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Abstract

Background Neuromyelitis optica spectrum disorder (NMOSD) is a B-cell-mediated disease with autoimmunity towards
the astrocyte water channel aquaporin-4 (AQP-4) in the central nervous system.

Objective To assess the long-term safety and efficacy in NMOSD patients receiving maintenance therapy with B-cell-
depleting agent rituximab for more than 2 years.

Method NMOSD patients were included prospectively from 2014 to 2018 and received continuous cycles of rituximab infu-
sions biannually. Incidence of adverse events (AE), serious AEs (SAE), and infusion-related AEs were evaluated through
monthly phone calls and neurological examination every 4 months.

Results A total of 44 NMOSD patients were included, of those 30 were treatment naive (68%). The mean age was 37.2 years
with 79.5% females. With overall observation period of 31.6 +7.3 months (24-48 months), tolerability was assessed as
satisfactory in most cases. We observed infusion reactions (mostly mild) in 31.8% of patients and 31.8% never experienced
any AEs after a mean 5.1 cycles of rituximab therapy. Rituximab was also beneficial in terms of improvement in relapse rate
(from 0.26 +0.54 to 0, P=0.003) and Expanded Disability Status Scale (from 4.1 +1.8 to 3.1+ 1.8, P <0.001). Stratification
according to AQP4-IgG serostatus showed no difference between groups.

Conclusion Rituximab treatment is well tolerated, safe, and efficacious with a minor risk of mild infusion reactions for
NMOSD patients.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an
autoimmune disease of the central nervous system (CNS)
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that mainly affects the optic nerve and spinal cord [1]. The
majority of patients experience a relapsing course and fre-
quent attacks lead to increasing disability [2]. Several studies
indicate a crucial role for B cells in NMOSD pathogenesis
[3]. An immunoglobulin G (IgG) autoantibody specific for
the astrocyte water channel aquaporin-4 (AQP4) is detected
in most NMOSD patients [3]. Depletion of B cells is, there-
fore, a valid treatment approach for the disease [1, 4, 5].
Rituximab, a chimeric anti-CD20 monoclonal antibody,
is a maintenance treatment option for NMOSD patients [6].
During the maturation process, B cells express CD20 anti-
gen, the production of which ceases in mature plasma cells
[7, 8]. Rituximab primarily targets naive and memory B
cells through (a) antibody-dependent cytotoxicity, (b) com-
plement-associated cytotoxicity, and (c) inducing apoptosis
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in the targeted cells [9]. Rituximab has through suppression
of the B-cell population an effect on neurological autoim-
mune disorders driven by B-cell dysregulation [10] such as
myasthenia gravis [11]. For treatment of other diseases, the
most frequently reported side effects included fever, chills,
bronchitis, headache, nausea, vomiting, hypotension, throm-
bocytopenia and neutropenia [12].

There is no curative treatment for NMOSD and rituximab
as an immunosuppressive agent offers an option; however,
there is presently insufficient evidence on long-term safety
and efficacy of rituximab treatment. In this prospective
study, we registered long-term tolerability, safety and effi-
cacy of rituximab therapy in NMOSD patients.

Materials and methods
Study population

In a prospective study from 2014 to 2018, NMOSD patients
referred to the multiple sclerosis (MS) and related disor-
ders clinic at Kashani University Hospital in Isfahan, Iran,
were evaluated for inclusion in the study. Around 2% of the
patients referred to this center are usually diagnosed with
NMOSD. The NMOSD diagnosis was based on the interna-
tional consensus diagnostic criteria defined by Wingerchuk
et al. [13]. NMOSD patients that received rituximab treat-
ment during the study period were enrolled consecutively in
the study. Patients with prior or concomitant diseases that
prompted the use of rituximab were excluded from the study.
Upon enrollment, written informed consent was provided
from all participants; the study was approved by the research
ethics committee of the Isfahan University of Medical Sci-
ences (Approval Code: IR. MULRSEARCH.REC.1397.171).

Study protocol

Immunosuppressive therapies such as rituximab may con-
tribute to the increased risk of infection. Therefore, patient’s
vaccination status was evaluated and confirmed prior to
treatment to prevent certain infections. AQP4-IgG was
determined for each patient prior to study enrollment using
a commercially available indirect immunofluorescence kit
(Euroimmun, Liibeck, Germany) [14].

