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ABSTRACT

Introduction: As an autoimmune central ner-
vous system disease characterized by inflam-
mation and demyelination, neuromyelitis

optica (NMO) has been extensively investi-
gated. A specific antigenic target, astrocytic
water channel aquaporin-4 (AQP4) has already
been identified, and it can be recognized
explicitly by the autoantibody marker NMO-
IgG. Along with the immune attacks, clinical
disabilities would gradually accumulate. As
there has been no validated and well-recognized
therapy for NMO till now, preventing and
postponing attack using immunosuppressive
therapies is the primary treatment option.
Methods: In the current retrospective study,
the effect of immunosuppressive agents was
investigated through a long-term follow-up. To
assess the long-term effectiveness and safety of
rituximab (RTX), azathioprine (AZA), and
mycophenolate mofetil (MMF) therapies, all
129 patients with NMO spectrum disorders
(NMOSD) who received at least one of these
treatments were studied, including 55 seropos-
itive for AQP4-Ab and 74 seronegative for
AQP4-Ab.
Results: The median post-treatment annual-
ized relapse rate (ARR) was lower than the pre-
treatment rates in all AQP4?Ab groups (from 1.0
to 0.7 in RTX, from 0.8 to 0.3 in AZA, and from
0.85 to 0.35 in MMF). Meanwhile, the ARR also
decreased in all AQP4-Ab groups (from 0.3 to
0.2 in RTX, from 0.9 to 0.5 in AZA, and from 0.9
to 0.4 in MMF). Disability condition improved
in the Expanded Disability Status Scale (EDSS)
in all AQP4?Ab groups (from 4.0 to 2.75 in RTX,
from 3.5 to 2.5 in AZA, and from 3.0 to 2.0 in
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MMF) and in all AQP4-Ab groups (from 3.0 to
2.5 in RTX, from 3.0 to 2.5 in AZA, and from 3.5
to 2.0 in MMF). There was no statistically sig-
nificant difference between the post-treatment
and pre-treatment changes of EDSS and ARR in
the RTX, AZA, and MMF groups (P[0.05).
However, according to Kaplan–Meier survival
analysis, RTX-treated patients were more likely
to be relapse-free after long-term follow-up than
those who received AZA or MMF therapy.
Meanwhile, adverse effects were noted in three
out of 23 patients with RTX treatment, five of
32 with AZA treatment, and three of 21 with
MMF treatment. No serious adverse events were
observed in all treatment groups during the
study.
Conclusions: RTX, AZA, and MMF therapies
efficiently lowered the relapse frequency and
disability in both of the AQP4-Ab seropositive
or seronegative patients with NMO. Further-
more, low dosage of RTX is recommended for
the patients with NMO owing to its long-term
effectiveness and safety.

Keywords: Neuromyelitis optica; Aquaporin-4;
Rituximab; Azathioprine; Mycophenolate
mofetil

Key Summary Points

Rituximab (RTX), azathioprine (AZA), and
mycophenolate mofetil (MMF) are
effective, with significant improvements
in the Expanded Disability Status Scale
(EDSS) and annualized relapse rate (ARR),
regardless of the seropositive or
seronegative aquaporin-4 antibody status.

RTX is recommended as the first-line
therapy in patients with neuromyelitis
optica spectrum disorders rather than AZA
and MMF, in view of its effectiveness and
safety.

Low dosage of RTX could be
recommended for patients with
neuromyelitis optica owing to its long-
term effectiveness and safety.

