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Abstract
Background: Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing, autoimmune, inflamma-
tory astrocytopathy. Rituximab for B-cell suppression is a common treatment for NMOSD; however,
large-scale randomised controlled trials are lacking.
Objective: Evaluate long-term efficacy and safety of rituximab for NMOSD.
Methods: Retrospective observational study of patients with NMOSD treated with rituximab. Annualised
relapse rates (ARRs) before and during rituximab treatment were evaluated; Modified Rankin Scores
(mRS) were measured as a marker of disability.
Results: In total, 37 patients were included: 27 aquaporin-4-IgG-seropositive and 10 seronegative
NMOSD. The predominant rituximab dosing regimen was an initial 1000 mg, split over two 500 mg infu-
sions, two weeks apart, followed by single 500 mg doses. Over a median follow-up of 54 months, ARR for
the whole cohort was 0.136 (95% CI 0.088–0.201), significantly lower than the pretreatment ARR of 0.366
(95% CI 0.271–0.483, p< 0.001). There was a significant reduction in ARR for the seropositive subgroup,
but not seronegative. Significant improvement in mRS was seen post-treatment. Infections were reported in
32% of patients during follow-up; most were mild.
Conclusion:Rituximab, at doses lower than traditionally used, may be an efficacious therapy for NMOSD,
with a favourable safety profile.
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Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is
an autoimmune astrocytopathy manifesting predom-
inantly as optic neuritis and transverse myelitis.1

The natural history of NMOSD is one of stepwise
deterioration due to recurrent attacks; within five
years of disease onset, half of patients require a
wheelchair or have become legally blind.2,3 In the
majority of patients, an IgG autoantibody binding to
astrocytic aquaporin-4 (AQP4), the main water
channel of the central nervous system, is detected.4

AQP4-IgG has pathogenic potential: the antibody
binds to the extracellular domain of AQP4 and acti-
vates complement, leading to complement-mediated
destruction of astrocytes, internalisation of the water

channel and antibody-dependent cell cytotoxicity.5

In patients who are AQP4-IgG seronegative, a diag-
nosis of seronegative NMOSD can be made if specific
clinical and radiological criteria are satisfied, as out-
lined by Wingerchuk and colleagues in the 2015
International Consensus Diagnostic Criteria.6

As the pathogenesis of NMOSD involves humoral
autoimmunity, B-cell depletion with rituximab was
adopted as a therapeutic approach.7,8 Rituximab is a
mouse and human chimeric IgG1 monoclonal anti-
body that binds to CD20, a protein expressed by
B-lymphocytes from the pre-B-cell stage until plasma
cell differentiation.5,9,10 NMOSD usually follows an
aggressive relapsing course and B-cell re-emergence
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after rituximab therapy can precipitate relapses.11 Thus,
lifelong disease-modifying therapy is required and
comes with the challenge of achieving sufficient
immunosuppression whilst limiting adverse effects.

Although large-scale randomised controlled trials
(RCTs) of rituximab are lacking, evidence from a
small RCT and observational studies support the use
of rituximab as a first-line therapy for NMOSD.5,12

However, the optimal dose remains unclear. Initial
regimens of rituximab for NMOSD were based on
the doses used for treating lymphoma – an induction
dose of 375 mg/m2 infused once per week for four
weeks or 1000 mg infused twice, two weeks apart,
followed by 1000 mg maintenance doses – which
were high-cost, off-label therapies, with a higher
risk of adverse reactions.13,14 Recent studies assessed
the safety and efficacy of different doses of rituxi-
mab.13,14 One meta-analysis suggested that a lower
dose of rituximab – 100 mg weekly for three weeks
– is as effective as higher doses at lowering relapse
rate and reducing disability, although RCT data is
lacking.14

In recent years, additional immunotherapies have
been found to be effective in the treatment of
NMOSD, including eculizumab, inebilizumab and
satralizumab.15–18 While approved by the US Food
and Drug Administration, these are very expensive
agents, and no head-to-head trials against rituximab
have been conducted. When considering subsidising
and prescribing a new and costly therapy, having
established real-world evidence of the efficacy and
safety of the benchmark therapy – in this case rituxi-
mab – is important for guiding decision-making.

