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Abstract
Rituximab (RTX) is increasingly used in neuromyelitis optica (NMO). Due to the lack of data on its safety and efficacy, we set
out to determine the performance of rituximab (RTX) versus cyclophosphamide (CPM) as maintenance therapy for NMO. In
this randomized, prospective clinical trial, the primary objective was to determine the efficacy of RTX versus CPM, as assessed
by the mean Expanded Disability Status Scale (EDSS) score and overall efficacy rate. Secondary objectives included
assessment of mean Activities of Daily Living (ADL) score, treatment safety profile, serum AQP4-Ab, IL-6, IL-27 and MMP9 levels and recurrence rate after treatment. The results of our study showed that both RTX and CPM provided therapeutic
benefits for the treatment of NMO. However, RTX was superior to CMP in terms of safety, efficacy and durability of remission.
Further research is warranted to validate these results.

Rezumat
Rituximabul (RTX) este din ce în ce mai des utilizat în neuromielita optică (NMO). Datorită lipsei de date privind siguranța și
eficacitatea sa, ne-am propus să determinăm performanța rituximabului (RTX) comparativ cu ciclofosfamida (CPM), ca terapie
de întreținere pentru NMO. În acest studiu clinic randomizat, prospectiv, obiectivul principal a fost determinarea eficacității
RTX versus CPM, evaluată prin scorul mediu al Scalei Expanded Disability Status (EDSS) și prin rata de eficacitate generală.
Obiectivele secundare au inclus evaluarea scorului mediu al activităților de viață zilnică (ADL), profilul de siguranță al
tratamentului, nivelurile serice ale AQP4-Ab, IL-6, IL-27 și MMP-9 și rata de recurență după tratament. Rezultatele studiului
au arătat că atât RTX, cât și CPM au oferit beneficii terapeutice pentru tratamentul NMO. Cu toate acestea, RTX a fost superior
CMP în ceea ce privește siguranța, eficacitatea și durabilitatea remisiunii. Sunt necesare cercetări suplimentare pentru validarea
acestor rezultate.
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agents for NMO prophylaxis, and prolonged (> 5 years)
regimens may be required to reduce relapse risk and
preserve neurological function [8, 9]. Symptomatic
and supportive care, especially for immobility and
neuropathic pain, should also be considered as adjunctive
therapy [10, 11].
RTX, a human monoclonal antibody directed against
the CD20 epitope on the surface of B cells, has been
increasingly utilized in the preventive treatment of
NMO. However, its safety and effectiveness have
not yet been fully elucidated. We thus conducted a
prospective, randomized clinical study to evaluate
the performance of RTX versus cyclophosphamide
(CPM) as maintenance therapy in NMO patients.

Introduction
Neuromyelitis optica (NMO), also known as Devic's
disease, is a rare yet severe autoimmune central nervous
system (CNS) disorder characterized by recurrent attacks
primarily involving the optic nerves (optic neuritis)
and the spinal cord (myelitis) [1, 2]. Similar to other
autoimmune diseases, NMO is more prevalent in women
than men [3]. Most patients have detectable serum
IgG autoantibodies targeting the astrocyte water channel
aquaporin 4 (AQP4-Ab), which are considered highly
specific for the diagnosis of NMO [3].
Treatment of NMO focuses on both the management
of acute symptoms and the prevention of future relapses.
Acute attacks usually require intravenous corticosteroid
pulse therapy to suppress CNS inflammation, with
treatment escalation to plasma exchange if necessary
[5, 6]. Preventive approaches are primarily immunosuppressive [7]. Azathioprine, mycophenolate mofetil
and rituximab (RTX) are the most widely recommended