The rituximab treatment sessions were performed in com-
pliance with established standard protocols; briefly, in the
first session the patient received 500 mg rituximab (Zytux,
AryoGen Pharmed Company, Iran) delivered in 500 cc
of 0.9 sodium chloride via intravenous line for 1 h, each
week for 4 weeks (2 g in total) followed by 1 g of rituximab
received divided for two consecutive weeks (500 mg/week)
every 6 months. Before each infusion, patients received 4 mg

of oral chlorpheniramine and 100 mg of intravenous hydro-
cortisone to minimize hypersensitivity reactions.

Patients were seen in the clinic for neurological exami-
nation and safety evaluation every 4 months as well as
prior to rituximab injection sessions. They were also fol-
lowed up monthly via phone calls throughout the entirety
of their treatment period especially for evaluation of safety
and unwanted outcomes/events. A previously determined
checklist of unwanted reactions and side effects was col-
lected on each follow-up session (Supplementary File 1).
This check list was designed based on previous reports on
the side effects of rituximab [15, 16]. The occurrence of
infections, malignancies, or any unexpected side effects
was documented. All infections were noted as adverse event
(AE) or serious AE (SAE), if they required hospitalization.
Data from routine physical examinations, as well as annual-
ized relapse rate (ARR) and extended disability status scale
(EDSS), performed by a neurologist, were also registered
for each patient.

Statistical analysis

Descriptive statistical methods were used to report frequen-
cies and distribution of the results as well as means + stand-
ard deviation (SD). Categorical data were analyzed using a
cross-tabulation and chi-square; Simple 7 test and paired T
test or their non-parametric equals were used for analysis of
means among numerical data. Pearson analysis was used to
assess correlations between numerical data. P values less
than 0.05 were considered statistically significant. All statis-
tical analysis was performed using the IBM SPSS software
version 23.

Results
Baseline demographics and disease characteristics

A total of 46 patients were included in the study initially.
44 patients were followed up successfully. A 64-year-old
male, seronegative, with previous chronic obstructive pul-
monary disease expired due to a case of complicated pneu-
monia 1 month after initiation of the treatment. This patient
was hospitalized with complaint of respiratory distress and
died after 10 days because of hospital-acquired pneumo-
nia with influenza superinfection in spite of checked vac-
cination before initiation of treatment. Also, a 33-year-old
female, seronegative, presented severe anaphylactic reaction
during the first infusion session and was switched to other
medications.

The patients had an overall observation period of
31.6 +7.3 months (ranging from 24 to 48 months). The
mean age was 37.2 +10.4 years with 35 female patients

@ Springer



644

Journal of Neurology (2019) 266:642-650

out of 44 subjects (79.5%). The mean disease duration was
6.3 +4.1 years and the mean number of rituximab treatment
cycles was 5.1 +1.2. Table 1 presents baseline demographic
and disease data in the study population.

Serostatus and adverse events

The patients were stratified according to AQP4-IgG serosta-
tus, and 14 patients (31.8%) were AQP4-IgG seropositive
and were predominantly female (13 out of 14 cases). Sero-
positive and seronegative patients did not differ significantly
with regard to gender, duration of therapy, baseline annual-
ized relapse rates, baseline EDSS, and neurological presen-
tation of disease (P=0.135, P=0.293, P=0.809, P=0.857,
and P=0.618, respectively). Seronegative patients found
to be younger (34.9 + 8.5 compared to 42.7 +12.6 years;
P=0.031) and had shorter duration of disease (5.3 +3.7
compared to 8.6 +4.2 years; P=0.011) compared to seron-
egative subjects (Table 1).

Comparing the occurrence of reported AEs in each
separated category resulted in no statistically significant
difference between seropositive and seronegative patients

Table 1 Demographic and disease data of study sample

(Table 2). Twenty seronegative patients (66.7%) and ten
seropositive patients (71.4%) had reported experiencing at
least one AE (P=0.752). Moreover, comparing the mean
total number of reported AEs in seropositive (14 +1.6)
and seronegative (30+2) patients revealed no difference
(P=0.907).

Tolerability and safety

After initiation of treatment, tolerability was satisfactory
in almost all cases. Altogether, 82 episodes of AE were
documented in 44 patients who were followed up during
the study. As stated earlier, one of our cases died because
of previous pulmonary disease and complicated respiratory
infections 1 month after the first cycle of rituximab therapy.
Among the 44 cases who were followed at least 24 months,
none of the reported AE were found to be serious or life
threatening.