Aim
The aim of this study was to retrospectively examine
the cohort of patients with AQP4-IgG-seropositive
and seronegative NMOSD, treated with rituximab at
two major tertiary hospitals in Brisbane, Australia.
The focus was on exploring the dosing of rituximab
and evaluating its efficacy and safety in this patient
population, with the hypothesis being that rituximab
would reduce relapse frequency and long-term
disability.

Methods
This was a retrospective observational study.
Pharmacy dispensing records of the participating hos-
pitals were searched for cases of rituximab use for
neurological conditions. The search extended from 1
January 2005 to 31 July 2021. Records encompassed
both inpatient and outpatient dispensing. A chart

review of each case was undertaken by a single
author (MTGH) to identify patients diagnosed with
NMOSD. The clinical, laboratory and magnetic res-
onance imaging (MRI) characteristics of these
patients were examined against the 2015
International Panel for NMO Diagnosis criteria for
diagnosing seropositive and seronegative NMOSD.6

Patients who met the criteria for a diagnosis of
NMOSD and had received at least one dose of ritux-
imab were included in the study. If there was any
uncertainty regarding the diagnosis, the case was
also reviewed by an additional author (SB) and a con-
sensus decision reached through discussion. Patients
with myelin oligodendrocyte glycoprotein (MOG)
antibodies were excluded. All seronegative NMOSD
cases included in the study were tested for MOG anti-
bodies, except for one who had a brain biopsy that
was consistent with NMO. Cases were also excluded
if the clinical data was inadequate or there had been
less than nine months follow-up after the first dose
of rituximab.

All data were extracted from patients’medical records
using a standardised data collection form and
included demographics, other therapies received for
the treatment of NMOSD, rituximab infusion dates
and doses, adverse reactions, relapses as determined
by the treating neurologist and laboratory and neuroi-
maging information. Modified Rankin scores (mRS)
were determined by MTGH based on patients’ clin-
ical records. The last date for which data was col-
lected was 31 July 2022. Patients who ceased
rituximab were followed for six months post-
cessation. Ethics approval was obtained from Metro
South Health Human Research Ethics Committee
(LNR/2019/QMS/52617) with a waiver of consent.

Relapses were graded as mild, moderate or severe.
A relapse was mild if it involved sensory symptoms
that did not affect functional status or optic neuritis
with a decline in visual acuity of less than 6/12 at
worst. A relapse was moderate if it involved
motor weakness, new functional impairment or
optic neuritis with a decline in visual acuity of
greater than 6/12 but less than 6/60 at worst. A
relapse was severe if it rendered the patient immo-
bile, involved optic neuritis with a reduction in
visual acuity to 6/60 or greater, or led to complete
impairment in another significant functional
domain, including loss of bowel or bladder control
requiring urinary catheterisation.

Relapse with B-cell reconstitution was defined by a
CD19 B-cell count of greater than 0.01× 109/L
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(adult reference range for reporting laboratory: 0.08–
0.43× 109/L) at the time of relapse. For some patients,
rituximab was readministered once there was evi-
dence of B-cell reconstitution. The method for early
identification of B-cell reconstitution involved
monthly monitoring of CD19 B-cell count, beginning
approximately four months after the last rituximab
infusion. All individual rituximab infusions contained
500 mg; dosing regimens identified will be discussed
in the results section. Annualised relapse rates
(ARRs) before and during the rituximab treatment
period were evaluated. Aligning with prior studies,
the ARR calculation required at least three months
of observation before rituximab initiation to avoid
an artificially inflated pre-treatment ARR.19

Statistical analysis
Continuous data is presented as mean and standard
deviation (SD) if normally distributed and as
median and interquartile range (IQR) if not normally
distributed. The distribution of each variable was
tested using the Shapiro–Wilk test. Categorical data
is presented as counts with their corresponding per-
centage. ARR and 95% confidence intervals (CIs)
were calculated using the person-years method with
weighted summing accounting for the heterogeneous
length of follow-up.20 Differences between the pre-
and post-rituximab ARR and mRS were tested using
the Mann–Whitney U test. Statistical significance was
set at 5%.

