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Abstract

Background: The adverse events (AEs) of rituximab (RTX) for neuromyelitis optica spectrum
disorder (NMOSD] are incompletely understood.

Aim: To collate information on the reported the AEs of RTX in NMOSD and assess the quality of
evidence.

Methods: PubMed, EMBASE, Web of Science, Cochrane Library, Wanfang Data, CBM, CNKI, VIP,
clinicaltrials.gov, and so on were searched for studies with control groups as well as for case
series that had assessed the RTX-associated AEs. The incidence of AEs and the comparison of AE
risks among different therapies were pooled. The GRADE was developed for evidence quality.
Results: A total of 3566 records were identified. Finally, 36 studies (4 RCTs, 6 crochet studies,
2 NRCTs, and 24 case series), including 1542 patients (1299 females and 139 males), were
included for final analyses. Rates of patients with any AEs, any serious AEs (SAEs]), infusion-
related AEs, any infection, respiratory infection, urinary infection, and death were 28.57%,
5.66%, 27.01%, 17.36%, 4.76%, 4.76%, and 0.17%, respectively. The results from subgroup
analysis showed that AE rates were most likely not associated with covariates such as
duration of illness and study designs. Very low-quality evidence suggested that the risk ratios
(RR) of any AEs (0.84, 95% Cl = 00.42-1.69, p = 0.62]) and any infections (1.24 95% Cl = 0.18-
8.61) of RTX were similar to that of azathioprine, and the RR of any AEs of RXT was akin to that
of mycophenolate mofetil (0.66, 95% Cl = 0.32-1.35 p = 0.26). Evidence of low to high quality
showed the lower RR of RTX in other AEs, but not in infusion-related AEs. Strategies to handle
AEs focused on symptomatic treatments.

Conclusions: RTX is mostly safer than other immunosuppressants in NMOSD: the incidence of
RTX-associated AEs was not high, and when present, the AEs were usually mild or moderate
and could be well controlled. Given its efficacy and safety, RTX could be recommended as a
first-line treatment for NMOSD.
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Introduction antibody-mediated central nervous system disease

Neuromyelitis optica spectrum disorder NMOSD,
previously known as Devic’s disease or neuromy-
elitis optica (NMO)), resenting most often with
optic neuritis and transverse myelitis, is a rare

with a typically relapsing course.!»?> The estimated
prevalence of NMOSD is approximately 0.5 to 10
people per 100,000 population, and is higher
among the women and in Africans, East Asians,
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and Latin Americans.!:3# Astrocyte aquaporin 4
(AQP4) is the most widely expressed water chan-
nel protein in the central nervous system.> The
IgG autoantibody binding to AQP4 (AQP4-IgQG),
which is seen in most NMOSD patients, can bind
to the extracellular domain of AQP4, activate
complement that leads to complement-mediated
destruction of astrocytes, induce internalization of
the water channel, and mediate antibody-depend-
ent cell cytotoxicity.®8 The treatments of NMOSD,
which usually include steroids and immunosup-
pressants, such as mycophenolate mofetil (MMF),
azathioprine (AZA), and methotrexate,®!0 are not
always effective in all patients for their worrisome
AEs.!!

As the first mouse/human monoclonal antibody
(mAb) binding to CD20,!2:13 rituximab (RTX),
which was accepted to treat NMO in 2005, is
increasingly used in NMOSD because of its thera-
pies targeting antibody-producing B cells and the
pathogenic role of AQP4-IgG in NMOSD.!!
Although the safety profile of RTX has been
defined after two decades of its application, and
many studies have been focused on its safety for
NMOSD,!1:15:16 yet few studies have done compre-
hensive and systematic analyses on the rates of spe-
cific adverse events (AEs) of RTX or on its safety
compared with other treatments. In parallel, latest
randomized controlled trials (RCTs)1%16 need to be
included in the studies to enhance the level of evi-
dence. Thus, to address these knowledge shortfalls,
we conducted this systematic review and meta-
analysis to evaluate the rates of AEs associated with
RTX and the risks of AEs compared with other
NMOSD treatments.

Methods

This study has been registered on INPLASY with
registration number Inplasy protocol 202150034.
Our research was reported in accordance with the
Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines.!?

Data sources and search strategies

Four bibliographic databases, PubMed, Cochrane
Library, EMBASE, and Web of Science (WOS),
as well as four Chinese databases, Wanfang data,
Chinese Biomedical Literature Database (CBM),
China National Knowledge Infrastructure
Database (CNKI), and China Science and
Technology Journal database (VIP), were searched.

The search time spanned from the construction of
the databases to 21 November 2020, with no
regional or language restrictions. Articles in lan-
guages other than in English or Chinese were
translated with the help of the Google Translator
and DeepL. A combination of Medical Subject
Headings (MeSH) and free text terms was used. In
order to perform a complete search for AEs, our
search terms also included other related diseases,
such as Myelin oligodendrocyte glycoprotein anti-
body disorders (MOGAD) and Chronic Relapsing
Inflammatory Optic Neuropathy, and so on, as
studies of these diseases might involve AEs of
NMOSD. Search strategies included ‘Rituximab’,
‘Rituximab CD20 Antibody’, ‘Rituxan’, ‘Neuro-
myelitis Optica’, ‘Devic* Disease’, and so on. The
PubMed search strategy was provided in the pro-
tocol and Supplementary Appendix. Other sites,
which were searched for additional results,
included Clinical Trials.gov.; the National
Institute for Health and Care Excellence (NICE);
National Guideline Clearinghouse (NGC); GIN
(the guidelines international network); Cumulative
Index to Nursing & Allied Health Literature
(CINAHL); World Health Organization (WHO)
and Medlive. Reference lists for all topic-related
reviews, reports, and meta-analyses were further
searched.

Criteria for the selection of studies

We included all RCTs, non-randomized con-
trolled trials (NRCTSs), cohort studies, case-con-
trol studies (considered as studies with control
groups), and case series with subjects that (1) met
2015, 2006, or 1999 NMO/NMOSD diagnostic
consensus criteria,218:19 with no restriction of age,
race, sex, or nationality; (2) were treated by any
dose of RTX with or without glucocorticoid ther-
apy and other standard-care treatments; (3) were
under any other treatments (including placebo) in
the control groups (if any). Key exclusion criteria
included studies (1) without reporting AE; (2)
with other comorbidities or sample size less than 5;
(3) published as conference abstracts without full
text, as well as book chapters and dissertations; (4)
on RTX biosimilars. We included the study with
the latest and most comprehensive data when mul-
tiple articles covered the same study population.