In general, 31.8% of the patients never experienced any
side effects or reactions and in 25% of the cases there was
only one account of AE reported throughout the study. Par-
ticularly, minor uncomplicated infections were reported in

Category Seropositive (N=14) Seronegative (N=30) P value
Age (years) 42.7+12.6 349+85 0.033
Disease duration (years) 8.6+4.2 5.3+3.7 0.011
Therapy duration (months) 29.7+5.9 325+7.8 0.293
Baseline Expanded Disability Status Scale 43+23 4+1.7 0.857
Last Expanded Disability Status Scale (EDSS) 39+25 27+13 0.070
EDSS reduction ratio 0.070+0.28 0.264+0.25 0.091
Baseline annualized relapse rate 0.21+0.43 0.30+0.60 0.809
Last annualized relapse rate 0 0 1
Sex Female 13 (92.9%) 22 (73.3%) 0.135
Male 1(7.1%) 8 (26.7%)
Previous medications Corticosteroid 4 (28.6%) 2 (6.7%) 0.028
Interferon 0 8 (26.7%)
None 10 (71.4%) 20 (66.7%)
Comorbid diseases Lupus 0 1(3.3%) 0.561
Asthma 0 2 (6.7%)
Hypothyroidism 0 1 (3.3%)
None 14 (100%) 26 (86.7%)
Neurological symptom in the first evaluation Optic neuritis 5(35.7%) 10 (33.3%) 0.618
Sensory deficit 2 (14.3%) 3 (10%)
Motor deficit 6 (42.9%) 10 (33.3%)
Ataxic gait 1(7.1%) 7 (23.3%)
Expanded Disability Status Scale Baseline 4.1+1.8 <0.001
Last 31+1.8
Annualized relapse rate Baseline 0.26+0.54 0.003
Last 0

Bold numbers reflect statistically significant p-values
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Table 2 Frequency of reported side effects among study population

Complications Seropositive (N=14) Seronegative (N=30) Total (N=44)
Infusion-related side Chills 1(7.1%) 6 (20%) 7 (15.9%)
effects Fever 0 4(13.3%) 4(9.1%)
Nausea 1(7.1%) 2 (6.7%) 3 (6.8%)
Muscular pain 1(7.1%) 3(10%) 4(9.1%)
Hypotension 2 (14.3%) 3 (10%) 5(11.4%)
Hypersensitivity Rash 1(7.1%) 0 1(2.3%)
Respiratory distress 1(7.1%) 3 (10%) 4(9.1%)
Angioedema 0 0 0
Others 0 1(3.3%) 1(2.3%)
Rigors 1(7.1%) 133.3%) 2 (4.5%)
Syncope 0 1(3.3%) 1(2.3%)
Other infusion-related reactions 5(35.7%) 5(16.7%) 10 (22.7%)
Non-infusional side Neutropenia 0 0 0
effects Bronchitis 1(7.1%) 1(3.3%) 2 (4.5%)
Infections Severe 0 0 0
Varicella zoster virus 0 0 0
Other (mostly urinary 5(35.7%) 9 (30%) 14 (31.8%)
tract infections)
Cardiac complications 1(7.1%) 1(3.3%) 2 (4.5%)
Renal complications 0 1(3.3%) 12.3%)
Hepatitis 0 0 0
Nervous system compli-  Encephalitis 0 0 0
cations Guillain-Barré syndrome 0 0 0
Hematologic complica- ~ Hemolysis 0 0 0
tions Thrombocytopenia 0 0 0
Thyroid complications 1(7.1%) 0 1(2.3%)
Other complications 0 0 0
Total Experienced at least one episode of side effect 10 (71.4%) 20 (66.7%) 30 (68.2%)
Mean number of total episodes 14+1.6 30+2 Total count: 82