The first attack, at disease onset, was not counted as a
relapse when calculating ARR. The date of first attack
was considered the starting date for being at risk of
relapse. When exact dates were unclear, the following
previously reported strategy was used for corrections:
accuracy to month only was recorded as 15th of that
month; accuracy to year only was recorded as 1st of
July of that year.21 Any conflicts, such as disease
onset after start of treatment, were corrected by refer-
ence to other available data such as date of hospital
admission or MRI.21 Data was censored at the point
of last follow-up or switch to alternative therapy.
Statistical analyses were performed using R version
4.3.1.

Results

Study population
The inclusion criteria were met by 27 patients with
AQP4-IgG-seropositive NMOSD and 10 patients
with seronegative NMOSD. Demographic and base-
line clinical characteristics are presented in Table 1.
The majority were female (seropositive: 96%,

seronegative: 60%). Mean age at first rituximab infu-
sion was 45 years for the seropositive (SD: 12) and 35
years (SD: 13) for the seronegative group, with a
median disease duration at rituximab initiation of 20
months for the seropositive (IQR: 4–68) and eight
months for the seronegative group (IQR: 4–84). Prior
to rituximab treatment, median mRS was 2 (IQR: 1–
3) for the seropositive and 2 (IQR: 2–3) for the sero-
negative group.

For the majority of patients (seropositive: 74%, sero-
negative: 70%), rituximab was the first disease-
modifying therapy administered for NMOSD. The
rituximab dose was either 500 mg or 1000 mg admi-
nistered as two separate 500 mg infusions two weeks
apart. No other rituximab dose was used. The most
common practice was to give the 1000 mg split
dose as the first treatment (seropositive: 78%, sero-
negative: 100%), followed by 500 mg doses there-
after. Rituximab redosing was initially based on
B-cell reconstitution in 23 patients (62%). Of these,
nine were switched to routine redosing, either six-
monthly (eight patients) or nine-monthly (one
patient), during follow-up. In 14 cases (38%), a
routine redosing schedule was used from the start of
rituximab treatment, with 13 patients being dosed six-
monthly and one patient being dosed four-monthly
due to an early relapse. Median number of rituximab
doses was 10 (IQR: 6–14) for the seropositive and 6
(IQR: 4–14) for the seronegative group and median
follow-up was 59 months (IQR: 34–95) and 39
months (19–62), respectively.

Relapses and disability
Treatment and relapse timelines for each patient are
displayed in Figure 1 and further relapse details in
Table 2. After rituximab treatment, 12 patients in
the AQP4-IgG-positive (44%) and four patients in
the seronegative group (40%) experienced relapses.
Of the 15 relapses in the seropositive group post-
rituximab, three (20%) occurred within six months
of starting rituximab and of the 11 relapses in the sero-
negative group, one (9%) occurred within six months
of rituximab commencement. Eight relapses in the
seropositive group (53%) and six relapses in the sero-
negative group (55%) occurred within six months of
last rituximab dose. In both groups, 27% of relapses
occurred in the setting of B-cell reconstitution,
at a median of 275 days after the last rituximab infu-
sion (IQR: 252.5–330.5), with a median CD19 B-cell
count of 0.17× 109 (IQR: 0.11–0.26× 109). Relapses
post-rituximab initiation were more often mild (69%
of all relapses for both groups were mild) compared
to pre-rituximab (18%). There were no severe relapses
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Table 1. Demographics and baseline clinical characteristics.