Study selection and data extraction
ENDNOTE X9 and Microsoft Office Excel were
developed to manage search records, and extract
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data, respectively. Pre-tests were also performed
to ensure high inter-rater reliability among evalu-
ators. The work was undertaken independently
by two investigators, and discrepancies were
resolved through discussion. If not, a third asses-
sor would help to resolve the arguments.2%21 Two
investigators reviewed the titles and abstracts of
all records and identified studies potentially eligi-
ble for inclusion, which received a full-text evalu-
ation if meeting our inclusion criteria. The
following data of each study were extracted: first
author’s name; year of publication; study designs;
sample size; diagnostic criteria; mean/median
age; races; gender; disease duration; follow-up
period; treatments and concomitant medications
of interventions/comparisons; AE-associated
populations; particular populations (e.g. elderly,
children, and pregnant women); AE types; RTX
dose; AQP4/Myelin oligodendrocyte glycopro-
tein (MOG)-IgG serostatus, and so on. Contact
the authors for further information when the
study reports are unavailable or data lack.

Methodological quality assessment and

definition of outcomes

Numerous quality assessment instruments were
utilized to evaluate the methodological quality of
included studies, including the Cochrane risk of
bias assessment tool (Cochrane-ROB, version 6)22
for RCTs; Newcastle-Ottawa Scale (INOS)?23 for
cohort and case-control studies; Joanna Briggs
Institute (JBI)?* for case series studies, and meth-
odological index for non-randomized studies
(MINORS)?> for NRCTs. Under the guidance of
methodological experts (Kehu Yang and Lili
Wei), the studies, which were considered as ones
with low risks of bias when the high bias items of
Cochrane-ROB were no more than 5 and the
NOS, JBI, and MINORS scores were respectively
greater than or equal to 6, 5, and 12, were included
in the final analyses. The primary outcomes were
the rates of patients with at least one any AE to the
total number of observations, and the risks of the
number of patients experiencing at least one any
AE between RTX and other different therapies.
We define any AE as the total AE reported by the
authors, which usually means any undesirable
occurrence that happened during the use of RTX
for NMOSD. The secondary outcomes were simi-
lar to the primary outcomes, which referred to the
rates of patients with at least one serious adverse
event (SAE) to the total number of participants,
and the risks of the number of patients with at

least one SAE between RTX and other different
treatments. SAEs are defined as SAEs reported by
the authors, mainly referring to AEs causing
death, interruption or discontinuation of the ther-
apy, hypotension (blood pressure <90/60 mmHg),
prolongation of hospitalization (subject to the
reports), and requiring a blood transfusion (The
information reported by the authors was not
always so detailed that the common terminology
criteria for adverse events (CTCAE) was not
applicable). Other notable outcomes included the
rates of patients with at least one of following AEs
to the total number of participants, and the risks
of the number of participants experiencing at least
one of following AEs between RTX and other dif-
ferent treatments: infection, death associated with
RTX use (i.e. author-reported deaths that might
be associated with the use of RTX, such as death
following severe infection or shock which related
to RTX use), drug withdrawal or change due to
AEs, infusion-related AEs, neoplasms, organ
impairments (e.g. liver or kidney impairments),
hematologic complications (e.g. blood immune
cells and immunoglobulins decline), and so on.
All of the outcomes were prespecified.

Statistical analysis and evidence quality

Continuous data are summarized by the
mean = SD or median (range or interquartile
range). Categorical data are reported as numbers
and percentages. Given that a large majority of
the articles did not explicitly report the time dur-
ing which the adverse events occurred, the num-
ber of people experiencing the specific AE and
the total number of observations, rather than the
number of AEs, were used for the statistical anal-
ysis. Considering that most of the studies might
not satisfy the normal distribution, we trans-
formed the data via the transformation method of
‘odds data’ and modified an offset of 0.5 for all 0
cells. The specific transformation method is as
follows: log(OR) = In(odds) = In(X / (n — X)),
SE(P) = SE(In(odds)) = 1/ X +1/ (n—X). In this
calculation, ‘log (OR)’ means the logarithmic
value of the incidence of patients with at least one
of the AEs in each study, ‘SE’ represents the
standard error, ‘X’ represents the number of
patients with at least one of the AEs and ‘n’ means
the total number of observed populations. The
‘log (OR)’ and ‘SE’ values are used to summarize
the pooled ‘odds ratio’ (OR) and its 95% confi-
dence intervals (CIs). After the summary, the fol-
lowing transformation was required to obtain the
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final incidence of patients with at least one of the
AEs and its 95% CIs: P=OR/(1+OR),
LL=LLgg/ (1 +LL. ),UL =ULGr / (1 + ULOR)
. In this transformation, ‘P’ means the trans-
formed final incidence, ‘LI’ means the trans-
formed final lower limit of the 95% CI, ‘LLyg’
means the lower limit of the 95% ClIs before
transformation, ‘UL’ means the transformed final
upper limit of the 95% ClIs, and ‘UL,’ means
the upper limit of the 95% CIs before transforma-
tion. It should be noted that we performed a post
hoc analysis to correct incidence of patients expe-
riencing death associated with using RTX, as
95.24% of the studies reported 0 death-event,
and so many modifications of 0.5 for 0 cells could
significantly increase the incidence (this situation
did not occur in the transformation of other out-
comes, which hardly contain 0 cells). Therefore,
the total number of patients experiencing death
associated with using RTX divided by the total
number of observations was used to conduct the
post hoc analysis. The risks of the number of
patients experiencing at least one AE in various
therapies were compared by using data from stud-
ies with control groups. In studies involving mul-
tiple arms, the differences between the RTX arm
and other arms were compared, respectively. As
the outcome was relatively uncommon when
comparing each outcome in different treatments,
we used odds ratio (OR) and its 95% CIs of case-
control studies as an estimate for risk ratio (RR)
and its 95% CIs to combine the effect estimate
with RR from RCTs, NRCTs and cohort stud-
ies.? RR or OR suggested a higher risk of AEs in
the RTX group than in the control group when
the value exceeded 1. Heterogeneity was quanti-
fied by using the chi-square-based-Q-statistics
test and I2 test (P >0.10 and I2 < 50% indicated
acceptable heterogeneity, with the N — 1 degrees
of freedom). We selected the random effects
model in advance due to expected heterogeneity
in study designs. The leave-one-out approach was
executed to complete the sensitivity analyses
when there was significant statistical heterogene-
ity, and studies with a clear source of heterogene-
ity (e.g. clinical, or statistical heterogeneity) were
excluded. To explore the sources of heterogeneity
and the potential therapeutic implications, we
performed the prespecified subgroup analyses
based on characteristic stratifications, such as
NMOSD definition (1999, 2006 or 2015),%1819
RTX dose (>500 mg/dose or < 500 mg/dose),
disease definition (0-3, 4-6, 7-9, 10-12, years),
AQP4/MOG-IgG  serostatus  (positive  or

negative), patient characteristic (race, age, sex,
etc.), follow-up period (>2years or=<2years),
study design (retrospective or prospective), and
so on. All p values were two-sided with a signifi-
cance level of 0.05. Results of sensitivity and sub-
group analyses were non-significant, unless
otherwise mentioned. The publication bias of
outcomes including at least 10 studies was tested
graphically via funnel plots.??