31.8% of the patients none of which required hospitalization.  Efficacy outcomes
These infections mostly involved urinary tract and respira-
tory tract in a few cases (Table 2). There were no reported  Regarding treatment efficacy, the mean of EDSS decreased
accounts of SAE such as thrombocytopenia, hemolytic ~ from 4.1+ 1.8 to 3.1+ 1.8 after 2—4 years of rituximab
anemia, encephalitis, Guillain—-Barre syndrome, hepatitis, therapy (P <0.001). At baseline, 34 patients were relapse
primary varicella-related infections, malignancies or neu-  free (77.3%) while at the last follow-up, they had all been
tropenia in any of the patients during the follow-up period. relapse free in the past year (P <0.001). The mean ARR
Minor infusion-related reactions were reported in 31.8%  decreased from 0.26 +0.54 to 0 after 2—4 years of rituxi-
of the cases. These reactions were all self-limited and ~ mab therapy (P =0.003). As presented in Table 1, no dif-
were minimized by administration of chlorpheniramine  ference was found in the mean EDSS and ARR between
and hydrocortisone. There was only one account of severe  seropositive and seronegative patients at the end of study
hypersensitivity reaction as mentioned above and she was (P =0.070 and P =1, respectively) (Table 1). Moreover,
switched to another therapy at the first rituximab cycle. comparing the mean reduction ratio in EDSS (EDSS dif-
There was no significant correlation between the mean  ference divided by baseline EDSS) showed no statistically
treatment duration and the mean total number of AEs  significant difference (0.070+0.28 in seropositive patients
(r=-0.01, P>0.05). Table 3 shows the frequency and dis-  and 0.264 +0.25 in seronegative patients, P =0.091).
tribution of AEs based on the treatment longevity. Figure 1
presents the frequency of AE episodes for each patient in the
context of treatment duration.
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Table 3 Frequency and distribution of side effects based on treatment longevity
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Discussion

This prospective study describes the tolerability, safety
and efficacy of rituximab as maintenance therapy among
NMOSD patients, independent of AQP4-IgG serostatus,
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throughout a long-term follow-up beyond 24 months. Rituxi-
mab was well tolerated in most cases with satisfactory safety
and proven effect of treatment via reduced relapses (ARR)
and disability (EDSS). The safety of rituximab in NMOSD
has not been widely investigated and most available data
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Table 3 (continued)
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Fig. 1 Total number of adverse

events and duration of rituximab

therapy for patients (each dot 15.00
shows one patient)
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come from small studies or limited follow-up periods [4].
In the current study, about one-third of our patients experi-
enced minor infections of urinary and respiratory tract and
non-serious infusion-related reactions were also observed
in one-third of cases. A total of 31.8% did not report of any
AEs following rituximab therapy.

A recent metanalysis of 438 NMOSD patients, mostly
seropositive, with a mean follow-up of 27.5 months (range
3-272 months) reported AEs in 114 patients (26%) [17].
Among the reported AEs, infusion-related AEs and infec-
tions were the most common (10.3% and 9.1%, respectively)
[17]. However, of a total of 46 studies that were included in
this metanalysis only a few were focused on AEs. A closer
analysis of the studies with more focus on AEs disclosed the
following results. Smaller studies only reported infusion-
related AEs [18, 19]. With respect to larger studies, Kim
et al. evaluated a group of 30 NMOSD (6 treatment naive)
cases during 2 years of rituximab therapy and reported
transient non-serious infusion-related reactions in 40%
during the first infusion, mostly hypotension and flu-like
symptoms (febrile sense, headache, rash) [20]. Also, they
reported at least one non-serious infection in 40% of cases,
including nasopharyngitis, upper and lower respiratory tract
infection, and urinary tract infection [20]. A total of 27 of
these patients were reported as a retrospective case series
followed for 5 years to assess long-term efficacy of safety
of rituximab [21]. No serious AEs were observed and the
most commonly reported AEs were infections of respira-
tory tract, urinary tract, and a single case of Herpes zoster
infection [21]. Bedi et al. found non-serious AEs in 30% of
a group of 23 NMOSD patients (8 treatment-naive cases)
[22]. Annovazzi et al. retrospectively studied 73 NMOSD
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cases (16 treatment-naive cases) from 13 MS centers in Italy
and reported AEs in 19 cases (26%). Infections were the
most frequent adverse events seen in 12 (16.4%) cases (6 uri-
nary tract and 4 respiratory infections). Also, seven patients
experienced infusion reactions, which led to drug interrup-
tion in two of them. One patient reported breast cancer and
two died during the follow-up period; however, none as a
result of treatment complications [15]. On contrary, a study
on 21 NMOSD cases which received at least one course of
rituximab therapy reported serious infections in five patients
(24%) that lead to medication discontinuation in a single
case with recurrent pneumonia and persistent leukopenia.
All these patients had leukopenia and/or hypogammaglobu-
linemia and mostly presented with severe disability (median
EDSS of 7.5). Notably, they were leukopenic before entering
the study, and had a history of receiving immunosuppressive
drugs [23]. In 11 cases (52%), the authors reported persis-
tent IgG hypogammaglobulinemia after the first rituximab
course. Moreover, they observed three non-infectious com-
plications: one case of severe arterial hypotension followed
by atrial fibrillation, one case of breast cancer (who was
previously treated with cyclophosphamide), and one case
with worsening of pre-existing monoclonal IgG gammopa-
thy and persistent leukopenia, leading to discontinuation of
therapy [23].