Materials and Methods
Study design
This was a single-centre, prospective, randomized
clinical trial designed to evaluate the performance of
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RTX versus CPM as maintenance therapy in NMO
patients. The study included three groups, i.e., two
case groups (RTX- and CPM-treated patients) and
one control group (healthy subjects) and was divided
into 3 parts, i.e., treatment period 1 (acute phase corticosteroid therapy), treatment period 2 (4-week
RTX or CPM therapy) and treatment-free follow-up
period (1 year).
The research protocol followed the ethical principles
of the Declaration of Helsinki and was approved by the
institutional ethics committee of Mudanjiang Medical
University, Mudanjiang, China. Written informed
consent was obtained from all participants prior to
enrolment after a complete explanation of the study
design and objectives, as well as possible adverse
drug reactions.
Patients and setting
A total of 40 NMO patients (6 males, 34 females)
with mean ± SD age at disease onset of 28.45 ± 17.08
years (range 16 - 58 years) and mean ± SD disease
duration of 10.25 ± 6.38 years (range 2.25 - 22.18
years) were recruited as case groups at the Second
Affiliated Hospital of Mudanjiang Medical University,
Mudanjiang, China, from May 2018 to September
2019. The case population was randomly divided into
an experimental group and control group (each group
with 20 cases) assigned to receive weekly pulses of
either RTX (RTX-group; n = 20) or CPM (CPMgroup; n = 20) and followed up over 1 year.
Inclusion criteria were defined as: i) a diagnosis of
NMO based on the revised 2015 diagnostic criteria
for NMO Spectrum Disorder (NMOSD), ii) age ≥ 16
years; iii) disease duration > 1 year, and iv) AQP4-Ab
seropositivity. Key exclusion criteria were: i) presence
of uveitis, glaucoma, retinal disease, and/or any other
ocular disorders; ii) presence of other autoimmune
diseases; iii) cardiovascular, cerebrovascular, chronic
kidney or liver comorbidities; iv) presence of hepatitis,
tuberculosis, and/or other chronic infectious diseases;
v) presence of neurological disorders; vi) pregnancy
or lactation; vii) recent exposure to immunosuppressive
or anti-inflammatory drugs before enrolment; viii) those
whose contact was lost during treatment or followup; and ix) those with poor obedience.
In addition, a group of 20 healthy volunteers (2 males,
18 females) with mean ± SD age of 42.21 ± 19.84
years (age range 22 - 56 years) served as non-treated
controls providing a reference standard to evaluate
the case/control status of the selected serological
biomarkers.
Treatment protocol
In the acute phase, all patients were given high-dose
intravenous (IV) methylprednisolone (Tianjin Tianyao
Pharmaceuticals, China) with gradual tapering from
1 g/day to 120 mg/day for 6 consecutive days and
then switched to 60 mg/day oral prednisolone acetate
(Shandong Octagon Chemicals Limited, China) gradually
reducing the dose by 5 mg per week to maintenance

10 mg/day dose until remission. In parallel, potassium
chloride sustained release tablets (Shenzhen Zhonglian
Pharmaceutical Co., Ltd.) (1 g x 3 times a day) and
omeprazole enteric-coated capsules (Shanghai Himed
Pharmaceutical Co., Ltd, China) (20 mg twice daily)
were orally administered.
Following remission, patients in the CPM group were
treated with pulse doses of CPM (Shandong Octagon
Chemicals Limited, China) 200 mg IV weekly in
combination with 2-mercaptoethanesulfonate sodium
(Mesna) (Shandong Octagon Chemicals Limited, China)
for 4 weeks. In the RTX-group, patients received RTX
(Genentech, Roche Group, Hoffmann-La Roche Ltd,
USA) as a 375 mg/m2 IV infusion once weekly for 4
weeks.
Study evaluations
The severity of disability in case groups was clinically
assessed using the 10‐point Expanded Disability Status
Scale (EDSS; higher scores indicate greater levels of
disability) and the Activities of daily living (ADL)
scale (point scale of 0 - 100, with higher scores
representing lower impact on daily activities). Clinical
therapeutic outcome was classified as: i) markedly
effective (complete disappearance of signs and symptoms);
ii) effective (improved, but incomplete resolution of
signs and symptoms), and iii) ineffective (no improvement
in signs and symptoms). The total effective rate was
defined as the proportion of patients that achieved
markedly effective and effective curative outcomes.
Peripheral blood samples (4 mL) were obtained from
all participants, centrifuged (3000 × g 10 min), and
separated serum was stored at -80°C until further
processing. All serum samples were analysed for
AQP4-Ab (EH0967 Catalogue no., Wuhan Fine Biotech
Co., Ltd., Wuhan, China), interleukin (IL)-6 (EH0201
Catalogue no., Wuhan Fine Biotech Co., Ltd., Wuhan,
China), IL-27 (EH0193 Catalogue no., Wuhan Fine
Biotech Co., Ltd., Wuhan, China), and Matrix metalloproteinase (MMP)-9 (EH0238 Catalogue no., Wuhan
Fine Biotech Co., Ltd., Wuhan, China) levels by
Sandwich Enzyme-linked immunosorbent assay (ELISA)
following the manufacturer's instructions. Case and
control serum levels were compared at baseline (prior
to intervention), and pre- and post-treatment assays
were compared in cases. The sensitivity for the AQP4Ab ELISA kit was below 0.188 ng/mL, for IL-6 was
2.813 pg/mL, for IL-27 was 0.094 ng/mL and for
MMP-9 was 0.188 ng/mL. After hospital discharge,
patients were followed up for over 1 year, and relapses
were evaluated every 6 months. The efficacy and
specific incidence of adverse reactions were compared
between the two groups. Adverse reactions included
liver function damage (hormone shock therapy may
cause liver function damage to a certain extent), fever,
thrombocytopenia and vomiting.
Study objectives
The primary objective was to determine the effectiveness
of RTX versus CPM concerning the mean EDSS score
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and total effective rate. Secondary objectives included:
i) mean Activities of daily living (ADL) score; ii) safety
profile; iii) case/control status as well as pre- and
post-treatment case status of serum AQP4-Ab, IL-6,
IL-27 and MMP-9; and iv) recurrence rate.
Statistical analysis
Descriptive statistics are presented as means ± standard
deviation (SD) for continuous variables and frequencies
with percentages (%) for categorical variables. The
independent samples t-test was used for comparisons
between groups, while the paired t-test was applied

