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A B S T R A C T

Current and emerging therapies for 
neuromyelitis optica
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Neuromyelitis optica (NMO) is an autoimmune demyelinating disease that mainly affects the optic nerve and spinal cord, potentially 
resulting in blindness and paralysis. Once thought to be a clinical variant of multiple sclerosis, NMO is currently considered as a different 
disease with its own features due to the identification of a specific autoantibody against aquaporin 4. Given the high risk of disability, 
treatment should be launched once the diagnosis is established. Evidence from clinical practice showed that traditional immunosuppressive 
agents affecting the function of T and B cells could attenuate disease exacerbation. Recently, with better understanding pathogenesis of 
NMO, increasing bodies of novel therapies and therapeutic targets have been discovered. In this review, the authors discuss the current 
strategies of treating NMO in details and briefly introduce the potential therapies in future.
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INTRODUCTION

Neuromyelitis optica (NMO) is an inflammatory 
demyelinating disease of the central nervous system 
(CNS) characterized by recurrent optic neuritis and 
transverse myelitis. A relapsing-remitting clinical 
course was observed in the most patients. Historically, 
NMO was thought to be a variant of multiple sclerosis 
(MS). Given its distinct clinical features, radiological 
changes and the identification of the autoantibody 
targeted to aquaporin 4 (AQP4),[1] it is now believed to 
be a different disease with its own diagnostic criteria, 
prognosis and treatment.

The epidemiology information of NMO is limited 
because of its rarity and commonly confusing with MS. 
Estimated incidence and prevalence of NMO ranges 
from 0.05-0.4 and 0.1-4.4 per 100,000 respectively.[2-5] 
It has a preference in non-Caucasian women.[6] The 
median age of disease onset is between 34-43 years, 
while children and elder people are also affected.[7] 
Unlike MS, patients with NMO are more possibly 
associated with other autoimmune diseases, like 

systemic lupus erythematosus, Sjogren’s syndrome,[7] 
suggesting these patients may have a genetic tendency 
to autoimmune.

AQP4-IgG, a sero-biomarker of NMO, distinguishes 
NMO from other demyelinating disorders and was 
incorporated into the 2006 diagnostic criteria of 
NMO,[8] broadening the spectrum of NMO. In 2007, 
neuromyelitis optica spectrum disorder (NMOSD) was 
termed to encompass patients who have detectable 
serum AQP4-IgG but do not fully meet the diagnostic 
criteria (e.g. first-atack LETM, typical NMO with brain 
lesions, NMO with other autoimmune diseases).[9] 
In 2015, the international panel for NMO diagnosis 
unified the term of NMO and NMOSD, and developed 
diagnostic criteria for seropositive and seronegative 
NMOSD, respectively.[10]

The pathogenesis of NMO still remains ambiguous. 
It is currently considered that AQP4-IgG is of 
great importance in triggering NMO. AQP4 is a 
transmembrane protein expressed by astrocytes 
and controls the flow of water in cells.[11] Upon the 
penetration through the blood brain barrier (BBB) and 
binding with AQP4 on perivascular astrocyte end feet, 
AQP4-IgG activates the classical complement pathway 
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which injured astrocytes, followed by marked NK cell, 
granulocyte and monocyte infiltration along with BBB 
breakdown, oligodendrocyte death and demyelination, 
microglia activation and even neuronal apoptosis.[12] 
Unfortunately, the mechanism of AQP4-IgG generation 
remains unclear; predictions include AQP4 molecular 
mimicry and infection.[13,14] Although T cells are rare 
in the CNS lesions, recent studies indicate that some 
T cell subsets may also involve in the pathological 
process. Th17 cells[13] and follicular helper T cells 
(Tfh)[15] significantly increase during the relapse period, 
which are critical for breaking down BBB and antibody 
production. Further investigation into the pathogenesis 
mechanism of NMO may facilitate the development of 
more therapeutic targets.

CURRENT THERAPIES OF NMO

Since NMO has a relapsing-remitting clinical course, 
the treatment of NMO is divided into two stages: 
management of acute attacks and prevention of 
future relapses. The main aims of acute therapies are 
to suppress the inflammatory response, minimize 
the irreversible neurological damages and accelerate 
recovery, whereas preventive therapies are designed to 
reduce relapse frequency. Treatment strategies for these 
two stages are discussed as follows.