INTRODUCTION

As an idiopathic autoimmune inflammatory
demyelinating disease, neuromyelitis optica
(NMO) mainly affects the optic nerve and spinal
cord of the central nervous system (CNS). NMO
is a severe and slow recovery disorder, compared
to multiple sclerosis (MS). Identification of
astrocytic water channel aquaporin-4 (AQP4)
made NMO the first CNS autoimmune inflam-
matory demyelinating disease that has an
identified specific antigenic target. The patho-
genesis of NMO is related to AQP4 specific
antibody (AQP4-immunoglobulin G [IgG]) that
differentiates NMO from MS [1, 2]. NMO spec-
trum disorders (NMOSD) include AQP4-Ab
seropositive patients with optic neuritis, longi-
tudinally extensive transverse myelitis, dien-
cephalon, brainstem, and cerebral syndromes.
AQP4-Ab seropositivity in NMO or NMOSD is
predictive of further relapses [3, 4]. Fifty percent
of patients are wheelchair-dependent, and 62%
are functionally blind without treatment during
the first 5 years. Thus, in patients with NMOSD,
the primary treatment goal is attack prevention
with immunosuppressive therapy or use of a
monoclonal antibody such rituximab (RTX) [5].
The most commonly used drugs in China are
azathioprine (AZA), mycophenolate mofetil
(MMF), and RTX. In recent years, research has
confirmed the effectiveness and safety of AZA,
MMF, and RTX in the treatment of NMOSD.
Moreover, AZA [6] and MMF [7–10] have been
widely used, while corticosteroids [11], mitox-
antrone [12, 13], cyclophosphamide, and
cyclosporin can also be considered. Thus, RTX
has been gradually used as first-line choice for
NMO treatment, to seek better control of the
disease [14–24].

RTX, a chimeric anti-CD20 antibody, was
initially used to treat non-Hodgkin lymphoma
[25]. The efficiency of RTX in the treatment of
NMO/NMOSD has been proven, with defined
depletion of memory B cells as a therapeutic
target [17, 20]. However, when used to treat
other autoimmune diseases, adverse effects are
reported, most frequently including chills,
fever, nausea, vomiting, headache, bronchitis,
gingivitis, hypotension, thrombocytopenia,
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and neutropenia. Nevertheless, compared with
other immunosuppressive agents, AZA, MMF,
and RTX are still considered to bear fewer side
effects [7, 12, 18, 20, 25]. However, the treat-
ment response of immunosuppressive agents
between aquaporin-4 antibody positive and
negative status in patients with NMOSD, and
the long-term effects of immunosuppressive
agents in preventing NMO attacks remain
controversial.

Though the effectiveness and accept-
able safety of treatment with repeated cycles of
RTX and long-term treatment with AZA or MMF
have been shown by available clinical data,
their long-term effectiveness and safety in
patients with NMO need to be further deter-
mined. Furthermore, taking the high price of
RTX and potential adverse effects into consid-
eration, lower dosages of RTX for the treatment
of NMOSD have been selected. In this study,
differences in the effectiveness and safety asso-
ciated with lower dosage of RTX (500 mg
infused, then 100 mg if the percentage of
CD19? B cells reached 1%) [18] have been
compared with AZA (2 mg/kg daily) and MMF
(1000 mg daily) treatments assessed in Chinese
patients with NMOSD with seropositive and
seronegative AQP-4 antibodies in a median
90-month follow-up.

METHODS

A retrospective review of medical records from
the Chinese PLA General Hospital showed that
129 patients with NMOSD (all met the inter-
national consensus diagnostic criteria) [21, 26]
were treated with immunosuppressive drugs
and also oral steroids from January 2008 to
November 2018. The baseline clinical charac-
teristics of the patients are presented in Table 1.

A total of 129 patients with NMOSD who
were previously treated with immunosuppres-
sive medicine and who had concomitant pred-
nisone had received the AQP-4 antibody (AQP4-
Ab) detection, including 55 patients seroposi-
tive for AQP4-Ab and 74 seronegative for AQP4-
Ab (Fig. 1). Among the 55 patients in the AQP4-
Ab positive group, 14 received low-dose RTX
(500 mg infused, then 100 mg if the percentage

of CD19? B cells reached 1%) (equivalent to
375 mg/m2 by drip infusion every week for
4 weeks; this regimen was based on that for
treatment of B cell lymphoma) [15], 13 patients
received azathioprine (2 mg/kg daily), and eight
patients received MMF (1000 mg daily). Every
patient remained on the same low-dosage regi-
men and the patients received treatment as
soon as possible, and they underwent long-term
follow-up after the drug treatment.

