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Abstract

Background—Debate exists about whether neuromyelitis optica spectrum disorder seronegative 

disease represents the same immune-mediated attack on astrocytic aquaporin-4 as in seropositive 

disease.

Objective—We investigated whether response to common treatments for neuromyelitis optica 

spectrum disorder differed by serostatus, as assessed by change in annualized relapse rate.

Methods—We performed a multicenter retrospective analysis of 245 patients with neuromyelitis 

optica spectrum disorder who were treated with either rituximab or mycophenolate mofetil as their 

first-line immunosuppressive treatment for disease prevention. Patients were followed for a 

minimum of 6 months following treatment initiation.

Results—In those started on rituximab, the pre-treatment annualized relapse rates for 

seropositive and seronegative patients were 1.81 and 1.93, respectively. On-treatment annualized 

relapse rates significantly declined to 0.32 (seropositive; p<0.0001) and 0.12 (seronegative; 

p=0.0001). In those started on mycophenolate mofetil, the pre-treatment annualized relapse rates 

for seropositive and seronegative patients were 1.79 and 1.45, respectively. On-treatment 

annualized relapse rates declined to 0.29 (seropositive; p<0.0001) and 0.30 (seronegative; 

p<0.005).

Conclusions—In this international collaboration involving a large number of neuromyelitis 

optica spectrum disorder patients, treatment was effective regardless of serostatus. This suggests 

that treatment should not differ when considering these treatments.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a rare, relapsing autoimmune disease 

of the central nervous system characterized by longitudinally extensive myelitis and optic 

neuritis (ON), leading to paralysis and blindness.1 NMOSD is associated with the highly- 

specific antibody against aquaporin-4 (AQP4) biomarker found in the sera of 58–83% of 

patients worldwide, depending on the assay.2,3 The new NMOSD clinical criteria stratify 

NMOSD by AQP4 antibody serostatus allowing for the diagnosis of seropositive patients 

with limited or early forms of the disease.4 AQP4 seronegative patients must meet a higher 

threshold with proof of multifocal inflammatory disease across the spinal cord, brainstem, 

and/or optic nerves. Debate continues about whether AQP4 seronegative NMOSD represents 

the same immune-mediated attack on astrocytic AQP4 versus a different immunological 

process,5,6 and studies to date comparing the clinical profile of patients by serostatus are 

incongruous.5,7–9 In the meantime, patients and their clinicians have had little guidance 

regarding the utility of commonly prescribed immunosuppressive treatments specifically for 

AQP4 seronegative disease, and whether response differs by treatment. The objective of this 

study is to retrospectively assess records of both seropositive and seronegative patients to 

determine if response to common immunosuppressive treatments differs by serostatus. The 

current study provides support that two of the most commonly used immunosuppressive 

medications for prevention of relapses,10,11 rituximab (RTX) and mycophenolate mofetil 

(MMF), are equally efficacious in AQP4 seropositive and seronegative NMOSD patients.

Patients and Methods

For this retrospective study, we reviewed records for patients meeting 2015 NMOSD revised 

diagnostic criteria evaluated at six international departments of neurology: the Johns 

Hopkins University School of Medicine (Baltimore, MD, USA), Research Institute and 

Hospital of National Cancer Center (Goyang, Korea), University of Texas Southwestern 

(Dallas, TX, USA), Mayo Clinic (Scottsdale, AZ, USA), Charite University Medicine 

(Berlin, Germany) and Neuroclinica (Medellín, Colombia). The study was approved by 

individual Institutional Review Boards, as appropriate, and shared data were deidentified for 

analysis. Informed consent was waived. Patients were included if complete records of their 

relapse and treatment history, demographic data and serostatus were available for those who 

received RTX or MMF as their first-line immunosuppressive treatment and were 

subsequently followed for a minimum of 6 months after initiation of treatment. Patients with 

prior exposure to glatiramer acetate were included as there are no data to suggest it is 

harmful in NMOSD, while those with exposure to other immunotherapies used for multiple 

sclerosis were excluded, including interferon beta-1, fingolimod and natalizumab.12–14 

Patients on concomitant low-dose corticosteroids were excluded. Patients on prior 

immunosuppressive treatment with azathioprine, cyclophosphamide, methotrexate, and 
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mitoxantrone were excluded, as were those who received both RTX and MMF in 

combination. No additional patients were excluded.