for comparisons within each group. All statistical
analyses were performed at a significance level of 0.05
using IBM SPSS Statistics for Windows, Version 22.0
(IBM Corp., Armonk, N.Y., USA).
Results and Discussion
Baseline statistics
According to the data in Table I, there was no
significant difference in baseline data between the
experimental group and the control group (p > 0.05).
Table I
Comparison of baseline indicators

Indicator
Age (years old)
Gender (male/female)
Mean age of onset (years old)
The course of disease (year)

Experimental group
43.08 ± 18.69
3/17
28.37 ± 17.16
10.19 ± 6.19

Control group
42.51 ± 19.22
3/17
28.59 ± 17.01
10.32 ± 6.41

EDSS status
Following completion of treatment, the mean values
of EDSS score were significantly lower in the RTX
group compared to the CPM group (2.57 ± 1.20 and
3.05 ± 1.18, respectively; p = 0.028). Improvement

from mean baseline EDSS was also significantly greater
with RTX (2.65 ± 1.08) than CPM (1.79 ± 1.23) (p =
0.003). No significant differences between the case
groups were observed concerning mean ADL values
before and after treatment (Table II).
Table II
Expanded Disability Status Scale and Activities of Daily Living Scale scores before and after rituximab and
cyclophosphamide treatment
Group
EDSS score, mean ± SD
- At treatment initiation
- After treatment completion
Mean ± SD EDSS reduction
ADL score, mean ± SD
- At treatment initiation
- After treatment completion
Mean ± SD ADL reduction

RTX group

CPM group

p-value

5.22 ± 1.14
2.57 ± 1.20
2.65 ± 1.08

4.84 ± 1.33
3.05 ± 1.18
1.79 ± 1.23

0.562
0.028
0.003

67.68 ± 7.49
89.19 ± 8.67
21.51 ± 6.72

68.05 ± 8.34
87.36 ± 9.05
19.31 ± 8.30

0.869
0.058
0.216

ADL, Activities of daily living scale; CPM, cyclophosphamide; EDSS, Expanded Disability Status Scale; RTX, rituximab; SD, standard deviation

Clinical curative outcome
As shown in Table III, RTX was superior to CPM
concerning the clinical curative effect, with 60% (n =
12) and 35% (n =7) of subjects in the RTX group and
50% (n = 10) and 20% (n = 4) in the CPM-group

achieving markedly effective and effective therapeutic
outcomes, respectively. Overall, RTX achieved a higher
total effective rate compared to CPM throughout 4
weeks of treatment (95% vs. 70%; p < 0.05).