The remaining 20 of 55 records in the AQP4-
Ab positive group were excluded (ten patients
received Chinese traditional medicine therapy,
eight received only a small prednisolone
dosage, and two received no other therapy).
Among the 74 patients in the AQP4-Ab negative
group, nine received low-dose RTX, 19 patients
received azathioprine, and 13 patients received
MMF. The remaining 33 of 74 records were
excluded (17 patients received Chinese tradi-
tional medicine, ten received only a small
prednisolone dosage, and six received no other
therapy) (Fig. 1, Table 1). The quantitative
change in anti-AQP4 antibody levels was mea-
sured by using a cell-based assay (CBA) [27]. The
cutoff level was 50.0 U/ml, and an antibody
titer of more than or equal to 1:100 was recog-
nized as a seropositive status. In addition, a flow
cytometry analysis was performed in RTX-trea-
ted patients before the first infusion as the
baseline level and at 1, 3, 6, and 12 months. All
the patients in this group were infused with
RTX at 500 mg, then 100 mg re-injected if the
percentage of CD19? B cells reached 1%. This
study was approved by the Chinese PLA General
Hospital Ethical Review Board (IRB No. S2020-
042-02), and all patients provided written
informed consent to participate in the study.

Descriptive statistical methods were utilized
to report frequencies and distribution of the
results and means ± standard deviation (SD).
For categorical data analysis, a chi-square test
was used, and the means among continuous
variables were adopted and tested for normal
distribution (Shapiro–Wilk test). Parametric
tests were utilized for continuous variables that
were normally distributed, otherwise non-para-
metric tests were used. Non-parametric tests
(Wilcoxon matched-pairs rank sum and
Kruskal–Wallis test) were applied to compare
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Table 1 Clinical characteristics of the patients with NMOSD receiving rituximab, azathioprine, or mycophenolate mofetil
treatment according to seropositive and seronegative AQP4-Ab status

RTX (n = 23) AZA (n = 32) MMF (n = 21) p value

AQP4-Ab ? - ? - ? -

n 14 9 13 19 8 13

Age at onset, median, years

(range)

32.0

(23–36)

29.0

(12–39)

34.0

(33–50)

37.0

(18–76)

38.0

(12–50)

37.0

(24–71)

0.79

Female gender, n (%) 12 (86%) 8 (89%) 11 (85%) 14 (74%) 7 (88%) 10 (77%) 0.08

Disease duration, median, years

(range)

12.4

(8–15)

10.1

(8–12)

11.9

(7–13)

10.8

(6–15)

11.5

(5–12)

10.0

(8–13)

0.12

Time since last relapse

(months)

15.9 (13.3) 17.1 (14.8) 20.8 (19.6) 15.1 (17.3) 18.2 (14.1) 19.2 (21.3) 0.93

Clinical features

Optic neuritis, n (%) 12 (86%) 6 (67%) 9 (69%) 15 (79%) 6 (75%) 10 (77%) 0.41

Myelitis, n (%) 13 (93%) 7 (78%) 12 (92%) 16 (84%) 7 (86%) 12 (92%) 0.86

Associated other autoimmune

disease n (%)

5 (36%) 4 (44%) 6 (46%) 4 (21%) 3 (38%) 2 (20%) 0.07

Oral prednisolone dose before

immunosuppressant drugs

therapy (mean, mg/day)

16.4 ± 9.7 12.9 ± 8.7 18.2 ± 8.0 10.6 ± 6.7 11.6 ± 8.9 12.5 ± 7.2 0.24

Oral prednisolone dose after

immunosuppressant drugs

therapy (mean, mg/day)

13.6 ± 9.7 16.1 ± 8.6 16.4 ± 7.7 11.4 ± 7.3 12.3 ± 8.8 11.6 ± 8.1 0.19

Baseline EDSS before

treatment, median (range)

4.0

(3.5–5.5)

3.0a1

(1.5–4.5)

3.5 (2–4.5) 3.0a3

(2–5.5)

