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Abstract
Aim: To analyse the efficacy of single dose rituximab (RTX) as induction therapy followed by conventional oral 
steroid-sparing agents (azathioprine, mycophenolate mofetil or methotrexate) in a cohort of patients with 
aggressive neuromyelitis optica spectrum disorder (NMOSD) without CD19, 20 and 27 biomarker testing. 

Methods: A retrospective analysis of clinical outcomes in eight patients with aggressive NMOSD treated with 
one course of RTX induction therapy in the Neurology Department at Kuala Lumpur Hospital from 2005 to 
2018 was performed. The effectiveness of the treatment was determined by the number of relapses, expanded 
disability status scale, annualized relapsed rates, and modified Rankin Scale both before and after treatment. B cell 
enumeration testing was done instead of CD19, 20 and 27 biomarker testing.

Results: There was a reduction in the mean annualized relapse rate from 4.7 to 0.5 attacks per year after treatment 
(P  = 0.011). Mean expanded disability status scale and modified Rankin Scale values improved from 5.4 to 3.6 
(P  = 0.018) and 3.6 to 2.6 (P  = 0.023), respectively. No patient developed any adverse effect. 

Conclusion: Single-course RTX induction therapy regime may be an alternative therapeutic option in resource 
limited hospitals to suppress NMOSD disease activity in the short term as pulse induction therapy whilst awaiting 
the effectiveness of conventional steroid-sparing agents. Further prospectively designed studies are required to 
prove efficacy.
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INTRODUCTION
Neuromyelitis optica spectrum disorder (NMOSD) is an autoimmune inflammatory demyelinating 
disorder of the central nervous system with preferential involvement of the optic nerve and spinal cord[1]. 
The disease has been reported worldwide with a prevalence ranging from 0.5-4.4/100,000[2]. In Malaysia, 
the crude prevalence rate of NMOSD is 1.9 per 100,000 population with a crude annual incidence of 0.3 per 
100,000 population[3]. In this study, NMOSD patients notably experienced more relapses resulting in attack 
related disability, had higher expanded disability status scale (EDSS) scores and longer disease duration 
than MS patients[3]. If untreated, 80% of NMOSD patients experience a second attack within 2 years and 
the 5-year mortality rate can be as high as 68% with 50% of the surviving patients developing permanent 
disability[4]. The mainstay of treatment for NMOSD consists of immunosuppressant therapy. In the acute 
management of relapses, corticosteroid and plasmapheresis are frequently used. However, long term use of 
corticosteroid often leads to multiple side effects[5]. Thus, conventional steroid-sparing immunosuppressive 
agents such as azathioprine (AZA), methotrexate and mycophenolate mofetil (MMF) are widely utilised as 
maintenance therapy to achieve remission and prevent relapses[4]. 

Recent evidence points to B cell-mediated humoral immunity in the pathogenesis of NMOSD. Rituximab 
(RTX), a monoclonal antibody targeting the CD20 antigen on B cells, has been found to be effective in 
several modest quality studies in terms of reducing relapse rates and improving patients’ outcomes[6-9]. 
RTX offers the prospect of an alternative steroid-sparing regime in the treatment of NMOSD, particularly 
when rapid disease control is required. Kim et al.[10] demonstrated the benefits of induction RTX followed 
by repeated doses to control disease activity when CD27 and memory B cells in the blood increased to 
more than 0.05%. Nevertheless, treatment with RTX is expensive and can cause profound B cell depletion, 
leading to the risk of severe immunosuppression and infection. Additionally, the monitoring of B cells and 
CD27 or CD19 are costly and multiple courses of RTX are a burden in regions with limited resources. At 
our institution, RTX is used as short course induction pulse therapy in patients with aggressive NMOSD 
followed by de-escalation to steroid-sparing agents such as AZA or MMF. Recent studies also suggest 
clustering of attacks occurring within 12 months of disease diagnoses, suggesting the hypothesis of “hitting 
hard” with early therapy to dampen the early aggressive inflammatory activity and later, down regulating to 
maintenance therapy may help in these fulminant situations[11].