We evaluated was the quality of evidence for the
risks of the number of patients experiencing at
least one AE in various therapies rather than the
rates of it for lacking comparable true values of
these therapies. The quality of evidence was
assessed by the Grades of Recommendation,
Assessment, Development and Evaluation
(GRADE) methods?8 via GRADEpro GDT web-
site, which categorized the quality of evidence as
follows: high; moderate; low and very low qual-
ity. Data were synthesized and analyzed by using
Review Manager (version 5.4.1; Cochrane
Collaboration) and Microsoft Office Excel.

Results

Search results and methodological quality of
included studies

Initially, a total of 3555 study records form data-
bases (PubMed: 268; Cochrane: 43; EMBASE:
1679; WOS: 874; Wanfang data: 66; CBM: 30;
CNKI: 576; VIP: 19), and 11 additional records
from Clinical Trials.gov., were identified. There
were 2203 references left after deleting duplica-
tions from various databases. After reviewing the
titles and abstracts, 1810 papers were excluded
due to case reports (n=276), without RTX treat-
ment (n=2889), without NMOSD (n=378), with
other comorbidities (n=79), fundamental studies
(n=34), clinical guidelines (n=11), duplicates
(n=26) and reviews (n=117). 393 references
were re-evaluated for full texts, and 316 of them
were excluded for without NMOSD (n=179),
without RTX treatment (n=29), duplicates
(n=16), case reports (n=13), conference
abstracts (n=26), reviews (n=24), data unavail-
able (n=12), full article unavailable (n=17),
without clear definition of NMOSD (n=6), and
with immunosuppressants (n=4). 67 eligible
publications were contributed to the quantitative
analysis, 36 of which (all 4 RCTs, 6 out of 10
cohort studies, 2 out of 3 NRCTs, 24 out of 47
case series, but no case-control studies) showed a

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

H Wang, J Zhou et al.

)
Records identified through database searching (n Additional records identified through
g =3555): MEDLINE (n=268); Cochrane (n=43); NICE; NGC; GIN; CINAHL; WHO;
g EMBASE (n=1679); WOS(n=874); Wanfang data Medlive and Clinical Trials.gov
= (n=66); CBM(n=30); CNKI (n=576); VIP(n=19) (n=11) and checking references (n=0)
=
D
=
A 4 A 4
—
( ) Records after duplicates removed (n =2203)
Records excluded with reasons (n =1810):
l case reports (n=276); without RTX
o0 treatment (n=889); without NMOSD
E Records screened (n =393) »| (n=378); with other comorbidities (n=79);
3 fundamental studies (n=34); clinical
(‘E guidelines (n=11); duplicates (n=26);
reviews (n=117)
A4
— . .
. Full-text articles excluded, with reasons
M Full-text articl ) h
e (n=316): without NMOSD (n=179); without
for eligibility (n =393) »| RTX treatment (n=29); duplicates (n=16); case
reports (n=13); conference abstracts (n=26);
2 reviews (n=24); data unavailable (n=12);
= without access to full text (n=17); without
ﬁ) clear definition of NMOSD (n=6); with
5‘ immunosuppressants (n=4)
A 4
Studies included in qualitative synthqsis articles with high risk of bias excluded
— (n=67): RCT (n=4); cohort studies o| (n=31): cohort studies (n=4); case-control
o (n=10); case controls (n=3); case series 7| studies (n=3); case series (n=23); NRCTs
(n=47); NRCT (n=3) (n=1)
2 |
3
E
= Studies included in quantitative
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Figure 1. PRISMA 2009 flow diagram.

low risk of bias and were included in the statistical
analysis. The authors’ judgment on each risk of
biasitem forall studiesis detailed in Supplementary
Table 1-5 and Supplementary Figures 2—3. The
PRISMA flow diagram of study selection is pre-
sented in Figure 1.

Characteristics of included studies and patients.
The included 36 articles were published between
2005 and 2020 involving mostly retrospective
studies (52.78%) and case series or cohort studies
(83.33%). A total of 1542 patients (1299 females
and 139 males, with non-reported genders of 104
patients) were enrolled with from 5 to 100 patients
per study. Most studies have reported patients with
an 18- to 65-year-old mean or median age, 2015 or
2006 NMOSD definition, > 2-year disease dura-
tion, > 500 mgsingleinfusions RTX alone, > 50%

AOP4 positive, while few studies have reported the
information on particular populations or ethnici-
ties. Most patients received four infusions per week
of RTX at 375 mg/m? (>500 mg/dose). The demo-
graphic and clinical features for the enrolled
patients are registered in Table 1 and Supplemen-
tary Tables 6-7.

Estimates for the rates of patients with at least one
AEs. Based on the sensitivity analysis of AE
rates through the leave-one-out approach, three
studies?%-3! with significant heterogeneity were
excluded from pooling the rates of patients with
at least one any AEs. The potential sources might
be the small sample size (<10 persons), the short
number of AQP4 positive patients (<50%), and
unclear follow-up periods or duration of treat-
ment because over 2 months were needed if CD20
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Table 1. Summary of characteristics of included studies and patients.

Study characteristics # Studies # Patients (Male/Female)
Total (prospective/retrospective/not clear) 36 (15/19/2) 1542 (139/1299)a
Mean or median, years
<18 2 24 (4/20)
18-65 34 1518 (135/1279)2
> 65 0 0
NMOSD definition
1999 1 8(1/7)
2006 20¢ 684 (88/492)a
2015 20¢ 926 (136/790)
Disease duration, years
> 2 27 1236 (96/1041)°
<92 2 75 (10/60)°
Not clear 7 231 (33/198)
RTX dose, mg/dose
> 500 19 771 (102/669)
< 500 7 480 (22/354)2
Not clear 10 291(15/276)
Number of AOP4 positive patients
> 50% total sample size (number of AOP4 positive, Male/Female) 24 1123 (843, 79/940)
< 50% total sample size (number of AOP4 positive, Male/Female) b 204 (57, 27/177)
Not clear 8 215 (33/182)
Pregnant women 0 0 (N/A)
Studies reporting race 9 369 (72/292)v
Asian (%)¢ 6 231 (62.60%)
Caucasian (%)d 3 45 (12.20%)
Mulatto (%) 3 19 (5.15%)
Black people (%)d 3 36 (9.76%)
Others (%)¢ 4 38(10.30%)
Studies reporting refractory and/or recurrent NMOSD 18 536 (68/463)0

N/A, not applicable; NMOSD, neuromyelitis optica spectrum disorder; No., numbers; RTX, rituximab.