3.0b1

(2.0–4.0)

3.5a5,b3

(2.0–4.0)

0.23

Baseline ARR before

treatment, median (range)

1.0 (0.2–3) 0.3a2

(0.2–1.5)

0.8

(0.3–1.3)

0.9a4

(0.5–1.3)

0.85b2

(0.5–1.5)

0.9a6,b4

(0.4–1.5)

0.18

Patients with neuromyelitis optica spectrum disorders (NMOSD) who tested seropositive or seronegative for the aquaporin-
4 antibody (AQP4-Ab) were divided into three groups based on immunosuppressant therapy initiation. There was no
significant difference of baseline characteristics among these patients who received RTX, AZA, and MMF therapies
(p[ 0.05). Moreover, there was no significant difference in oral prednisone dose before and after RTX, AZA, and MMF
immunosuppressant therapy among patients with NMOSD with seropositive and seronegative AQP4-Ab (p[ 0.05). The
titer of antibody more than or equal to 1:100 was recognized as a seropositive status
RTX rituximab, AZA azathioprine, MMF mycophenolate mofetil, AQP4 aquaporin-4, EDSS Expanded Disability Status
Scale, ARR annualized relapse rate
aP value was calculated between seropositive AQP4 antibody and seronegative AQP4 antibody in RTX, AZA, and MMF
groups, respectively (P a1, a2, a3, a4, a5, a6[ 0.05)
bP value was calculated among the three groups with RTX, AZA, and MMF, respectively, in seropositive AQP4 antibody
and seronegative AQP4 antibody groups (P b1, b2, b3, b4[ 0.05)
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pre-treatment and post-treatment relapse rates
and Expanded Disability Status Scale (EDSS)
scores. The EDSS, performed by a neurologist,
was also registered for each patient. A Ka-
plan–Meier survival curve was prepared on the
basis of estimates. SPSS software version 14.0
was used to perform all statistical analyses.
P values less than 0.05 were considered statisti-
cally significant.

RESULTS

Baseline Clinical Characteristics
of Patients with NMOSD

The baseline clinical characteristics of the
patients with NMOSD are shown in Table 1. A
total of 129 patients were enrolled in the study
with 55 seropositive and 74 seronegative AQP4-
Ab, including 23 patients in the RTX group with
14 seropositive and nine seronegative AQP4-Ab,
32 patients in the AZA group with 13 seroposi-
tive and 19 seronegative AQP4-Ab, 21 patients
in the MMF group with eight seropositive and
13 seronegative AQP4-Ab (Fig. 1, Table 1). The

median onset age was 32 years old (range
23–36), with 12 women (86%), and the median
disease duration was 12.4 years (range 8–15) in
the RTX group with seropositive AQP4-Ab.
Optic neuritis (n = 12, 86%) and acute myelitis
(n = 13, 93%) were the most common clinical
manifestations. Five (36%) patients were asso-
ciated with other autoimmune diseases. The
median EDSS score was 4.0 (3.5–5.5) before
treatment with RTX.

The median onset age was 34 years old
(range 33–50), with 11 women (85%), and the
median disease duration was 11.9 years (range
7–13) in the AZA group with seropositive AQP4-
Ab. Optic neuritis (n = 9, 69%) and acute
myelitis (n = 12, 92%) were the most common
clinical manifestations. Six (46%) patients were
associated with other autoimmune diseases.
The median EDSS score was 3.5 (2–4.5) before
treatment with AZA.

The median onset age was 38 years old
(range 12–50), with seven female patients
(88%), and the median disease duration was
11.5 years (range 5–12) in the MMF group with
seropositive AQP4-Ab. Optic neuritis (n = 6,
75%) and acute myelitis (n = 7, 86%) were the

Fig. 1 Flowchart of the study
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most common clinical manifestations. Three
(38%) patients were associated with other
autoimmune diseases. The median EDSS score
was 3.0 (2.0–4.0) before treatment with MMF.