METHODS 
In each patient, a diagnosis of NMOSD was made based on criteria described by the International Panel 
for Neuromyelitis optica (NMO) Diagnosis of 2015[1]. Relapses in this study were defined as objective 
worsening or new neurological symptoms and signs lasting for at least 24 h. Aggressive NMOSD in our 
cohort of patients was defined as one or more disabling relapses in the preceding 12 months in patients 
with or without maintenance immunosuppressant therapy. Disabling relapses were defined as worsening 
EDSS at the time of relapse to 6.5 or more, Medical Research Council power of 3/5 or worse in the lower 
limbs, or visual acuity worse than 6/36 in one or both eyes at the time of relapse over the preceding one 
year. The patients in our observational study were on stable doses of oral prednisolone for at least three to 
six months prior to commencement of RTX. 

This study was registered under the National Medical Research Register, Ministry of Health Malaysia 
(NMRR-19-291-46157 S1). 
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This clinical outcome study is a retrospective analysis of patients with aggressive NMOSD treated with 
RTX in the Neurology Department at Kuala Lumpur Hospital from 2005 to 2018. The study included 
eight NMOSD patients who had received one course of RTX induction therapy. Clinical, laboratory and 
neuroimaging data from both in-patient admission and outpatient records of all patients were collected 
and analyzed. The primary outcomes included were the number of relapses, EDSS, annualized relapse rates 
(ARR), and modified Rankin Scale (mRS) before and after treatment. The EDSS was used to quantify the 
disability of our patients. It was assessed during six-monthly follow-up. ARR was defined as the number of 
clinical attacks per year. The secondary objective was to analyse the side effects of a single course rituximab 
treatment.

Treatment protocol 
During the acute attack, high dose intravenous methylprednisolone at 1000 mg daily was given for 
5 days. Patients who continued to deteriorate or did not show significant improvement in clinical signs and 
symptoms after 2 weeks treatment were given plasma exchange (consisting of five cycles each). RTX was 
used thereafter for aggressive NMOSD patients who continued to have frequent relapses in a year while on 
oral immunosuppressant therapy.

All patients received RTX infusion as per our Department’s protocol [Figure 1]. At the initiation of 
treatment, the medication was given as a slow intravenous (IV) infusion of two doses 2 weeks apart at 
1000 mg each. A similar regime was applied by Cree et al.[6] and other RTX studies[5,12-14]. Patients were 
given premedication which consisted of IV promethazine 12.5 mg, IV hydrocortisone 100 mg and oral 
acetaminophen 1000 mg before the start of RTX infusion. All patients were then followed-up regularly 
at the Neurology outpatient clinic and assessed for further relapses, EDSS, mRS and side effects. Patients 
were monitored with full blood counts including lymphocyte counts and B cells (in selected patients), renal 
profile, liver function tests and C-reactive protein. Screening for chest infections were done with imaging 
and serum immunoglobulin levels were checked annually, if necessary.

While on RTX therapy, all patients had their pre-existing conventional steroid-sparing agents withdrawn 
and they were only re-initiated as per protocol 2 to 4 weeks after RTX induction therapy to prevent 
cumulative effects of infection or hematological and liver dysfunction amongst the patients. 

Figure 1. Protocol of single dose rituximab as induction therapy for aggressive NMOSD patients in Kuala Lumpur Hospital, Malaysia. 
NMOSD: neuromyelitis optica spectrum disorder; IPND: international panel for neuromyelitis optica diagnosis
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Treatment efficacy
The mean EDSS value prior to RTX treatment was 5.4 and after treatment, it improved to 3.6 (P = 0.018). 
Seven patients had reduction in EDSS scores whereas one patient (patient 4) did not show improvement 
following treatment. The same patient passed away due to myocardial infarction 1 year later [Figure 2]. The 
mean mRS prior to treatment was 3.6 and the mean mRS score post RTX improved to 2.6 (P = 0.023). On 
follow up, most of the patients following treatment were able to achieve independence in performing their 
activities of daily living.