Data from studies with more than two arms were combined. Only the reported data were counted. The total counts of males and females might less

than the total number because of non-report. Percentages might not total 100 because of rounding.

aTwo studies reported no data on male and female.
bOne study reported no data on male or female.
cFive studies utilized both 2006 and 2015 diagnostic criteria.

9The percentage came from studies in which race was reported. The details of each involved study were displayed in Supplementary Table 6-7.
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(a) Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI

Beres, S.J..2014 -0.51082562 0.73029674 5.7% 0.60 [0.14, 2.51] —

Cabre, P. 2018 -1.46633707 0.45291081 13.8% 0.23[0.09, 0.56) —e—

Cree, B. A C.2005 -1.09861229 0.81649658  4.6% 0.33(0.07, 1.65) —

Gao, HY. 2018 -1.38629436 0.79056941  4.9% 0.25 [0.05,1.18) —=

Gomez-Figueroa, E. 2020 -1.38629436 0.64549722 7.2% 0.25 [0.07, 0.89) —

Lebrun, C.2018 -0.35667494 0.49280538 11.9% 0.70 [0.27, 1.84] —

Niu, YM, 2019 -1.01160091 058387421  8.7% 0.36[0.12,1.14] ——r

Shi, Fu-Dong 2014 -0.40546511 091287093  3.7% 0.67[0.11, 3.99] B

Xiao, H. 2020 -1.25276297 0.40089186 17.1% 0.29(0.13, 0.63) ——

Yu, H. 2019 0.22314355 0.47434165 12.7% 1.25(0.49,3.17) I

Zhang, J. 2016 -1.38629436 1.11803393 25% 0.25 [0.03, 2.24] —

Zhang, LJ. 2016 -1.46633707 0.64051262 7.3% 0.23[0.07, 0.81) —

Total (95% Cl) 100.0%  0.40[0.28, 0.56] L 2

Heterogeneity: Tau®= 0.02; Chi*=11.73, df= 11 (P = 0.38); F= 6% t t t {
Test for overall effect: Z= 5.18 (P < 0.00001) — i RT)(WNO u 100s
(b) Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI

Beres, S.J. 2014 -2.7080502 1.46059349 25% 0.07 [0.00,1.17) —_—

Cabre, P. 2018 -3.4339872 1.01600102 5.0% 0.03 (0.00, 0.24)

Casallas-Vanegas, A. 2020 -4.87519732 1.41960106 2.6% 0.01(0.00,012) ¥———

Cree, B. A. C.2005 -2.7080502 1.46059349  2.5% 0.07 [0.00,1.17)

Evangelopoulos, M. E. 2017 -2.19722458 1.49071198 2.4% 0.11 [0.01, 2.06) —

Feréandez-Megia, M. J. 2015 -1.60943791 1.09544511  4.3% 0.20 (0.02,1.71) —_—

Gomez-Figueroa, E. 2020 -3.36729583 1.4383893  2.6% 0.03 [0.00, 0.58)

Jade, J. 2017 -3.21887583 1.44222051  2.6% 0.04 (0.00, 0.68)

Kim, S. H. 2015 -3.47609869 0.58621038 13.1% 0.03(0.01,0.10) B —

Lebrun, C.2018 -3.49650756 1.43548112  2.6% 0.03 [0.00, 0.51)

Nosadini, M. 2016 -3.4339872 1.43684242 26% 0.03 [0.00, 0.54]

Novi, G. 2019 -2.69968195 0.36524425 25.9% 0.07 [0.03,0.14) —a—

Radaelli, M. 2015 -1.16315081 0.51234754 16.2% 0.31[0.11, 0.85) ——

Shaygannejad, V. 2019 -3.76120012 1.01156108 5.0% 0.02 (0.00,0.17) —_—

Shi, Fu-Dong 2014 -219722458 1.49071198  2.4% 0.11 [0.01, 2.086] —

Xiao, H. 2020 -4.26267988 1.42413793  2.6% 0.01[0.00,023)

Yu, H. 2019 -3.55534806 1.43427433  26% 0.03 [0.00, 0.48)

Zhang, J. 2016 219722458 1.48071198  2.4% 0.11 [0.01, 2.06) —

Total (95% Cl) 100.0%  0.06 [0.04, 0.10] L3

Heterogeneity: Tau?= 0.08; Chi*= 18.53, df=17 (P = 0.36); F= 8% t t t t
Testfor overall effect Z= 11.68 (P < 0.00001) o2 - BB 1 =i

Figure 2. The forest plot for the rates of patients with at least one any AE or any SAE. (a) The forest plot for estimate rates of
patients with at least one any AE. (b) The forest plot for estimate rates of patients with at least one any SAE. Any AEs are defined as
the total AE reported by the authors, which usually means any undesirable occurrences that happened during the use of RTX for
NMOSD. SAEs are defined as SAEs reported by the authors, mainly referring to AEs causing death, interruption or discontinuation
of the therapy, hypotension (blood pressure <90/60mmHg), prolongation of hospitalization (subject to the reports), requiring

a blood transfusion. Of note, since some studies did not report any AEs, the number of studies reporting any AEs might be

smaller than the number of studies reporting other AEs, such as any SAEs. Data in the forest plot were converted through the
transformation method of ‘odds data’ and modified an offset of 0.5 for all 0 cells via EXCEL. The specific transformation is as follows:
log(OR) = In(odds) = In(X / (n - X)), SE = SE(In(odds)) = \/1/ X +1/(n—X). In this calculation, ‘log (OR)" means the logarithmic
value of the incidence of AEs in each study, ‘'SE" means the standard error, X" means the number of patients with at least one of
the AEs and ‘'n” means the total number of observed populations. The ‘log (OR)" and ‘SE’ values are used to summarize the pooled
‘OR’ and its 95% Cls, and the log (OR], SE, OR and the 95% Cls are all displayed in the figure. After the summary, the following final
transformation was required to obtain the final AE rates and its 95% Cls: P = OR/(1 + OR), LL = LLgg/(1 + LLog), UL = ULgg/

(1 + ULggl. In this transformation, ‘P means the transformed final rate of AEs, 'LL’ means the transformed final lower limit of the
95% Cl, 'LLgg means the lower limit of the 95% Cls before transformation, ‘UL means the transformed final upper limit of the 95%
Cls, and ‘ULyg means the upper limit of the 95% Cls before transformation. After the final transformation, the pooled rates of any
AEs and any SAEs were 28.57% (95% C| = 21.88-35.90) and 5.66% (95% CI| = 3.85-9.09), respectively.