On the basis of the aforementioned analysis
results, there was no significant difference in
baseline characteristics among these patients
who received RTX, AZA, and MMF therapy
(P[0.05). In addition, all patients were taking
prednisolone at enrollment, and there was no
significant different oral prednisone dose before
and after RTX, AZA, and MMF immunosup-
pressant therapy among patients with NMOSD
with seropositive and seronegative AQP4-Ab
(P[0.05). Nevertheless, the basal characteris-
tics were lacking epidemiological and radiolog-
ical variables.

Effectiveness of Rituximab, Azathioprine,
and Mycophenolate Mofetil Treatment
in Patients with NMOSD

In the group treated with RTX, the EDSS scores
decreased from a pre-treatment value of 4.0
(3.5–5.5) to a post-treatment value of 4.0
(3.5–5.5) at the last follow-up (median
90 months). The annual relapse rates (ARR)
before treatment were defined as the ARR cal-
culated before the first injection. ARR after
treatment was defined as the ARR calculated
between the first injection and the last follow-
up. As a result, the median post-treatment ARR
was 0.7(0.1–2), compared with the pre-treat-
ment value of 1.0 (0.2–3) in the RTX group with
seropositive AQP4-Ab (P\0.05, Wilcoxon
matched-pairs rank sum test). Meanwhile, the
EDSS scores decreased from a pre-treatment
score of 3.0 (1.5–4.5) to a post-treatment score
of 2.5 (1.5–3.5) at the last follow-up (median
90 months). As a result, the median post-treat-
ment ARR was 0.2 (0.1–0.6), compared with the
pre-treatment rate 0.3 (0.2–1.5) in the RTX
group with seronegative AQP4-Ab (P\ 0.05,
Wilcoxon matched-pairs rank sum test).

In the group treated with AZA, the EDSS
scores decreased from a pre-treatment value of
2.5 (2.0–3.5) to a pre-treatment score of 3.5
(2.0–4.5). The median post-treatment ARR was
0.3 (0.1–1.0), compared with the pre-treatment

rate of 0.8 (0.3–1.3) in the AZA group with
seropositive AQP4-Ab (P\0.05, Wilcoxon
matched-pairs rank sum test). Meanwhile, the
EDSS scores decreased from a pre-treatment
score of 3.0 (2.0–5.5) to a post-treatment score
of 2.5 (1.0–4.0) at the last follow-up (median
90 months). The median post-treatment ARR
was 0.5 (0.2–1.0), compared with the pre-treat-
ment rate of 0.9 (0.5–1.3) in the AZA group with
seronegative AQP4-Ab (P\0.05, Wilcoxon
matched-pairs rank sum test).

In the group treated with MMF, the EDSS
scores decreased from a pre-treatment score of
3.0 (2.0–4.0) to a post-treatment score of 2.0
(1.5–2.5). The median post-treatment ARR was
0.35 (0.1–1.0), compared with the pre-treat-
ment rate of 0.85 (0.5–1.5) in the MMF group
with seropositive AQP4-Ab (P\0.05, Wilcoxon
matched-pairs rank sum test). Meanwhile, the
EDSS scores decreased from a pre-treatment
score of 3.5 (2.0–4.0) to a post-treatment score
of 2.0 (1.5–3.5) at the last follow-up (median
90 months). The median post-treatment ARR
was 0.4 (0.2–0.9), compared with the pre-treat-
ment rate of 0.9 (0.4–1.5) in the MMF group
with seronegative AQP4-Ab (P\ 0.05, Wil-
coxon matched-pairs rank sum test). The clini-
cal characteristics are summarized in Tables 1
and 2.