Characteristic
Total
(N= 37)

AQP4-IgG-positive
(N= 27)

Seronegative
(N= 10)

Age at disease onset (years), mean (SD) 39 (14) 42 (13) 32 (13)
Age at rituximab initiation (years), mean (SD) 42 (13) 45 (12) 35 (13)
Female, N (%) 32 (86%) 26 (96%) 6 (60%)
Other autoimmune disease, N (%) 13 (35%) 12 (44%) 1 (10%)
Location of clinical attacks pre-rituximab, N (%)
Optic neuritis 27 (73%) 18 (66%) 9 (90%)
Longitudinally extensive transverse myelitis 21 (57%) 14 (52%) 7 (70%)
Area postrema 6 (16%) 5 (19%) 1 (10%)
Other brainstem lesion 3 (8%) 2 (7%) 1 (10%)
Short segment transverse myelitis 4 (11%) 3 (11%) 1 (10%)

Other therapies received pre-rituximab, N (%)
Azathioprine 6 (16%) 4 (15%) 2 (20%)
Methotrexate 3 (8%) 2 (7%) 1 (10%)
Mycophenolate 2 (5%) 1 (4%) 1 (10%)
Othera 5 (14%) 3 (11%) 2 (20%)

Other therapies received during rituximab treatment, N (%)
Azathioprine 5 (14%) 4 (15%) 1 (10%)
Methotrexate 0 0 0
Mycophenolate 4 (11%) 3 (11%) 1 (10%)

Disease duration at rituximab initiation (months),
median (IQR)

19 (4–85) 20 (4–68) 8 (4–84)

Duration of follow up after rituximab initiation
(months), median (IQR)

54 (29–89) 59 (34–95) 39 (19–62)

Number of rituximab infusions, median (IQR) 10 (6–14) 10 (6–14) 6 (4–14)

aOther includes interferon beta-1a, glatiramer acetate and natalizumab.

Figure 1. Relapse timelines spanning up to 15 years pre-rituximab and 17 years post-rituximab. Time point “0” on the
x-axis represents rituximab commencement. Green circle=mild relapse, yellow circle=moderate relapse, red
circle= severe relapse. Large blue vertical line= 1000 mg dose of rituximab (two 500 mg doses two weeks apart).
Small blue vertical line= 500 mg dose of rituximab.
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post-rituximab, whereas 16% of relapses were severe
pre-rituximab.

ARR pre- and post-rituximab are displayed in
Table 3. There was a significant lowering of ARR
post-rituximab for the whole cohort (ARR 0.136
[95% CI 0.088–0.201] vs 0.366 [95% CI 0.271–
0.483] pre-rituximab; p < 0.001). There was also a
significant lowering of ARR for the seropositive
group (p < 0.001); with the pre-rituximab ARR
being 0.375 (95% CI: 0.264–0.517) and the post-
rituximab ARR being 0.097 (95% CI: 0.053–0.163).
For the seronegative group, ARR was calculated
with and without patient 26. Patient 26 was an
outlier who experienced six relapses within two
years of commencing rituximab, met diagnostic cri-
teria for seronegative NMO, but had some features
in keeping with MS, although no oligoclonal bands
in the CSF. Whilst the post-rituximab ARR was

lower without patient 26 (ARR 0.133 [95% CI:
0.043–0.311] vs 0.278 [95% CI: 0.139–0.497] with
patient 26), the change from pre-rituximab ARR did
not reach statistical significance (pre-rituximab ARR
0.314 [95% CI: 0.157–0.562] without patient 26 vs
0.339 [95% CI: 0.175–0.592] with patient 26; p=
0.313 and 0.432, respectively). Following rituximab
therapy, there was improvement in disability as mea-
sured by mRS. For the total cohort, median mRS was
2 (IQR: 1–3) prior to rituximab and improved to 1
(IQR: 1–2) at the time of last follow-up (p< 0.001).

Adverse events
The frequency of adverse events is described in
Table 4. Allergic reactions occurred in two patients
(5%) leading to rituximab cessation. Infections were
reported in 32% of patients. Most were mild, with
urinary tract infection in the setting of a urinary cath-
eter being particularly common. There was one fatal

Table 3. Comparison of pre- and post-rituximab ARR.

Group N

Pre-rituximab Post-rituximab

p value

Relapses Relapses

Events ARR (95% CI) Events ARR (95% CI)

Total 37 50 0.366 (0.271–0.483) 26 0.136 (0.088–0.201) <0.001
AQP-4-IgG-positive 27 38 0.375 (0.264–0.517) 15 0.097 (0.053–0.163) <0.001
Seronegative with
patient 26

10 12 0.339 (0.175–0.592) 11 0.278 (0.139–0.497) 0.432

Seronegative
without patient 26

9 11 0.314 (0.157–0.562) 5 0.133 (0.043–0.311) 0.313

Table 2. Pre- and post-rituximab relapse details.