AEs, adverse events; Cls, confidence intervals; OR, odds ratio; SE, standard error.
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Table 2. Summary of estimate rates of AEs by types of events in case series.

Outcomes No. of studies P% (95% Cl) %2 12(%) PI(2)

Any AEs 12 28.57 (21.88-35.90) 11.73 6 < 0.00001
Any SAEs 18 5.66 (3.85-9.09) 18.53 8 < 0.00001
Infusion-related AEs® 18 27.01 (21.88-32.43) 21.32 20 < 0.00001
Any infection 8 17.36 (9.91-28.06) 14.19 51 < 0.00001
Respiratory infection 6 4.76 (2.91-9.91) 5.58 10 < 0.00001
Urinary infection 5 4.76 (2.91-10.71) 2.64 0 < 0.00001
Death associated with RTX useb 21 0.17 N/A N/A N/A
Drug withdrawal or change due 10 4.76 (1.96-9.09) 6.06 0 < 0.00001
to AEs

Skin or mucous related AEsec 6 12.28 (6.54-21.88) 6.73 26 < 0.00001
Cardiovascular AEs® 5 10.71 (5.66-18.70) 1.73 0 < 0.00001
IgM decline® 3 22.48 (16.67-29.08) 0.03 0 < 0.00001
IgA decline® f 2 12.28 (0.99-57.2¢6) 12.96 92 0.009
IgG decline® 4 14.53 (6.54-29.58) 8.51 65 0.04
Herpes zoster 6 5.66(2.91-9.91) 3.24 0 < 0.00001

AEs, adverse events; Cl, confidence interval; N/A, not applicable; No., numbers; RTX, rituximab; SAEs, serious adverse

events.

The AE rates and its 95% were the final ones after the final transformation, the method of which had already been

detailed in the ‘Statistical analysis” and Figure 2. Of note, since some studies did not report any AEs, the number of studies
reporting any AEs might be smaller than the number of studies reporting other AEs, such as any SAEs and infusion-related
AEs. Any AEs are defined as the total AE reported by the authors, which usually means any undesirable occurrences that
happened during the use of RTX for NMOSD. SAEs are defined as SAEs reported by the authors, mainly referring to AEs
causing death, interruption or discontinuation of the therapy, hypotension (blood pressure <90/60 mmHg), prolongation of
hospitalization (subject to the reports), and requiring a blood transfusion.

aInfusion-related AEs included fever, chills, urticaria, pruritus, angioedema, flushing, headache, and so on.

bThe rates shown in the table were the corrected rates after post hoc analysis, the total number of patients experiencing
death associated with using RTX divided by the total number of observations was used to conduct the post hoc analysis.
The corrected rate was 0.17% (1 in 589 patients), and the pre-corrected incidence was 2.91% (95% Cl = 1.96-4.76),

x? = 11.6,12 = 0%, P (Z) < 0.00001.

cSkin or mucous related AEs included rashes, itching, skin infections, and so on.
dCardiovascular AEs included cardiovascular infections, atrial fibrillation, deep vein thrombosis, hypertension,

angioedema, thrombocytopenia, and so on.
eNo time-related outcomes were reported.
fThe results were with significant heterogeneity.

lymphocyte clearance achieved immunosuppres-
sive effects.’® Overall, 12, and 18 case series
reported the number of patients with at least one
any AEs, or any SAEs, respectively. The pooled
rates of patients with at least one any AEs, or any
SAEs were 28.57% (95% CI = 21.88%-35.90%),
and 5.66% (95% CI = 3.85%-9.09%), respec-
tively (Figure 2 and Table 2). Other outcomes of
interest included the rates of participants with at

least one infusion-related AEs (27.01%, 95%
CI = 21.88-32.43), any infection (17.36%, 95%
CI = 9.91-28.06), respiratory infection (4.76%,
95% CI = 2.91-9.91), and urinary infection
(4.76%, 95% CI = 2.91-10.71). Considering
that the number of RTX-related deaths reported
in 95.24% articles which reported death was 0,
we corrected the incidence of it. The per-correc-
tion rate of participants with RTX-related deaths
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was 2.91% (95% CI = 1.96-4.76), and the cor-
rected rate was 0.17% (1 in 589 patients) (Table
2). Of noteworthy, the results on IgM, IgA, and
IgG decline should be interpreted with caution as
some studies did not report the time of the events.
Some of the included studies reported these AEs
with unfortunately unidentified number of the
cases. Notably, among all included patients there
were reporting four patients with serious infusion-
related AEs, five patients with serious infection
AEs, four participants with gastrointestinal upset
AEs, eight participants with blood immune cells
decline (two studies reported leukopenia, includ-
ing five patients with persistent leukopenia (range:
2.6-3.6 X 109/L) and two patients experiencing
transient leukopenia, and one study reporting one
patient with delayed neutropenia), and two par-
ticipants with malignant tumors. However, the
incidence of these AEs was not pooled due to the
extensive heterogeneity between studies.

Risks of the number of patients experiencing at least
one AEs between RTX and other treatments. As no
case-control studies were included, we grouped the
RR of the number of patients experiencing at least
one AEs from four RCTs, six cohort studies, and
two NRCTs. Owing to the heterogeneity, only the
data from the RTX vs AZA and RTX vs MMF
studies were calculated. Pooled analyses showed
that the risks of the number of patients with at least
one any AEs (0.84,95% CI = 0.42-1.69,p=0.62),
gastrointestinal upset (0.37,95% CI = 0.08-1.81,
p»=0.22) and any infections (1.24,95% CI = 0.18—
8.61, p=0.83) for RTX were similar to those of
AZA (Figure 3 and Table 3). The risks for RTX of
the number of patients with at least one any SAEs
(0.30, 95% CI = 0.13-0.68, p=0.004), liver or
kidney impairments (0.19, 95% CI = 0.06-0.60,
$»=0.005), drug withdrawal or change due to AEs
(0.30,95% CI = 0.13-0.70, p=0.005) and hema-
tologic complications (0.13,95% CI = 0.03-0.48,
p»=0.002) were statistically lower than those for
AZA; conversely, the risk for the number of patients
with at least one infusion-related AEs was signifi-
cantly higher in the RTX group (9.23, 95%
CI = 2.15-39.59, p=0.003) (Figure 3 and Table
3).The risks of the number of patients with at least
one any AEs (0.66,95% CI = 0.32-1.35,p=0.26),
any SAEs (0.38, 95% CI = 0.20-0.75, p=0.005),
drug withdrawal or change due to AEs (0.28, 95%
CI = 0.12-0.67, p=0.004), infusion-related AEs
(9.41, 95% CI = 1.18-75.24, p=0.03) for RTX
vs MMF, were comparable to those for RTX vs
AZA (Figure 3 and Table 3). In the non-pooled