Safety profile
Rituximab was well tolerated and none of our patients who received the therapy developed any short-
term adverse effects such as infusion related allergic reaction, fever, abdominal symptoms or hematological 
disorders. There was no reported case of progressive multifocal encephalopathy, malignancies, 
hypogammaglobulinemia or septicemia during the mean follow up period of 4.7 years (2 to 7 years) 
following RTX treatment. 

DISCUSSION
In patients with NMOSD, recurrent clinical relapses can lead to rapid accumulation of disability and 
clustering of attacks. Aggressive immunosuppressive therapy remains the mainstay of NMOSD treatment 
to reduce the number of destructive demyelinating events. NMOSD is thought to be an aquaporinopathy 
that is predominantly humorally mediated, with complex interplay between B cells, T cells, complement 
and cytokines. Since the first open-label study evaluating RTX in NMO patients by Cree et al.[6] in 2005, 

Figure 2. Relapses in patients with neuromyelitis optica spectrum disorder before and after treatment with rituximab. The mean follow-up 
duration after RTX therapy was 4.7 years. The use of rituximab was associated with significant reduction in the mean annualized relapse 
rate from 4.7 to 0.5 attacks per year after treatment (P  = 0.011). Six patients (75%) remained relapse-free during this period of follow up. 
Patient 2 suffered an attack of transverse myelitis, which occurred 4 years after the last dose of treatment due to poor compliance with 
maintenance oral immunosuppressants [Figure 1]. Patient 7 had a relapse five years after the last dose of rituximab therapy. This patient 
was on maintenance azathioprine from 2010 to 2016 when she developed transaminitis. Azathioprine was withheld, and she was on 
prednisolone 10 mg daily when the disease relapsed 
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there have been several studies assessing the effectiveness of monoclonal antibody therapy, targeting CD20 
epitope of the B cell lineage that is important in the pathogenesis of the disease[8,9,13,15-17]. In these studies, 
there was reduction in annualized relapse rates and improvement in disability as measured by the EDSS. 

However, in our resource limited setting, RTX is expensive and obtaining the medication for our patients 
remains a huge challenge. Thus, we had to use a dosing schedule of lower frequency and a single course of 
RTX was applied followed by oral immunosuppression to treat these patients. Data collected retrospectively, 
showed a significant reduction in the frequency of relapses, ARR in NMOSD patients with aggressive 
disease especially in those failing conventional immunomodulators. Remission was also maintained in 75% 
of patients for 4 years. Similar to the study conducted by Bedi et al.[5], we avoided abrupt withdrawal of oral 
prednisolone to prevent early relapses in those patients. Other immunomodulators were switched off while 
RTX was given. All our patients were on stable doses of oral prednisolone and they were either tapered 
off or reduced to the lowest possible maintenance dose of 5 to 20 mg after subsequent doses of RTX were 
given, or when reasonable doses of conventional steroid-sparing agents was on board for an appropriate 
time limit without further disease relapse. Such an approach may have a positive effect on relapse control 
and contributed to the stability of disease activity after single dose RTX therapy. 

To date, there has been no standard guideline or consensus on RTX treatment for patients with NMOSD. 
Existing protocols used to induce and maintain remission are characterized by heterogeneity in terms of 
infusion and monitoring schedules and methods. Previous studies practiced either prescheduled RTX 
induction regimen every 6 months, or retreatment based on B cell depletion monitoring[6-8,16-18]. CD19, 
CD20 and CD27 are among the commonly used treatment-related biomarkers[13,14,16,17]. However, our center 
lacks the facilities to monitor treatment with these tests though we are aware of the need to objectively test 
this for treatment response. We utilized lymphocyte enumeration tests by flow cytometry to estimate the 
B cell population as a guide to treatment. Nevertheless, the test is expensive and was only done in 50% of 
our patients who underwent RTX therapy. Thus, the data was too scarce to make a definite conclusion on 
retreatment decisions. Therefore, retreatment was guided mainly by the severity and frequency of ongoing 
attacks. In addition, our data demonstrated that eighty seven percent of our patients showed improvement 
in EDSS score and none of them required retreatment with RTX. 