Long-Term Follow-up in NMOSD

Medical record reviews and telephone follow-
ups were conducted for the 76 patients with
NMO/NMOSD receiving RTX, AZA, and MMF
treatment from January 2008 to November
2018. Medical record reviews in these patients
provided the post-treatment follow-up data.
The median follow-up of all patients was 90
(68–104) months. There were 76 patients with
NMOSD treated with these three drugs at the
last review; owing to the low incidence of this
disorder and dropout, patients received other
therapy. In the last review, there were 23, 32,
and 21 patients treated with RTX, AZA, and
MMF, respectively, with a median duration of
18 (12–49), 25 (18–51), and 22 (12–48) months
treatment. EDSS and ARR after initiation of
RTX, AZA, and MMF until the last follow-up
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were analyzed. The EDSS reduction ratios were
0.70 ± 0.23, 0.37 ± 0.19, and 0.2 ± 0.13, and
ARR reduction ratios were 0.27 ± 0.11 (RTX),
0.16 ± 0.05 (AZA), and 0.09 ± 0.03 (MMF),
respectively. The changes of EDSS and relapses
rates were shown before and after treatment.
There was a significant reduction compared
with the pre-treatment values in EDSS and ARR
(P\0.05) (Table 2, Fig. 2, Supplementary Figs. 1
and 2). However, there was no statistically sig-
nificant difference between the post-treatment
and pre-treatment changes of EDSS and ARR in
RTX, AZA, and MMF groups (P[0.05) (Table 2,
Fig. 3).

Adverse Effects

Adverse effects were reported in a few patients:
1 (7.7%) patient treated with RTX had an
infection (gingivitis), and 2 (6.3%) had low
counts of white blood cells; only one patient
(CD19? count 0.01%) had rebound (severe high

paraplegia) without routine infusion low-dose
RTX. Furthermore, 87% (20/23) of patients
reported no adverse effects following RTX
therapy (very low dose used).

Two (6.3%) patients treated with AZA had
low counts of white blood cells and three (9.3%)
experienced liver dysfunction; one (4.8%)
patient treated with MMF had low counts of
white blood cells and two (9.5%) experienced
liver dysfunction. No case had hematological
malignancy during the 90 months follow-up.
Furthermore, there were no serious side effecs
reported in the three groups (Table 3).

Kaplan–Meier Survival Analysis

The Kaplan–Meier survival estimates indicated
significant differences in relapse rates among
the subjects treated with RTX, AZA, and MMF
(P\0.05) (Fig. 4). Namely, RTX-treated patients
were more likely to be relapse-free after long-

Table 2 Effectiveness of Immunosuppressive treatment in patients with NMOSD

RTX (n = 23) AZA (n = 32) MMF (n = 21)

AQP4-Ab ? - ? - ? -

n 14 9 13 19 8 13

EDSS before treatment,

median (range)

4.0

(3.5–5.5)

3.0a1

(1.5–4.5)

3.5 (2–4.5) 3.0a5 (2–5.5) 3.0 (2.0–4.0) 3.5a9 (2.0–4.0)

ARR before treatment, median

(range)

1.0 (0.2–3) 0.3a2

(0.2–1.5)

0.8

(0.3–1.3)

0.9a6

(0.5–1.3)

0.85

(0.5–1.5)

0.9a10

(0.4–1.5)

EDSS after treatment, median

(range)

2.75b1

(2.5–3)

2.5a3,b3

(1.5–3.5)

2.5b5

(2–3.5)

2.5a7,b7

(1.0–4.0)

2.0b9

(1.5–2.5)

2.0a11,b11

(1.5–3.5)

ARR after treatment, median

(range)

0.7b2

(0.1–2)

0.2a4,b4

(0.1–0.6)

0.3b6

(0.1–1.0)

0.5a8,b8

(0.2–1.0)

0.35b10

(0.1–1.0)

0.4a12,b12

(0.2–0.9)