Total
(N= 37)

AQP4-IgG-positive
(N= 27)

Seronegative
(N= 10)

Relapse severity pre-rituximab, N (%)
Mild 9 (18%) 6 (16%) 3 (25%)
Moderate 33 (66%) 26 (68%) 7 (58%)
Severe 8 (16%) 6 (16%) 2 (17%)

Relapse severity post-rituximab
Mild 17 (65%) 12 (80%) 5 (45.5%)
Moderate 9 (35%) 3 (20%) 6 (55.5%)
Severe 0 0 0
Relapses within 6 months of starting rituximab, N (%

of relapses post-rituximab)
4 (15%) 3 (20%) 1 (9%)

Post-rituximab relapses associated with B-cell
reconstitution, N (%)

7 (27%) 4 (27%) 3 (27%)

mRS pre-rituximab, median (IQR) 2 (1–3) 2 (1–3) 2 (2–3)
mRS at end of follow-up post-rituximab, median (IQR) 1 (1–2) 1 (0–2) 1 (1–2)
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case of urosepsis in a patient with tetraparesis and one
case of severe SARS-CoV-2 pneumonia in an unvac-
cinated patient. Secondary hypogammaglobulinaemia
(IgG < 6.0 g/L) occurred in three patients (8%), with
one patient (3%) requiring treatment with IVIg due
to recurrent infections. All three cases of hypogam-
maglobulinaemia were mild based on IgG level
(mild being 4.0–5.99 g/L, moderate 2.0–3.99 g/L
and severe < 2.0 g/L).22 Three patients were diag-
nosed with malignancies after commencing rituxi-
mab: one with small cell neuroendocrine lung
cancer, one with non-small cell lung cancer and one
with myelodysplastic syndrome progressing to acute
myeloid leukaemia (AML). Rituximab was ceased
in four patients (11%) due to adverse events, includ-
ing the two patients who experienced allergic

reactions, one patient who developed liver cirrhosis
and the one patient who developed AML.

Discussion
This study investigated the efficacy and long-term
safety of rituximab treatment, in an observational two-
centre cohort of patients with AQP-4-seropositive and
seronegative NMOSD. The doses of rituximab used in
these centres – predominantly a 1000 mg induction
dose given as two 500 mg doses two weeks apart, fol-
lowed by single 500 mg doses – are lower than the
doses most commonly reported in the literature.12,19

Patients with NMOSD require lifelong preventive treat-
ment given the potential for devastating relapses and as
such, an aim of rituximab therapy should be to adminis-
ter effective doses, but avoid overtreating which may
increase adverse effects, including hypogammaglobuli-
naemia and infections.14

The results of this study suggest that rituximab may
be an effective therapy for NMOSD at lower doses
than initially reported. Rituximab was associated
with a significantly reduced relapse rate in the
whole cohort and seropositive subgroup, but signifi-
cance was not reached for the seronegative subgroup.
This may be due to the small cohort of seronegative
patients and a greater degree of disease heterogeneity
in this cohort. Rituximab was also associated with a
significant improvement in mRS. This is an encour-
aging finding in light of the long follow-up durations,
where aging and medical comorbidities can begin to
impair function.

In the present study, the earliest case of rituximab use
dated back to 2005, providing 17 years of follow-up
data. In most of the early cases, rituximab redosing
was initially based on B-cell reconstitution.
However, in the latter years of the study, there was
a shift to routine six-monthly dosing for most patients.
This may have been driven by clinician experience of
relapses occurring in the setting of B-cell reconstitu-
tion. Previous studies have provided evidence to
support both redosing strategies.7,23–25 Novi et al.
found no significant difference in ARR between six-
monthly dosing and dosing based on B-cell
re-emergence.24 However, to our knowledge, such a
comparison has not been undertaken for the lower
doses of rituximab used in our study. It would
appear from our results, and those of other studies,
that six-monthly 500 mg dosing is generally adequate
to maintain B-cell suppression. Greenberg et al.
studied time to B-cell return following two doses of
rituximab: 100 mg and 1000 mg and found B-cell
return after a mean of 140 and 258 days,

Table 4. Adverse events during follow-up on
rituximab.

