflect long-term disease control, relapse fre-
quency over time, relapse severity, or cumula-
tive neurological disability. ARR and disability
outcomes such as EDSS would provide a more
comprehensive picture of treatment efficacy.
While previous NMAs have reported ARR [16,
18], we did not include this outcome because
of the lack of precise data for patients who are

seropositive in some trials [25, 26, 28] and to
avoid relying on indirect estimates. The exclu-
sion of these outcomes represents an additional
limitation, as therapies that perform similarly
on time to first relapse may differ meaningfully
in their effects on relapse severity and long-
term disability accumulation. Additionally,
none of the secondary outcomes in the RIN-1
trial was assessed uniformly across trials, so
we could not directly compare them between
studies.

NMA is useful in rare conditions such as
NMOSD, where conducting large head-to-
head clinical trials is challenging. NMA allows
identification of the most effective treatments
among multiple options and helps guide clini-
cal decision-making when direct comparative
evidence is unavailable [33, 34]. However, the
validity of NMA depends on the assumptions
of transitivity and consistency across study
designs and participant characteristics [34]. In
the present analysis, this assumption is sub-
stantially challenged by several between-trial
differences, including variation in baseline
disease activity, ethnicity, prior therapies, con-
comitant immunosuppressant use, relapse defi-
nitions, and adjudication processes. Therefore,
the validity of indirect comparisons in this
NMA is severely limited. Moreover, all pairwise
comparisons were statistically non-significant
and associated with extremely wide confidence
intervals. Thus, treatment rankings based on
P-scores are highly uncertain and should not
guide clinical decision-making. These results
are best understood as hypothesis-generating,
highlighting the need for future head-to-head
trials and harmonized outcome definitions.

Our study has several limitations. A signifi-
cant limitation is the small sample size in the
eligible rituximab trial, with only 19 patients
receiving rituximab [12]. As mentioned ear-
lier, differences in baseline characteristics and
inclusion criteria across trials represent another
limitation. These include variations in cohort
racial composition and whether treatments
were used as first-line therapy or as add-on
treatment. The CHAMPION-NMOSD study
[30] was open-label, whereas the other trials
were blinded and placebo-controlled, reflecting
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robust clinical trial methodology [12, 25-28].
For CHAMPION, a placebo group from the PRE-
VENT study was used, as the inclusion criteria
were the same. There was only one trial for
each treatment, except for satralizumab, which
was studied in two trials [25, 26]. No direct
comparisons were available across the included
trials in the NMA. Follow-up duration also dif-
fered across studies. For example, in the RIN-1
trial [12], time to first relapse was assessed over
72 weeks; the PREVENT trial [27] was termi-
nated after 23 relapses occurred; and CHAM-
PION-NMOSD [30] concluded after all patients
in the ravulizumab group had either completed
a minimum of 50 weeks of treatment or dis-
continued earlier. However, hazard ratios were
reported in these studies, which account for
follow-up time and mitigate this bias. Some
trials reported zero relapse events in one treat-
ment arm, which introduces instability and
inflated uncertainty in hazard ratio estimation
within the network meta-analysis. To address
this, a continuity correction (adding 0.5 to
all cells) was applied. However, this approach
may introduce bias and should be interpreted
with caution. We did not include the extension
phases of the above trials because these lacked
a placebo arm, which precluded meaning-
ful comparisons of outcomes. The absence of
safety comparisons is an additional limitation.
Meaningful safety comparisons would require
observational and real-world data, which were
beyond the scope of this NMA.

CONCLUSIONS

This network meta-analysis found hazard ratio
point estimates favoring eculizumab and ravuli-
zumab over rituximab. All comparative estimates
were associated with wide and overlapping con-
fidence intervals, reflecting statistically non-
significant differences and uncertainty in rela-
tive treatment effects. Head-to-head randomized
trials would represent the optimal approach to
directly compare these therapies; however, given
the substantial costs involved and the limited
commercial incentive to compare newer thera-
pies against an affordable and widely accessible

treatment such as rituximab, real-world and reg-
istry-based studies represent the most feasible
alternative. Harmonizing relapse definitions and
outcome measures across studies would further
improve comparability and strengthen the evi-
dence for clinical decision-making.
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