An antibody titer of more than or equal to 1:100 was recognized as a seropositive status
RTX rituximab, AZA azathioprine, MMF mycophenolate mofetil, EDSS Expanded Disability Status Scale, ARR annualized
relapse rate
aP value was calculated between seropositive AQP4 antibody and seronegative AQP4 antibody in RTX (p = 0.001), AZA,
and MMF groups, respectively. P a1 = 0.001, P a2 = 0.001, P a3 = 0.085, P a4 = 0.088; P a5 = 0.963, P a6 = 0.268, P
a7 = 0.659, P a8 = 0.357; P a9 = 0.651, P a10 = 0.697, P a11 = 0.581, P a12 = 0.645
bP value was calculated between pre-therapy and post-therapy with RTX, AZA, and MMF, respectively, in seropositive
AQP4 antibody and seronegative AQP4 antibody groups. P b1\ 0.001, P b2 = 0.001, P b3 = 0.002, P b4\ 0.001;
P b5 = 0.003, P b6 = 0.004, P b7\ 0.001, P b8\ 0.001; P b9 = 0.002, P b10 = 0.002, P b11\ 0.001, P b12\ 0.001
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term follow-up than those who received AZA or
MMF therapy.

DISCUSSION

In this study, Chinese patients with NMOSD
and either AQP4-Ab seropositive or seronegative
status were enrolled, and their immunosup-
pressant therapies were studied. As the latest
diagnostic criteria for NMOSD in 2015 included
seropositive AQP4-Ab status [26], seropositive
AQP4-Ab patients with NMO and high disease
activity could more easily relapse and should be

carefully followed and managed. Thus, it is
essential to assess the long-term effects and
safety of NMO with immunosuppressant treat-
ment between AQP4-Ab seropositive and nega-
tive status.

Previous studies have illustrated that the
estimated risk of relapsing was 30% after 5 years
without immunosuppressant therapy and 50%
after 10 years [6]. Further, our research team had
determined that 12.1% of patients with initial
optical neuritis (ON) attacks could progress to
NMO within 5 years [28]. Our current study
involved a median of 90 months’ follow-up of
patients with NMO to investigate the associated

Fig. 2 Changes of EDSS (a, c) and ARR (b, d) after RTX
treatment either in seropositive anti-AQP4 antibody
patients (a, b) or seronegative anti-AQP4 antibody
patients (c, d). There were significant differences in the
EDSS (a, c) and ARR (b, d) (P\ 0.05). EDSS Expanded

Disability Status Scale, ARR annualized relapses rate, RTX
rituximab
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clinical characteristics and long-term prognosis.
In this study, the tolerance of RTX was good in
most cases and had acceptable safety results,
and it effectively decreased disability scores
(EDSS) and relapse rates (ARR). Moreover, there
were significant differences in the post-treat-
ment and pre-treatment changes of EDSS and
ARR with RTX either in the AQP4? or
AQP4-antibody group. These results support
that RTX, a drug efficiently used in demyeli-
nating spectrum diseases [22], could also treat
patients with NMOSD. The present

retrospective research summarized the treat-
ment experience at our clinic with these drugs.
Low-dose RTX, AZA, and MMF therapies were
all effective in reducing relapse and improving
or stabilizing the disabilities, regardless of
seropositive or negative AQP4-Ab status, as
shown by the improvements in the EDSS and
ARR. However, there was no statistically signif-
icant difference in the post-treatment and pre-
treatment changes of EDSS and ARR among
RTX, AZA, and MMF groups.

Fig. 3 Changes of EDSS (a) and ARR (b) after RTX,
AZA, and MMF treatment versus pre-treatment. There
was no statistically significant difference among the three

groups (P[ 0.05). EDSS Expanded Disability Status
Scale, ARR annualized relapses rate, RTX rituximab,
AZA azathioprine, MMF mycophenolate mofetil

Table 3 Side effects of immunosuppressive treatment in patients with NMOSD during long-term follow-up

RTX (n = 23) AZA (n = 32) MMF (n = 21)