Adverse event, N (%)
N= 37
patients

Allergic reaction 2 (5%)
Anaphylaxis 0
Secondary
hypogammaglobulinaemia

3 (8%)

Hypogammaglobulinaemia
requiring IVIg

1 (3%)

Liver cirrhosis 1 (3%)
Patients with at least one infection 12 (32%)
Type of infection
Recurrent sinusitis 1 (3%)
Pneumonia 4 (11%)
Urinary tract infection 7 (19%)
Recurrent giardiasis 1 (3%)
Herpes zoster 1 (3%)

Severe infections 2 (5%)
Urosepsis 1 (3%)
SARS-Cov-2 pneumonia 1 (3%)

Malignancy 3 (8%)
Small cell neuroendocrine lung

cancer
1 (3%)

Non-small cell lung cancer 1 (3%)
Acute myeloid leukaemia 1 (3%)

Rituximab discontinuation
Total 8 (22%)
Due to allergic reactions 2 (5%)
Due to relapses 1 (3%)
Due to liver cirrhosis 1 (3%)
Due to malignancy 1 (3%)
Switched to ocrelizumab due to

availability
3 (8%)
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respectively.26 Thus, 500 mg dosing could be
expected to provide an intermediate duration of
B-cell suppression. In clinical practice, redosing
based on early identification of B-cell reconstitution
requires a particularly high level of pharmacovigi-
lance. The difficulty of such monitoring is illustrated
by our finding that 27% of relapses in each group
occurred in the setting of B-cell return. These relapses
all took place more than six months after the last dose
of rituximab, strengthening the case for routine six-
monthly dosing.

In the present study, 8% of patients developed mild
hypogammaglobulinaemia; one was treated with
IVIg due to recurrent infections. A study by Kim
et al. found that rituximab doses of 1000 mg given
twice, two weeks apart or 375 mg/m2 given weekly
for four weeks for induction, followed by individual
doses of 375 mg/m2 based on CD27 memory B-cell
recovery, resulted in 41% of patients developing
hypo-IgG by 14 years of treatment.27 This was con-
cordant with the results of other studies of similar
rituximab dosing regimens with shorter
follow-up.19,28–30 One such study, by Avouac et al.,
also reported a relatively high frequency of symptom-
atic and severe infections – 54% and 19%, respect-
ively – and found that hypogammaglobulinaemia
was associated with the development of infections
in patients with urinary dysfunction.28

The ability to make direct comparisons between our
study and prior studies involving higher doses of
rituximab is limited for a number of reasons, includ-
ing the retrospective nature of the majority of
studies and variations in the proportion of patients
exposed to other immunosuppressive agents.
However, our study does suggest both efficacy and
a favourable safety profile when rituximab is adminis-
tered at the lower dose of 500 mg, with a relatively
small proportion of patients developing hypogamma-
globulinaemia and infections.

A particular strength of our study was the long
follow-up duration (median 54 months). The study
does have limitations however. As a retrospective
study, it was limited to relapses and adverse effects
that were documented in the medical record. This
may have biased towards reduced recognition of
mild adverse events including minor infections. All
NMOSD relapses would be expected to come to
medical attention and thus be documented in the
medical record. We were also unable to use
Expanded Disability Status Scale (EDSS) as a disabil-
ity outcome measure, because the medical record

often lacked the level of detail required to accurately
estimate EDSS.

Conclusion
Our study provides long-term evidence that rituximab
may be an efficacious therapy for NMOSD and carries
a favourable safety profile, at lower doses than have
been traditionally used. Improvement in relapse rate
in the seronegative subgroup did not meet statistical
significance, with interpretation limited by the small
cohort size. The optimal dosing of rituximab for the
treatment of NMOSD warrants further investigation,
ideally with a RCT comparing different doses of
rituximab for efficacy and safety.
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