Table III
Clinical curative outcomes after rituximab and cyclophosphamide treatment
Group
The curative outcome, n (%)
Markedly effective
Effective
Ineffective
Total effective rate, n (%)

RTX group

CPM group

12 (60%)
7 (35%)
1 (5%)
19 (95%)*

10 (50%)
4 (20%)
6 (30%)
14 (70%)

CPM, cyclophosphamide; RTX, rituximab, * p < 0.05 compared with CMP group

Safety profile
As shown in Table IV, the incidence of adverse events
(AEs) was significantly lower in the RTX group compared
with the CPM group (15% vs. 30%, respectively; p <
0.05). In the CPM group, six patients experienced

AEs, including 2 hepatic events, 2 cases of nausea/
vomiting, 1 case of fever and 1 case of thrombocytopenia.
In the RTX group, three patients experienced AEs,
including 2 cases of nausea/vomiting and 1 case of
fever.
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Table IV
Treatment-related adverse events in rituximab- and cyclophosphamide-treated groups
Group
Adverse events, n (%)
Nausea/vomiting
Fever
Hepatic events
Thrombocytopenia
Total, n (%)

RTX-group

CPM-group

2 (10%)
1 (5%)
0 (0%)
0 (0%)
3 (15%)*

2 (10%)
1 (5%)
2 (10%)
1 (5%)
6 (30%)

CPM, cyclophosphamide; RTX, rituximab, * p < 0.05 compared with CMP group

Serum biomarkers
Mean serum levels of AQP4-Ab, IL-6, MMP-9, and
IL-27 in cases and controls are presented in Figure
1. No statistically significant difference in any of the
studied biomarkers was found between cases at baseline
(p > 0.05). However, baseline serum levels of AQP4Ab, IL-6 and MMP-9 were markedly elevated, while

serum IL-27 concentrations were significantly lower
in both case groups compared to controls (p < 0.05 for
both). Following treatment, serum AQP4-Ab, IL-6
and MMP-9 levels were considerably reduced, whereas
serum IL‑27 levels were significantly increased in
both case groups (p < 0.05), but changes were greater
in the RTX treated group (p < 0.05).

Figure 1.
Serum levels of anti-aquaporin 4 antibody, interleukin-6, interleukin-27, and Matrix metalloproteinase 9 among
cases and controls. * p < 0.05 compared to control group; p <0.05 compared to CPM group; & p <0.05 compared
to initial levels within each group
Recurrence rate
Over the 1-year follow-up period, only 5 relapses
were recorded in the RTX-treated patients, whereas
9 recurrent cases were observed in the CPM-treated
subjects. No statistically significant difference was
found regarding the frequency of relapses between
the case groups within the first 6 months after
treatment (p = 0.681). However, a significantly lower
number of recurrent cases was recorded in the RTXgroup (n = 2) compared with CPM-group (n = 5)
during 7 to 12 months of follow-up (p = 0.036)
(Table V).

Table V
Recurrence rate at 6- and 12-month follow-up in
case groups
Relapse 6-month follow-up 12-month follow-up
cases, n
RTX-group
3
2
CPM-group
4
5
0.681
0.036
p-value
CPM, cyclophosphamide; RTX, rituximab