analyses, two studies3233 reported the AEs for RTX
vs Cyclophosphamide (CTX), of which lower rates
of the participants with any AEs (25% vs 80%) and
higher rates of infusion-related AEs (8% vs 0%) in
the RTX group were reported. These results were
comparable to those of RTX vs AZA or MMF
groups. Interestingly, two studies3*+3> investigated
various doses of RTX. One showed that there were
no significant differences for risks of the number of
patients with at least one AE between the 375 mg/
m? group and the 1000mg group, while the other
suggested that the 300mg group suffered more
liver or kidney impairments and immunoglobulin
lowering events compared to the 100 mg group.

Subgroup analysis. The prespecified subgroup
analyses of the RR comparisons between RTX
and other treatments were limited because of
lacking reporting on characteristic stratification.
Thus, the subgroup analyses were performed only
in the section for rates of patients with at least one
AEs. Due to the unavailability of several charac-
teristic stratifications in the case series, we devel-
oped the subgroup analysis based on disease
definition (2006, 2015, 2006 or/and 2015), RTX
dose (>500 mg/dose or < 500 mg/dose), disease
duration (0-3, 4-6, or 10-12, years, no study
reported the disease duration of 7-9years) and
study design (retrospective or prospective) in the
following outcomes: rates of patients with any
AEs, any SAEs, infusion-related AEs, any infec-
tion, respiratory infection, urinary infection and
skin or mucous related AEs. It was found that the
patients with 2006 NMOSD definition had the
highest rates of participants with infusion-related
AEs (31.51%, 95% CI = 25.37-38.65), followed
by those with 2015 definition (26.47%, 95%
CI = 17.36-38.27), and those with 2006 or/and
2015 definition (11.50%, 95% CI = 5.66—
23.08), p for subgroup differences = 0.03. Like-
wise, it was found that the patients with 2006
NMOSD definition had numerically the highest
rates of participants with any AEs (41.86%, 95%
CI = 29.58-55.56), followed by those with 2015
definition (24.81%, 95% CI = 12.28-43.18),
and those with 2006 or/and 2015 definition
(18.70%, 95% CI = 10.71-31.51). p for sub-
group differences = 0.07. Interestingly, we also
found that higher doses of RTX (>500 mg/dose)
(13.79%,95% CI = 7.41-24.24 vs 30.56%, 95%
CI = 19.35-44.75, p=0.04) were associated with
lower rates of the participants with infection.
There were no significant differences between
other subgroups (Table 4).
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(a) RTX

AZA Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio

M-H. Rand

1.1.1 Any adverse event

Nikoo 2017 4 40 3 46 122% 1.53 [0.36, 6.44]
Torres 2015 8 32 8 22 203% 0.69[0.30, 1.55]
Wang 2018 26 60 9 25 23.9% 1.20[0.66, 2.19)
Yang 2018 1 20 8 22 7.9% 0.14[0.02,1.00]
Subtotal (95% CI) 152 115 64.2% 0.84[0.42, 1.69]

Total events 39 28
Heterogeneity. Tau®*= 0.22; Chi*=5.52, df=3 (P=0.14), F= 46%
Test for overall effect: Z=0.49 (P=0.62)

1.1.2 Serious adverse event

Jeong 2016 0 55 8 49  45% 0.05[0.00, 0.89)
Nikoo 2017 1 40 3 40 B.7% 0.33[0.04,3.07)
Poupart 2020 2 62 2 23 8.4% 0.37[0.08, 2.48]
Wang 2018 < 60 6 25 16.2% 0.35(0.12,1.03)
Subtotal (95% CI) 217 137 35.8% 0.30[0.13, 0.68]
Total events 8 19

Heterogeneity: Tau®= 0.00; Chi*=1.89, df= 3 (P = 0.60); F=0%
Test for overall effect: Z= 2.86 (P =0.004)

Total (95% CI) 369 252 100.0%
Total events 47 47

Heterogeneity: Tau®= 0.37; Chi*=13.69, df= 7 (P = 0.06); F= 49%
Test for overall effect. Z=1.80 (P = 0.07)

Test for subaroun differences: Chi*= 3.51.df=1 (P=0.06). F=71.5%

(b)

0.55[0.29, 1.05]

m, 95% ClI

lo—o—

'

Risk Ratio

M-H, Randc

RTX MMF Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI
2.2.1 Any adverse event

Torres 2015 5 62 5 42 17.4% 0.68[0.21, 2.20)
Wang 2018 1 20 3 30 5.0% 0.50 [0.06, 4.47]
Yang 2018 g 32 4 11 248% 0.69[0.26, 1.84)
Subtotal (95% CI) 114 83 47.2% 0.66 [0.32, 1.35]
Total events 14 12

Heterogeneity: Tau®= 0.00; Chi*= 0.07, df= 2 (P = 0.96), F= 0%
Test for overall effect: Z=1.14 (P = 0.26)

2.2.2 Serious adverse event

Poupart 2020 7 62 10 42 30.8% 0.47[0.20,1.15)
Wang 2018 5 60 724 220% 0.29[0.10,0.81)
Subtotal (95% CI) 122 66 52.8% 0.38[0.20, 0.75]
Total events 12 17

Heterogeneity: Tau®= 0.00; Chi*= 0.53,df=1 (P=0.47); F=0%
Test for overall effect: Z= 2.78 (P = 0.005)
Total (95% CI) 236 149 100.0%
Total events 26 29

Heterogeneity. Tau®*= 0.00; Chi*=1.77, df=4 (P=0.78), F= 0%
Test for overall effect: Z= 2.80 (P = 0.005)

Test for subaroun differences: Chi*F=1.17.df=1 (P=0.28). F=14.8%

0.50 [0.30, 0.81]

om, 95% CI
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—

-
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Figure 3. The risk ratio (RR) of the number of patients experiencing at least one any AE or SAE in NMOSD for RTX vs AZA and RTX
vs MMF. (a) The risk ratio (RR) of the number of patients experiencing at least one any AE and SAE in NMOSD for RTX vs AZA. (b) The
risk ratio (RR) of the number of patients experiencing at least one any AE and SAE in NMOSD for RTX vs MMF. Any AEs are defined
as the total AE reported by the authors, which usually means any undesirable occurrences that happened during the use of RTX for
NMOSD. SAEs are defined as SAEs reported by the authors, mainly referring to AEs causing death, interruption or discontinuation
of the therapy, hypotension (blood pressure <90/60 mmHg), prolongation of hospitalization (subject to the reports), and requiring a
blood transfusion.
AEs, adverse events; AZA, azathioprine; MMF, mycophenolate mofetil; RTX, rituximab; SAEs, serious adverse events.
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Table 3. Comparison on AEs between RTX-based group versus non-RTX group.