Therapies of acute attacks
The most typical treatment for an acute attack 
of NMO is the administration of intravenous 
methylprednisolone (IVMP). Glucocorticoids exert 
profound anti-inflammatory and immunosuppressive 
effects, including down regulation of pro-inflammatory 
cytokines, reduction of adhesion molecules and 
matrix metalloproteinases, prevention of apoptosis 
of mononuclear cells and restoration of the BBB 
integrity.[16] Up to now, there have been no prospective 
clinical trials for acute treatment of NMO, meaning 
that the reliable dosages and duration have not 
been reviewed. Methylprednisolone is commonly 
prescribed for 1,000 mg per day for 3-5 days, followed 
by prednisone starting from 60-100 mg per day. If 
patients demonstrated no improvement after IVMP, 
plasma exchange (PE) should be considered. PE is 
recommended as a second-line therapy for refractory 
patients, accelerating the removal of antibodies, 
complements, pro-inflammatory cytokines and 
chemokines. Generally PE is performed daily or 
every other day for five cycles each of which remove 
1.0-1.5x volumes of plasma.[17] Retrospective studies 
and case series have reported that the total remission 
rate of PE therapy was between 44-75%.[18] Male 
patients and early initiation therapy were associated 
with better improvement.[18] If patients demonstrated 

promising improvement after PE, it can be considered 
as the first-line therapy for the next acute attack. The 
treatment with intravenous immunoglobulin (IVIg), 
which is an ideal alternative for PE in other neurological 
disorders such as myasthenia gravis, multiple sclerosis 
and Guillain-Barré syndrome, in acute NMO has also 
been reported;[19,20] however, the improvement of the 
prognosis of steroid refractory individuals has not been 
clearly demonstrated, indicating IVIg therapy may need 
further investigation in acute NMO.

Prevention of acute attacks
Given its high recurrence rate and severe 
morbidity associated with one relapse, long-term 
immunosuppressive treatment should be instituted 
right after the recovery of the first attack. Due to 
its low incidence, data of prospective randomized 
controlled trials of preventive agents are still limited. 
For developing a treatment protocol, the effects of prior 
treatment, the short-term and long-term side effects, 
other system complications and even economic status 
of patients should be considered intensively.

Azathioprine
Azathioprine is shown to be the most popular oral 
immunosuppressive agent currently used in NMO 
treatment, which can effectively disrupt purine 
synthesis and inhibit the proliferation of T and 
B cells. A large retrospective study including 99 
patients with NMO or NMOSD demonstrated that 
the annualized relapse rate (ARR) decreased from 
2.20 to 0.52 during a median treatment interval of 22 
months.[21] The usual initial dose is 50 mg/day, and 
subsequently increased to 2-3 mg/kg per day, which 
provides better improvement. As azathioprine may 
take full effect only after 3-6 months, oral steroids 
should be used simultaneously (1 mg/kg per day). A 
recent prospective trial has showed azathioprine plus 
low dose corticosteroid distinctly reduced the ARR 
(from 0.923 to 0) of the NMO patients in Southern 
China and 57.1% of patients were relapse-free during 
a median follow-up of 20 months.[22]

Mycophenolate mofetil
Mycophenolate mofetil is a potent immunosuppressive 
drug that inhibits the inosine monophosphate 
dehydrogenase and suppresses the proliferation of T 
and B cells. It has been demonstrated in a retrospective 
case series of 24 patients (median dose 2 g daily) that 
mycophenolate mofetil decreased the ARR from 1.28 
to 0.09 over a median follow-up of 28 months, but the 
expanded disability scale score (EDSS) remained almost 
unchanged (6.0 pretreatment vs. 5.5. post-treatment).[23]

Mitoxantrone
Mitoxantrone, an inhibitor of topoisomerase II, is 
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firstly used in treatment acute leukemia and other 
malignancies. The potent ability of suppressing the 
development of some lymphocytes, especially B cells, 
guaranteed the therapeutic effect in treatment of some 
autoimmune diseases, such as aggressive relapsing MS. 
It was reported in 2006 among 5 patients with NMO.[24] 
Although 2 patients experienced relapse during a 
2-year follow-up period, 4 of them benefited from the 
treatment (12 mg/m2 monthly for 6 months and 3 cycles 
at 3-month interval for maintenance) and 3 gained long-
term remission. In another case, Kim et al.[25] reported 
that 20 NMO patients infused with methotrexate (3-6 
monthly cycles of 12 mg/m2 followed by 6-12 mg/m2 
maintenance doses) showed a reduction of ARR (2.8 to 
0.7) and EDSS (5.6 to 4.4).