NMO is an inflammatory demyelinating CNS disorder
typically characterized by bilateral optic neuritis and
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transverse myelitis. Several factors, such as infectious
microorganisms and emotional stress, have been
proposed as a trigger for NMO; however, many aspects
of the disease pathogenesis remain unclear. Since visual
impairment and neurologic dysfunction in NMO are
commonly severe, prophylactic immunomodulatory
therapy should be focused on reducing the frequency
and severity of relapses and preventing disease progression
[12]. Although RTX has been increasingly utilized
in this setting, its safety and effectiveness in NMO
patients have yet to be fully determined.
This study evaluated the effect of maintenance treatment
with RTX or CPM on NMO patients. Based on our
results, superior curative effects were achieved with
RTX compared to CPM after 4 weeks of treatment.
The proportion of subjects achieving markedly effective
and effective therapeutic outcomes was significantly
greater in the RTX group, yielding a higher total effective
rate compared to the CPM group (95% in the RTX
vs. 70% in the CPM group; p < 0.05). Improvement in
EDSS score was also significantly greater with RTX
(2.65 ± 1.08) than CPM (1.79 ± 1.23) (p = 0.003).
Despite the relatively high rate of AEs (15%), RTX
was better tolerated than CPM providing a more
favourable safety profile. In addition, RTX was found
to be superior to CPM for maintaining remission.
Although recurrences were similar in both treated groups
at the 6-month follow-up, RTX was associated with
fewer relapses in the later follow-up phase (7 - 12
months) compared to CPM, indicating that RTX can
more efficiently prolong relapse-free intervals and
improve prognosis in NMO patients.
Apart from anti-AQP4 antibodies, a subgroup of NMO
patients is seropositive for AQP1 or myelin oligodendrocyte glycoprotein (MOG) antibodies [13]. AQP4,
a water channel transmembrane protein highly expressed
in perivascular astrocyte end-feet, has been widely
recognized as the major target antigen in NMO [14].
Anti-AQP4 antibodies not only serve as a sensitive
and highly specific disease biomarker but also seem
to be actively involved in the pathogenesis of NMO
[15, 16]. Our findings showed that serum levels of
AQP4-Ab in NMO subjects were significantly elevated
compared to healthy controls, further supporting its
pathogenic implications in the onset and evolution of
the disease.
Although RTX has been shown to reduce relapse
frequency and severity in NMO, previous studies have
reported refractory cases [17-19]. A possible reason
may be that RTX cannot suppress AQP4‐IgG production
because pre-B cells and plasmablasts can express CD19,
but not CD20. However, RTX is able to deplete
circulating CD20+ mature B cells and plasmablasts,
generating anti-AQP4 antibodies [20, 21]. Given that
AQP4-Ab titres may also correlate with NMO activity
and progression, our study, demonstrating a posttreatment reduction in serum AQP4-Ab levels, has

also indicated the neuroprotective effects of RTX,
which could be utilized in the setting of NMO.
Recent progress in our understanding of NMO
pathogenesis has provided evidence that various
inflammatory cytokines and chemokines may also play
important roles in NMO development by disrupting
the blood-brain barrier (BBB) integrity, rendering
AQP4 more easily accessible to immune attack [22,
23]. In this regard, the key role of IL-6 in the immunopathogenesis of NMO has already been suggested.
Uchida et al. have recently reported that overexpression
of MMP-2 in the cerebrospinal fluid (CSF) of NMO
patients, possibly promoted by elevated IL-6 activation,
can induce BBB disruption allowing serum anti-AQP4
antibodies to penetrate the CNS [24]. In this study,
serum IL-6 levels were also found to be elevated in
NMO patients compared to controls and decreased
after treatment. In addition, IL-27 signalling has
been increasingly implicated in the pathogenesis of
several immune-mediated diseases. By inhibiting the
differentiation of Th17 and Th2 cells, IL-27 has been
described as an anti-inflammatory mediator [25]. Our
results revealed that serum IL-27 levels were significantly
decreased in NMO patients compared to controls and
gradually increased following either RTX or CPM
treatment. This finding is in line with previous studies
indicating that IL-27 might play a protective role in
NMO by mediating T-cell regulation [26, 27]. However,
the reasons and mechanisms for reduced IL-27 in the
course of NMO have yet to be determined.
As a main member of the MMP family, MMP-9 has
been shown to play a central role in demyelinating
diseases [28, 29]. MMPs can disturb the blood-CSF
barrier by degrading type IV collagen, a major component
of the endothelial basement membrane [30]. As a
result, activated T cells can cross the BBB and gain
access to the CNS, ultimately leading to inflammation
and demyelination [31]. As suggested by Hosokawa
et al., serum MMP-9 concentrations were significantly
higher in NMO cases compared to healthy individuals.
Similarly, we found that MMP-9 levels in the serum
of NMO patients were significantly elevated compared
to controls and decreased after treatment, more
pronouncedly in the RTX-group.
Conclusions
In summary, the present study showed that RTX
provided superior effectiveness and safety outcomes
compared to CPM, enabling more NMO patients to
reach a relapse-free state during a 1-year follow-up
period. Moreover, RTX has proved superior to CPM
in reducing AQP4-Ab, IL-6, and MMP-9 and increasing
IL-27 levels in the serum of NMO patients. Further
studies with larger sample sizes and extended followup periods are required to confirm these findings.
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