Outcomes No. of RR (95% Cl) %2 12 (%) df  P(df) Z P(Z) Quality of
studies evidence

RTX vs AZA

Any AEs 4 0.84 (0.42-1.69) 552 46 3 0.14 0.49  0.62 very low

Any SAEs 4 0.30(0.13-0.68) 189 0 3 0.6 2.86  0.0042 moderate

Liver or kidney 5 0.19 (0.06-0.60) 2 0 4 0.74 2.83  0.0052 high

impairment®

Gastrointestinal upsetc 3 0.37 (0.08-1.81) 023 O 2 0.89 1.23 0.22 low

Infusion-related AEsd 4 9.23 (2.15-39.59) 0.68 0 3 0.88 2.99 0.0032 moderate

Drug withdrawal or 4 0.30 (0.13-0.70) 192 0 3 0.59 2.81  0.00%2 moderate

change due to AEs

Hematologic 4 0.13(0.03-0.48) 072 O g 0.87 3.04  0.0022 high

complicationse®

Any infections 2 1.24(0.18-8.61) 1.49 33 1 0.22 0.22 0.83 very low

RTX vs MMF

Any AEs 3 0.66 (0.32-1.35) 0.07 © 2 0.96 114  0.26 very low

Any SAEs 2 0.38 (0.20-0.75) 053 0 1 0.47 2.78  0.0052 moderate

Infusion-related AEs 2 9.41(1.18-75.24) 045 O 1 0.50 2.1 0.032 moderate

Drug withdrawal or 2 0.28 (0.12-0.67) 0 0 1 0.96 2.85  0.0042 moderate

change due to AEs

AE, adverse events; AZA, azathioprine; Cl, confidence interval; df, degrees of freedom; MMF, mycophenolate mofetil; No., numbers; RR, risk ratio;

RTX, rituximab.

Any AEs are defined as the total AE reported by the authors, which usually means any undesirable occurrences that happened during the use of
RTX for NMOSD. SAEs are defined as SAEs reported by the authors, mainly referring to AEs causing death, interruption or discontinuation of the
therapy, hypotension (blood pressure <90/60 mmHg), prolongation of hospitalization (subject to the reports), and requiring a blood transfusion. Of
note, since some studies did not report any AEs, the number of studies reporting any AEs might be smaller than the number of studies reporting

other AEs, such as any SAEs and infusion-related AEs.
aStatistically significant.

bLiver or kidney impairments mainly included abnormality of laboratory indicators such as transaminase and creatinine.
cGastrointestinal upset included nausea, vomiting, diarrhea, and so on.

dInfusion-related AEs included fever, chills, urticaria, pruritus, angioedema, flushing, headache, and so on.
eHematologic complications included blood immune cells, immunoglobulins decline, and so on.

Prevention or treatments of AEs. A total of 23 pub-
lications (18 case series, 2 RCTs, 2 cohort studies,
and 1 NRCT) reported the strategies for AEs, with
5 on preventive measures and 18 on therapeutic
measures. Preventive measures, including the use of
non-steroidal anti-inflammatory drugs (NSAIDs)
(acetaminophen, etc.), antihistamines (iproniazid,

measures concentrated on infusion-related AEs,
infections, liver, or kidney impairments. In addi-
tion to the use of the above drugs, treatments for
infusion-related AEs also included a decrease in
the rate of infusion and a reduction in the dose of
the drug. Infection was controlled with antibiotics
and related vaccines. Liver function was stabilized

diphenhydramine, dimethindene, chlorphenira- through hepatoprotective drugs. If unacceptable
mine, etc.), and glucocorticoids (cortisone, dexa- AEs appeared, RTX would be withdrawn. Overall,
methasone, prednisolone, hydrocortisone, etc.), AEs of RTX for NMOSD were so mild or moder-

mainly focused on infusion-related AEs. Therapeutic

ate that could be prevented or treated by
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symptomatic strategies, and the prognosis of AEs
was excellent in general.

Potential publication bias and GRADE profile evi-
dence. Visual inspection of funnel plots revealed an
obvious symmetry in the rates of patients with at
least one any AE, in contrast to those with any SAEs,
infusion-related AEs, or drug withdrawal or change
due to AEs, in which there might be potential publi-
cation bias (Supplementary Figure 3-6). No out-
come for RTX vs MMF but two outcomes for RTX
vs AZA (liver or kidney impairments, and hemato-
logic complications) demonstrated the high quality
of evidence. It was worth noting that the quality of
evidence for the outcomes of any AEs in these two
groups were both very low, as well as the outcome of
any infections in RTX vs AZA group. Overall, high
or moderate quality evidence accounted for 66.67%
of all assessed outcomes, and the quality of evidence
for specific outcomes was detailed in Table 3 and
Supplementary Tables 8-9.

Discussion

Our study specifically assessed the AEs of RTX
for NMOSD with two primary findings as fol-
lows. First, the rates of patients with at least one
AE were not so high or serious that could be well
prevented or controlled by strategies. Second, the
risks of the number of patients experiencing at
least one AE (except for infusion-related AEs) for
RTX were lower than those for other standard
therapies such as AZA or MMF. Both findings
provided substantial evidence supporting RTX as
a safe intervention option for NMOSD, although
the between-study heterogeneity might limit the
findings. Our results, that RTX was safe and
imposed no extra burden on NMOSD patients,
could primarily be applied to AOP4 positive
NMOSD adult patients with a 2015 or/and 2006
NMOSD definition considering the basic charac-
teristics of the included population.