A relapse was defined across all centers as a new or worsening acute neurologic symptom 

lasting at least 24 hours, associated with a change in exam localizing to the spinal cord, optic 

nerve or area postrema and not explainable by fever, infection or metabolic condition. MRI 

was used for relapse confirmation at 4 centers (n=213), and as needed for equivocal 

presentations at the other two, as determined by the treating neurologist. Recent criteria have 

been published for use in an ongoing international NMOSD clinical trial,15 and these criteria 

were applied for those patients without MRI verification at the time of the event.

The primary outcome was change in annualized relapse rates (ARR) between pre- treatment 

ARR calculated from onset of disease and post-treatment ARR. For the purposes of this 

study, those patients who did not have any new inflammatory event while on treatment were 

considered to be in remission, and remission rates reflect the total percent of patients who 

remained relapse-free. Time to first relapse on treatment included only those patients in 

whom therapy had failed. Mann-Whitney t-tests, Wilcoxon signed-rank tests and Fisher’s 

exact tests were conducted as applicable using GraphPad Prism v7 software. For this 

analysis, findings with p-values less than 0.05 were considered significant.

Results

We analyzed 245 patients who met inclusion criteria, including 102 from the Research 

Institute and Hospital of National Cancer Center, 80 from Johns Hopkins University, 20 

from University of Texas Southwestern, 19 from the Mayo Clinic, 13 from Charité 

University Medicine and 11 from Universidad de Antioquia. Median age at disease onset 

was 37.0 years (mean, 38.3). Patients were followed for a median of 7.9 years (mean, 8.6). 

One hundred forty two patients were initiated on RTX (87% seropositive) and 103 (83% 

seropositive) were initiated on MMF. Non-white patients were 3.5 times more likely to be 

seropositive compared to whites and female patients were 5.4 times more likely to be 

seropositive compared to males (Table 1). Time to diagnosis was significantly higher in 

seronegative patients. Disease duration, age at onset, pre-treatment relapse rates, and all 

other demographics were similar between groups (Table 1).

RTX was dosed at 1000 mg +/− a second dose 2 weeks later or 375 mg/m2 weekly x4 weeks 

to achieve B cell depletion by CD19+ and/or CD27+ counts, with repeat infusions every 6 

months or upon B cell repletion defined as a discrete population of B cells measurable in the 

blood by flow cytometry. In this group, the pre-treatment annualized relapse rates were very 

similar between AQP4 seropositive and seronegative patients at 1.81 and 1.93 relapses per 

year, respectively. After a median treatment duration of 3.5 years (mean 4.3), the annualized 

relapse rates significantly dropped to 0.32 and 0.12 relapses per year, in seropositive and 

seronegative patients respectively (p≤0.0001, Figure 1). The remission rate among AQP4 

seropositive patients was 64.2%, while among AQP4 seronegative patients was 84.2%. The 

slight improved response among AQP4 seronegative patients was not significantly different 

from AQP4 seropositive patients (p=0.12; Table 2). Among those patients who relapsed 

despite treatment with RTX, the median time to relapse in seropositive and seronegative 
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patient groups was 7 months and 5 months, respectively, which is not significantly different 

(p=0.79).

MMF was dosed at 1500–2000 mg/day +/− titration to a goal absolute lymphocyte count of 

1.0–1.5 × 103/µL, or to a target weight-based dose of 30mg/kg/d. In this group, the pre- 

treatment annualized relapse rates were similar between AQP4 seropositive and seronegative 

patients at 1.79 and 1.45 relapses per year, respectively. After a median treatment duration of 

treatment of 3.0 years (mean 3.4), the annualized relapse rates significantly dropped to 0.29 

and 0.30 relapses per year, in seropositive and seronegative patients respectively (p<0.005; 

Figure 2). The remission rate among AQP4 seropositive patients was 64.7%, while among 

AQP4 seronegative patients was 77.8% (p=0.41; Table 3). Among those patients who 

relapsed despite treatment with MMF, the median time to relapse was 17 months and 7.5 

months, which is also not significantly different between AQP4 seropositive and 

seronegative patients (p=0.21).