While most of these studies focused on rituximab effi-
cacy and did not utilize a systematic approach to inves-
tigate safety, their findings are comparable to our results
regarding the favorable tolerability of rituximab. The
observed discrepancies could be justified with respect to
patients’ demographic as well as medical history and pre-
vious immunomodulatory therapies. As perceived from
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Table 1, our sample population was relatively young and
not severely disabled. This is an important determinant in
treatment safety studies. Younger age and less disability
are key factors that prevent a minor post-treatment insult
from evolving into a full-blown infection or major compli-
cation [24]. In terms of age, the most similar study to ours
was recently conducted by Memon et al. on 21 NMOSD
with the mean age of 35 years and mild severity of disabil-
ity [25]. Like our findings, they reported well tolerability
of repeated rituximab infusions over time without serious
infusion reactions, as well as UTI and URI as the most
frequent complications [25]. Unlike our findings, 13%
of their cases (4 out of 21 patients) required IV antibiot-
ics or hospitalization for serious infections (pneumonia,
UTI, sinusitis) [25]. Patients receiving rituximab are more
prone to infections, especially of urinary and respiratory
tract origin. These mucosal surfaces mainly rely on B-cell-
produced IgA antibody molecules for their defense against
pathogens [26].

Our study population included 30 treatment-naive cases
(68%), considerably more than other studies. History of
immunosuppressants could increase vulnerability to infec-
tions and other AEs due to long-term suppression of the
immune system. The high rate of leukopenia in Radaelli
et al. [23] study is not compatible with other reports as well
as our findings and is probably due to the history of leuko-
penia in most of their subjects. Long-term rituximab therapy
may increase the risk of hypogammaglobulinemia [23, 27].
As a limitation, we did not evaluate serum immunoglobulin
levels in the current study.

None of the previous studies on NMOSD patients have
reported any case of progressive multifocal leukoencepha-
lopathy [17] as has been reported previously in theumatoid
arthritis [28], lymphoma [29], and lupus [30]. Regarding
the other SAEs, we had one account of death, in a case with
a complicated medical history, and severe hypersensitiv-
ity reaction in another case. Overall, deaths are reported
in 1.6% of cases receiving rituximab [17]. Other reported
SAEs include persistent leukopenia (4.6%) and reversible
posterior encephalopathy (0.5%) [17] as well as those men-
tioned earlier. Malignancies have been rarely reported as a
possible SAE of rituximab in very small number of studies
as addressed earlier.

In the current study, we observed no difference regard-
ing the reported AEs between seropositive and seronega-
tive cases. This issue has not been investigated previously
and serostatus does not seem to be a determinant for AEs.
Moreover, no correlation was found between treatment dura-
tion and overall number of AEs. Similarly, Memon et al.
claimed that rituximab adverse events are not related to the
dosage, duration of treatment, and the number of treatment
cycles [25]. Based on previously published data from large
studies on other diseases (such as rheumatoid arthritis), there

is no known correlation between the duration of treatment
and AEs [31].

Regarding rituximab efficacy, we found a favorable out-
come in our study group in response to rituximab as has
been reported previously [17, 21, 32, 33]. Both EDSS and
ARR of our patients significantly decreased following ther-
apy. Notably, we found no difference regarding the efficacy
between seropositive and seronegative patients as summa-
rized by Damato et al. [17].

To conclude, the main side effects of rituximab therapy
include infusion reactions, and opportunistic and non-oppor-
tunistic infections. Injection reactions are very common
mostly controlled by antihistamines, IV steroids, or slow
up-titration of rituximab. Our results showed that treatment
with rituximab is well tolerated and safe in most cases;
complications that concomitantly arise are self-limited.
Rituximab favorably reduces disability and relapses, which
renders rituximab as a safe and efficacious treatment option
for NMOSD patients.
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