Methotrexate
Methotrexate inhibits purine and thymidylate 
synthesis. A retrospective case of 14 NMO/NMOSD 
patients treated with methotrexate at a median dose 
of 17.5 mg weekly showed a significant decrease of 
ARR from 1.39 to 0.18. However, 13 out of 14 patients 
were co-treated with other immunosuppressive 
agents: oralprednisolone (n = 11), rituximab (n = 1), 
or tacrolimus (n = 1), and the impact of these remains 
unknown.[26]

Oral corticosteroids
In addition to intravenous administration of 
high dose for acute exacerbation, low dose of oral 
corticosteroids have been shown to be effective 
in maintaining long-term remission. A cohort 
of 25 Japanese patients, receiving low-dose 
prednisolone (2.5-20.0 mg daily) as monotherapy 
was retrospectively evaluated in a median period 
of 19.3 months. Results showed that ARR declined 
from 1.48 to 0.49. Meanwhile, this study indicated 
the therapeutic effect was dose-dependent. Patients 
receiving less than 10 mg/day were more susceptible 
to relapse.[27]

Rituximab
Rituximab (RTX) is a chimeric mouse/human 
anti-CD20 monoclonal antibody that specifically 
depletes peripheral CD20-positive B cells. This 
antibody binds to the surface antigen on B cells 
and activates complement-dependent cytotoxicity 
and antibody-dependent cell-mediated cytotoxicity. 
It was firstly used in the treatment of lymphomas 
and leukemia. Recently, RTX has been reported to be 
effective in treating certain autoimmune disorders 
such as rheumatoid arthritis.[28] RTX potently 
suppresses autoimmune reaction by blocking the 
differentiation of B cells into plasma cells, antigen 
expression and release of cytokines simultaneously. 

Cree et al.[29] firstly reported that RTX is refractory to 
other immunosuppressive agents in an open labeled 
trial of treatment of NMO. In this study, RTX was 
infused weekly at 375 mg/m2 for 4 weeks followed by 
1,000 mg reinfusion if CD19+ B cells were detectable 
in the peripheral blood. Positive curative effect was 
observed in all cases with significant reduction of 
ARR (2.6 to 0) and EDSS (7.5 to 5.5). In another 5-year 
prospective study, Kim et al.[30] reported that 26 of 30 
patients benefited from the treatment with a reduction 
of ARR and stabilization of EDSS 18 patients totally 
recovered in 24 months.

Dose-dependent strategies have been exploded in the 
treatment of NMO. Generally, there are two different 
regimens: one is discussed above in Cree’s study while 
the other one is 1 g infusion at an interval of 2 weeks for 
twice. The dose of RTX was adopted from the treatment 
of B-cell malignancies which is considerably expensive 
and has a high probability of occurrence of side effects. 
A Chinese group reported that repeated infusion with 
reduced dosage of RTX to five patients with NMO/
NMOSD was very effective in modulation of peripheral 
B cells and prevention of relapse.[31] The regimen was 
100 mg per week for consecutive 3 weeks. One hundred 
milligram of RTX was reinfused when the percentage 
of the B cells circulation reached 1%. None of the 5 
patients experienced relapse during the 1-year follow-
up period. The median EDSS score slightly decreased 
from 4.5 to 4, while all the patients got a significant 
functional improvement after therapy. Despite the 
fact that this study indicated that responsiveness may 
achieve in a lower dose in Asian patients, further 
investigations with a sufficient number of patients are 
needed.

OTHERPROMISING THERAPIES

Complement-targeted therapy
As discussed above, complement activation pays an 
important role in the pathogenesis of NMO. Eculizumab, 
a humanized monoclonal anti-complement C5 
antibody, inhibits its cleavage by C5 convertase and 
subsequently blocks the complement cascade. In an 
open label clinical trial of 14 patients, intravenously 
administration of 900 mg eculizumab every 2 weeks 
significantly reduced ARR and improved the patients’ 
neurological deficits.[32] Twelve of 14 patients got no 
relapse after 12-month treatment, however one patient 
got meningococcal sepsis and sterile meningitis. In 
spite of this preliminary finding, the efficacy and 
safety of eculizumab should be further reviewed.