Discussion

In this multicenter analysis of a large number of NMOSD patients, there was no difference 

in treatment response to either RTX or MMF based on AQP4 serostatus. Both AQP4 

seropositive and seronegative patients showed a beneficial response characterized by a 

notable reduction in the annualized relapse rate after starting either medication. Our findings 

in a racially diverse cohort that is more reflective of the worldwide NMOSD population 

supports previous findings from a local NMOSD patient cohort.9 The degree of response to 

both immunosuppressive treatments is also similar to previously published studies.16–18 In 

addition to the medications working similarly despite serostatus, there was no significant 

difference in degree of response between medications. The implication is that patients 

meeting the 2015 revised diagnostic criteria for NMOSD should respond similarly to either 

RTX or MMF regardless of AQP4 serostatus. While it has been previously reported that 

patients are responsive to immunosuppression despite serostatus, this is, to our knowledge, 

the first study to examine the impact of specific immunosuppressive treatments, RTX and 

MMF, on relapse rates by serostatus. Our data do not indicate that seropositive and 

seronegative patients have the same primary immunopathogenesis, but they do suggest that 

immunosuppression may be beneficial regardless of the serostatus. While the decision to 

treat and the treatment itself should not differ for seronegative patients when considering 

RTX and MMF, differences in treatment responses may emerge by serostatus as antigen-

specific therapies become available in the future. For example, AQP4 seronegative NMOSD 

patients who test positive for serological antibodies to myelin-oligodendrocyte glycoprotein 

(MOG) may not respond as well to antigen-specific therapy targeted to AQP4 as an AQP4 

seropositive NMOSD patient,19 and most of our seronegative patients were not tested for 

this antibody.

Several limitations are noted in this retrospective analysis. Despite the relatively large 

number of patients examined in this analysis of a rare disease, many patients were excluded 

because of failure to meet our inclusion criteria. Several sites historically used azathioprine 

as their first-line therapy in NMOSD, which allowed for only small numbers for inclusion 

from these centers. Also, in what is already a rare disease, the AQP-4 seronegative patient 
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population is rarer yet. As such, even with our pooled resources across centers, the numbers 

in the seronegative group are relatively small. Another limitation of this study is such that 

relapses resulting from suboptimal treatment were not differentiated from those in which the 

medication failed despite optimal immunosuppression, as laboratory data were not made 

available from all sites. The medication regimens differed not only by site, but also within 

patients over time, so a sub-analysis was not possible in this retrospective review. This study 

is further limited by the inherent biases associated with retrospective studies, including 

information bias. Given the scarcity of the disease, a random sampling of patient records is 

not feasible; however, the cross-cultural inclusion of any patient meeting study criteria 

allows for increased generalizability of results. Relapse severity was not collected for this 

analysis. Because of deficits in the application of the Expanded Disability Status Scale to 

NMOSD, an international effort is underway to clarify relapse severity in NMOSD; once the 

relapse definition and severity scale have been published, we intend to address this important 

factor through prospective data collection. Future well-controlled studies are also indicated 

to prospectively validate our findings that suggest immunosuppression with RTX or MMF 

decreases relapse rates in patients with NMOSD, regardless of serostatus.
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Figure 1. 
Comparison of annualized relapse rate before and after initiation of rituximab: A. patients 

with AQP4 seropositive NMOSD (p<0.0001), B. patients with AQP4 seronegative NMOSD 

(p=0.0001).
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Figure 2. 
Comparison of annualized relapse rate before and after initiation of mycophenolate mofetil: 

A. patients with AQP4 seropositive NMOSD (p<0.0001), B. patients with AQP4 

seronegative NMOSD (p=0.0039)
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Table 2

Rituximab Response to Treatment by Serostatus

Seropositive
(n=123)

Seronegative
(n=19)

p-value

Time on treatment, median (mean, range) in years 3.5 (4.3; 0.5–10.5) 2.4 (3.5; 0.5–10.9) 0.29

Pre-RTX ARR 1.81 1.93 0.92

Post-RTX ARR 0.32 0.12 0.11

Remission rate, % 64.2 84.2 0.12

Time to 1st relapse on treatment, median (mean, range) in years; relapse group 0.6 (1.0, 0.1–4.7) 0.4 (0.9, 0.2–2.2) 0.79
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Table 3

Mycophenolate Mofetil Response to Treatment by Serostatus

Seropositive (n=85) Seronegative (n=18) p-value

Time on treatment, median (mean, range) in years 3.4 (3.0, 0.5–7.7) 3.1 (2.6, 0.5–9.6) 0.63

Pre-MMF ARR 1.79 1.45 0.14

Post-MMF ARR 0.29 0.30 0.41

Remission rate, % 64.7 77.8 0.41

Time to 1st relapse on treatment, median (mean, range) in years; relapse 
group

1.4 (1.7, 0.3–5.9) 0.6 (0.9, 0.1–2.3) 0.21
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