AQP4-Ab ? - ? - ? -

n 14 9 13 19 8 13

Adverse events frequently reported 1 2 3 2 2 1

Rebound of relapse after withdrawal 1 0 0 0 0 0

Infection 1 (gingivitis, 7.7%) 0 0 0 0 0

Blood routine (LWBC) 0 0 2 (6.3%) 0 1 (4.8%) 0

Liver dysfunction 0 0 0 0 2 (9.5%) 0

Hematological malignancy 0 0 0 0 0 0

An antibody titer of more than or equal to 1:100 was recognized as a seropositive status
RTX rituximab, AZA azathioprine, MMF mycophenolate mofetil, EDSS Expanded Disability Status Scale, ARR annualized
relapse rate, LWBC low white blood cell counts
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As a monoclonal antibody that targets
CD20? B cells, rituximab has been used to pre-
vent NMO attacks [16]. The precise mechanism
of the effect of rituximab in people with NMO
has not been established, though the depletion
of B cells is recognized as an effective target [15].
RTX treatment causes depletion of CD20? and
CD19? B cells. In a recent randomized placebo-
controlled clinical trial, rituximab completely
prevented relapses in all patients with NMO and
seronegative AQP4-Ab status [15]. In our study,
the improvement of EDSS and the rate of
reduction in risk of relapse were apparent in
both seropositive and seronegative patients.

RTX has a potential beneficial effect; how-
ever, it requires intravenous infusions and is
associated with infection risk that may limit its
use, especially in treating NMO as a first-class

agent. According to our study, although no
significant difference was observed among the
RTX, MMF, and AZA groups in EDSS and ARR
values at pre-post treatment, the Kaplan–Meier
survival estimates indicated there were signifi-
cant differences in relapse rates among the
subjects treated with RTX, AZA, and MMF, and
RTX-treated patients were more likely to be
relapse-free after long-term follow-up than
those who received AZA or MMF therapy. For
this reason, on the basis of our study, AZA or
MMF may also produce adverse effects rather
than serious side effects. In total, 87% (20/23) of
patients reported no adverse effects following
RTX therapy (low dose used). In most patients,
the use of RTX was limited because of the high
cost and the need to monitor CD19? lympho-
cytes with flow cytometry analysis [7, 18, 25].

Moreover, less than 6.3% of our patients
experienced low white blood cell counts, and
less than 7.7% experienced infection (such as
gingivitis). Therefore, patients and physicians
need to be aware of the long-term risks of
hematological malignancies. Although we have
not found hematological malignancy cases, the
awareness of the risk should be emphasized.

We also note the limitations of our study
such as the small sample size, the lack of a
randomized placebo-controlled design, and lack
of the basal epidemiological and radiological
characters. Also, concomitant treatments may
preclude a definitive evaluation of the efficacy
of RTX, AZA, and MMF in NMO relapse pre-
vention [29]. In addition, a washout period to
eliminate the influence of prior therapies was
absent. Finally, there were more seronegative
patients with NMOSD than seropositive ones in
this cohort, and the presence of other inde-
pendent disease groups in the seronegative
NMOSD group may substantially affect the
results.

CONCLUSIONS

Our findings suggest that RTX, MMF, and AZA
are all effective in patients with NMOSD both in
seropositive and seronegative AQP4-Ab status.
Specifically, RTX-treated patients were more
likely to be relapse-free after long-term follow-

Fig. 4 Kaplan–Meier survival estimates pertaining to
probabilities of being without relapse after RTX (ritux-
imab, top line), AZA (azathioprine, middle line), and
MMF (mycophenolate mofetil, bottom line) treatment.
Kaplan–Meier survival estimates indicated significant
differences in relapse rates between RTX- and AZA-
treated subjects, and in relapse rates between RTX- and
MMF-treated subjects, but not significant difference in
relapse rates between MMF- and AZA-treated subjects.
Namely, RTX-treated patients were more likely to be
relapse-free after long-term follow-up than those who
received AZA or MMF therapy (log rank p\ 0.05)
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up. Thus, despite the mentioned limitations,
this study provided evidence supporting the use
of RTX, AZA, and MMF to prevent NMO attacks.
RTX, AZA, and MMF seemed to be effective,
even with or without oral prednisone adminis-
tration; however, the effectiveness, cost, and
adverse effects associated with these treatments,
and the urgency to achieve immediate
immunosuppression, could practically affect
the choice of treatment. Nevertheless, RTX
should be recommended owing to its long-term
efficacy and safety. Further research is ongoing
that is based on part of these individual cases
generated by our clinical database.
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