In accordance with earlier studies,!83%37 the
pooled rates demonstrated that infusion-related
AEs, and infections were common, which might
spring from the release of cytokines and/or other
chemical mediators,?® and the decreased immu-
noglobulin levels,3” respectively. However, the
rates of patients with infusion-related AEs and any
infections were numerically higher,!:37 and the
infections mainly occurred in pulmonary and uri-
nary, but did not present as herpetic rashes or
tuberculosis reactivation when compared with the

previous studies.?7-3® Meanwhile, the rates of par-
ticipants with RTX-related deaths before correc-
tion were numerically higher in this study,!1,37:39:40
especially when compared to the N-MOmentum
study for inebilizumab*! which reported two
deaths with one clearly due to ongoing disease
process rather than treatment. If we included the
remaining death as a treatment effect the death
rate was 0.5%. This might result from the overes-
timations caused by the modification of 0.5 for 0
cells in 95.24% included studies. However, the
corrected rate (0.17%) was in line with the result
from the N-MOmentum study. We therefore
believed that the true rate of RTX-related death in
NMOSD was closer to 0.17%. Notably, in com-
parison with our study, more any AEs, any SAEs,
infusion-related AEs, as well as less AE-related
death and skin or mucous related AEs were
numerically likely to occur in the latest, double-
blind, placebo-control RCT,!¢ probably due to
the small sample size (38 patients) and short fol-
low-up time (72weeks). Findings from studies
with control groups mainly indicated lower risks
of AEs (except for infusion-related AEs) for RTX
compared to those for AZA, MMF or CTX.
Likewise, one study had found better safety of
RTX than other first-line treatments (e.g. gluco-
corticoid and plasma exchange (PLEX)).40 There
were no significant differences between results
from subgroups; however, the 2006 definition of
NMOSD was numerically and significantly asso-
ciated with higher rates of any AEs and infusion-
related AEs, respectively. A probable explanation
for this was that the new diagnostic criteria intro-
duced the concept of NMOSD, which expanded
the patients who might have improved tolerance
to these AEs. Interestingly, patients with higher
doses of RTX (>500 mg/dose) had lower overall
infection risks, which might relate to the antibiot-
ics or vaccines used for infection prophylaxis in
advance. Overall, our results could demonstrate
that, at least in part, the rates of patients with
RTX-related AEs were not high and might not be
related to covariates such as duration of illness
and study designs; and RTX mostly had a better
safety profile than other first-line treatments.
However, infusion-related AEs must be focused
for its high incidence. Given the rigorous, system-
atic, and quantitative analyses of this study, we
insisted that our findings could effectively reflect
the actual safety of RTX for NMOSD.
Nevertheless, due to the heterogeneity and some
lacking tests on correlation, our results must be
considered as purely exploratory and the reasons
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behind them need to be interpreted with caution
and validated by further studies.

It is worth noting that there have been around 20
biosimilars of RTX but none of them has indicated
perfect agreement with RTX,*2 which poses new
challenges in evaluating the safety equivalence of
these biosimilars to RTX. To date, a total of five
RCTs have reported four novel monoclonal anti-
bodies safe for NMOSD: the PREVENT study for
eculizumab (targets complement protein C5),%3
the N-MOmentum study for inebilizumab (targets
CD19-positive B cells),*! the SAkuraSky* and
SAkuraStar® studies for satralizumab (targets the
interleukin 6 receptor) and TANGO study*® for
tocilizumab (targets the interleukin 6 receptor).
Aligned with RTX, these medications were devel-
oped based on the pathophysiology of NMOSD,
three of which (eculizumab, inebilizumab, and
satralizumab) have been approved by the FDA to
treat NMOSD. The pooled studies*’#° found that
there were no significant AE or SAE differences
among these monoclonal antibodies (including
RTX), no AE increased when comparing with pla-
cebo or AZA, and few deaths occurred. In other
major immune-related diseases, most AEs of RTX
were mild or moderate,3%52 so that they could be
solved by symptomatic treatments such as reduc-
ing the drug infusion rates, providing minor sup-
portivetreatments (e.g. steroid and antihistamine),3°
which was consistent with our findings in RTX for
NMOSD. Nevertheless, it had been reported
higher risks of progressive multifocal leukoenceph-
alopathy (PML, 1/25000)53 and hepatitis B (HBV)
reactivation45% of RTX for diseases such as rheu-
matoid arthritis. To our knowledge, no cases of
PML or HBV reactivation of RTX for NMOSD
have been observed, but given the global preva-
lence of hepatitis B, especially in developing
regions,’’ HBV screening appeared to be necessary
to prevent this SAE. Consequently, combined
with preceding studies, our research could deduce
that the AE profiles of RTX for NMOSD were
aligned with other monoclonal antibodies or most
other immune-related diseases, which was basi-
cally the same as the known safety profile of RTX.38

Several limitations of the present study are recog-
nized. First, similar to other meta-analyses on drug
safety,® some factors might limit our interpreta-
tions of the data: the overestimations of observa-
tional studies on results (accounting for the majority
of included ones); the uses of AEs as the primary
definition (with a risk of more events unrelated to

RTX use); the competing risks from complications;
and the heterogeneity among studies; yet these are
owing to the current situation of this field. Second,
most of the included follow-up periods for prospec-
tive studies ranged from approximately 1-2years,
resulting in insufficient detailed data on the dura-
tion of the AE responses. As a result, the long-term
safety of RTX in NMOSD needs to be discussed.
Finally, our findings mainly focus on RTX and
NMOSD, which might reduce the reliability and
generalizability to other demyelinating diseases and
treatments (e.g. MS and RTX biosimilars), mean-
ing caution must be needed when promoting these
findings. Additional studies, especially RCTs with
a large sample size and long-term monitoring, are
required to assess the long-term safety of RTX for
NMOSD. In order to benefit patients, there should
be more efforts in identifying the optimal dose of
RTX and the timing of drug use, evaluating the risk
factors at the patient-level and discerning the popu-
lations with the highest risks of AEs.

Conclusion

Data from case series studies have revealed 28.57%
rates of any AEs or 5.66% rates of SAEs for the
treatments of NMOSD with RTX. Other AEs were
mainly infusion-related AEs (27.01%) and infec-
tions (17.36%). The AE rates were most likely not
associated with covariates such as duration of illness
or study designs. Very-low-quality evidence indi-
cated that RTX was a safe drug as AZA in terms of
any AEs and any infections, and also implicated that
RTX was a safe drug as MMF regarding any AE.
Low to high quality evidence showed better safety
of RTX in SAEs, infusion-related AEs, and drug
withdrawal or change due to AEs and so on, but not
in infusion-related AEs. Strategies to handle AEs
focused on symptomatic treatments. Overall, we
might infer that the AEs of RTX for NMOSD,
which are mild or moderate, have non-high inci-
dences with mostly lower risks comparing to other
traditional immunosuppressants, and thus could be
prevented or treated well. Consequently, consider-
ing the efficacy and safety of RTX, it could be
advised as a first-line treatment for NMOSD.
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