C5 is the key molecule of all the three complement 
pathways. The infectious adverse effect above was 
likely due to the inhibition of the alternative and lectin 
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pathways that are important in eliminating microbes. 
C1 is only involved in the classical pathway; 
inhibition C1 not only blocks the cytotoxicity 
(CDC) and antibody-dependent cellular cytotoxicity 
（ADCC） effect, but also saves the anti-infection 
function of the alternative and lectin pathway. It 
has been discovered that C1-inhibiting monoclonal 
antibody is sufficient for preventing NMO in mouse 
models.[33] Another small-scale phase I clinical trial 
reported C1 esterase inhibitor significantly reduced 
the EDSS score of patients with NMO, and no obvious 
side effects showed up.[34] So the selective inhibition 
of the classical complement pathway is hypothesized 
as another more promising and safer complement-
targeted therapy.

Inhibition of IL-6-IL-6 receptor signaling
A few studies have indicated that interleukin 6 
(IL-6), increasing in NMO during relapse phase, is 
a potent driver of NMO relapsing to enhance the 
survival of plasma blast and secretion of AQP4-
IgG.[15,35-37] Tocilizumab, an IL-6 receptor blocking 
antibody, reduced the survival of AQP4-IgG-
secreting plasma blast and reduced NMO relapse. 
A few case reports showed that tocilizumabhasa 
positive impact on the patients’ condition due to its 
ability of suppressing the CD20-plasma cells and 
decreasing the titer of AQP4-IgG,[38-40] suggesting 
tocilizumab is a promising alternative therapy for 
aggressive, immunosuppressive agents-refractory 
patients. Clinical trials in large scale are needed to 
examine the effectiveness and safety of tocilizumab 
in NMO treatment.

Restoring stability of blood brain barrier
Elevated level of albumin was detected in the CSF 
of patients with NMO during relapse, indicating the 
stability of BBB is damaged in the acute phase of 
NMO.[41] A few studies reported serum from AQP4-IgG 
positive patients increases the permeability of artificial 
BBB and reduces the expression of tight junction 
proteins.[42,43] Although the specific mechanism still 
remains unclear, majority of studies strongly suggested 
that the vascular endothelial growth factor (VEGF)[42] 

and matrix metalloproteinases[44] were involved. 
Currently the anti-VEGF monoclonal antibody, 
bevacizumab, is under clinical review of the clinical 
benefits in restoring the stability of BBB in NMO 
patients.[45]

Restraining the activity of neutrophils
Large number of neutrophils was detected in the 
perivascular lesions in both human cases of[46] and 
animal model[47] of NMO. Sivelestat, a neutrophil 
protease inhibitor, has been demonstrated with the 

inhibitory effect on migration of neutrophils and 
reductive effect on neutrophil-related tissue damages 
in a NMO model of mouse.[47] The authors further 
observed that neutrophils enter the CNS within 24 h 
after onset,[47] suggesting that Sivelestat may be effective 
in the treatment of acute NMO.

Eosinophils infiltration into the demyelinating lesions is 
another pathological hallmark of NMO.[48] Degranulation 
of mouse bone marrow-derived eosinophils significantly 
enhanced the AQP4-IgG-mediated ADCC and CDC effect 
in cultured spinal cord slices, indicating eosinophils 
granules are involved in the pathogenic process of 
NMO.[48] In the same study, cetirizine, the second 
generation of antihistamine, reduces tissue damage in a 
NMO model of mouse, which may be another option to 
control NMO.[48]

CONCLUSION

Corticosteroids, azathioprine, mycophenolate mofetil 
and rituximab are still the first-line therapy for 
NMO. With the dramatically increasing knowledge 
of NMO, a variety of novel therapies are under test 
and development, including complement-targeted 
therapy, IL-6 targeted therapy, restoring the stability 
of BBB and granulocytes inhibition, etc. The ultimate 
goal of NMO therapeutics is to develop a highly 
selective, low side effect therapy. This is challenging 
since clinical experience of treating NMO, a rare 
disease, is limited. So multiple-center, large-scale 
randomized controlled trials for treatment-naïve 
patients are needed to review the efficacy of these 
therapeutic approaches.
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