In resource-limited hospitals, a single induction course of RTX treatment may be a therapeutic and 
economic option to suppress disease activity. We recognized that oral prednisolone during RTX treatment 
may potentially confound the analysis, however the overlapping benefit of steroids with RTX may be 
crucial to avoid sudden withdrawal of immunosuppressants that can potentially cause an early relapse. The 
doses of steroids were kept stable during this period and other immunosuppressants were withdrawn to 
prevent possible adverse events. 

Several studies have shown the benefits of low dose RTX in terms of improvement in ARR, disability scores 
and time to next relapse[17,19,20]. Kim et al.[17] reported a less frequent RTX retreatment approach which could 
maintain remission in a subset of NMOSD patients. It is postulated that the initial high induction dose 
of RTX (IV 1000 mg × 2 doses given 2 weeks apart) may be adequate to prevent early B cell repopulation, 
which is seen in some studies with lower initial doses of RTX[14,15]. To our knowledge, there has been no 
study to address the efficacy of a single course of RTX therapy followed by oral immunosuppressants 
maintenance in the management of aggressive NMOSD. In our small cohort of patients, regardless of the 
initial number of relapses and EDSS scores, majority responded very well to this treatment strategy and 
remained relapse-free.

Unlike the meta-analysis published by Damato et al.[21], which recorded 26% of patients treated with RTX 
had adverse reactions, none of our patients exhibited any side effects. Specifically, Damato et al.[21] reported 

Page 316                  Ong et al. Neuroimmunol Neuroinflammation 2020;7:311-8  I  http://dx.doi.org/10.20517/2347-8659.2020.05



that 10% of the patients experienced infusion-related adverse effects, but we managed to reduce this risk by 
premedicating our patients with IV promethazine, IV hydrocortisone and oral acetaminophen as stated in 
the treatment protocol. In addition, the absence of infection and leukopenia in our cohort of patients may 
be related to the withdrawal of immunomodulators prior to RTX and a delay of reinitiating the therapy for 
two to four weeks after treatment. We acknowledge that our small sample size might not reflect the actual 
safety profile of such an approach, however the absence of major side effects in our cohort of patients is 
promising for our therapeutic plan. We postulate that the lack of adverse events may be due to the absence 
of the cumulative effect of immunomodulators with RTX and the short frequency dosing as reported by 
others[22]. 

Nevertheless, there are several limitations to our study. Firstly, being a retrospective study, the analysis of 
data from medical records was subjected to recording bias. In addition, the patient group at baseline was 
heterogenous with regard to their pre-RTX status and have variable disease duration, number of relapses 
and EDSS severity. Oral immunosuppressant maintenance therapies and steroid doses following RTX 
treatment were also variable. Although our results were derived from a tertiary care institution, our sample 
size was small, which further highlights the challenges of access to RTX at tertiary establishments in a 
resource-limited setting. 

In conclusion, pulse induction therapy with a single course of RTX followed by subsequent de-escalation to 
oral immunosuppressants may be a convenient and economical approach in managing NMOSD patients. 
In resource-limited hospitals with restricted access to RTX, such an approach can potentially be effective to 
reduce relapses and improve EDSS scores with minimal side effects. This treatment plan allowed adequate 
time for optimization of other oral medications to achieve their therapeutic benefits. Moreover, the ability 
to achieve and maintain remission suggests that RTX has long-term effects extending beyond treatment 
discontinuation. Nevertheless, we concede that a further, larger prospective cohort study is required to 
demonstrate the efficacy of such a treatment approach. 
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