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Abstract: Neuromyelitis optic spectrum disorder (NMOSD) is a rare autoimmune disease
characterized by recurrent episodes and severe debilitation. It primarily involves the central
nervous system and is associated with the presence of aquaporin-4 antibodies. Effective
management of NMOSD necessitates long-term therapeutic strategies that focus on
alleviating symptoms during acute episodes and preventing relapse. In recent years, the
approval of emerging biologics targeting B cells, interleukin-6 receptors, and the complement
pathway has marked a transformative development in NMOSD treatment. This article provides
a comprehensive review of therapeutic advances in NMOSD, integrating the current literature
to serve as a theoretical basis for clinical decision-making of NMOSD patients.
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Introduction

Neuromyelitis optica spectrum disorder NMOSD)
is a rare autoimmune disease that primarily affects
the central nervous system (CNS), particularly tar-
geting the optic nerve and spinal cord, which often
results in vision loss and paralysis.! This disease,
characterized by its severity and high recurrence
rate, requires a thorough diagnostic approach
involving clinical assessment, imaging, and anti-
body testing. NMOSD can occur at any age but is
most common between 35 and 42years,>»> with a
significantly higher prevalence among females. Its
incidence varies across ethnic groups, with reported
rates ranging from 1 per 100,000 in Caucasians to
10 per 100,000 in African Americans.* Such differ-
ences in prevalence are due to genetic predisposi-
tion, environmental influences, and regional
variations in diagnostic practices.

In 2004, the discovery of pathogenic aquaporin-4
antibodies (AQP4-immunoglobulin G (IgQ))
constituted a major breakthrough in NMOSD.
Studies indicate that over 80% of NMOSD cases
test positive for AQP4-IgG.> In 2015, the
International Panel for NMO Diagnosis revised
the diagnostic criteria for NMOSD, emphasizing
changes in AQP4-IgG serostatus.® Advances in

detection methods, particularly the Cell-Based
Assay, recognized for its superior specificity and
sensitivity, have greatly improved diagnostic rate.”
Importantly, earlier data on AQP4-IgG-
seronegative NMOSD often included patients
with myelin oligodendrocyte glycoprotein-IgG.
Therefore, the incidence and prevalence of dou-
ble-negative NMOSD (DN NMOSD) remain
underexplored, with approximately 15%-27.9%
of patients categorized as double-negative.3-1!
Currently, there is no cure for NMOSD, and
treatment primarily aims to manage symptoms
during acute episodes and prevent relapses during
remission.!? Therapeutic agents such as eculi-
zumab, inebilizumab, satralizumab, and ravuli-
zumab, approved between 2019 and 2024, are
used to treat AQP4-IgG-seropositive NMOSD.
Additionally, rituximab (RTX) and other tradi-
tional immunosuppressive therapies (ISTs) are
also employed, although they are not formally
approved for NMOSD treatment.!3

This article provides a detailed review of the
pathogenesis, therapeutic advances in NMOSD.
The aim is to contribute to the optimization of
medication use and the development of effective
treatment strategies.
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Pathogenesis

The identification of AQP4-IgG has solidified
that NMOSD is primarily driven by humoral
immunity.'* AQP4-IgG primarily exerts its path-
ogenic effects by selectively targeting AQP4 in the
CNS.15 In patients with NMOSD, peripheral
AQP4-IgG levels are significantly higher than
those within the CNS. Although the exact origin
of AQP4-IgG remains unclear, it is thought to
involve immune tolerance defects and molecular
mimicry.!%17 Pathogenic AQP4-IgG, derived
from plasma cells in peripheral tissues, breaches
the weakened BBB to bind to AQP4 on astrocyte
surfaces. AQP4 exists in two forms, M1 and M23,
and AQP4-IgG binding to either form induces
antibody-dependent cell-mediated cytotoxicity,
leading to astrocyte destruction through the
release of cytotoxic substances.!® Furthermore,
AQP4-IgG binding triggers the activation of the
classical complement pathway, resulting in C5
protein cleavage and the formation of the mem-
brane attack complex, which inflicts additional
damage on astrocytes. This cascade, involving
complement activation and inflammatory cell
recruitment, releases inflammatory mediators
such as cytokines and oxygen-free radicals, caus-
ing demyelination and glial cell damage. AQP4-
IgG also reduces EAAT?2 expression on astrocyte
surfaces, which lead to increased extracellular
glutamate levels and heightens glutaminergic tox-
icity, further damaging neurons and glial cells.19:20
Interleukin-6 (IL-6) promotes glial cell damage
by stimulating B cells to differentiate into plasma
cells, which produce pathogenic AQP4-IgG. This
activity enhances BBB permeability and supports
the differentiation and activation of pro-inflam-
matory T lymphocytes.?2! We illustrate the bio-
logical treatment targets for NMOSD in Figure 1
(by Figdraw).

Treatment

Symptom management of acute episodes

Therapies for acute NMOSD are mainly based
on approaches used in managing multiple sclero-
sis  (MS). Intravenous methylprednisolone
(IVMP) is often the first-line treatment, with a
complete remission rate ranging from 17% to
72%.%2-24 However, some patients do not respond
to IVMP. In such cases, apheresis therapies,
including plasma exchange (PE) and immunoad-
sorption (IA), are often employed as second-line
treatments.?> Despite the fact that their efficacy

has not been proven by randomized controlled
trials (RCTs). The choice of apheresis therapy is
guided by existing evidence, clinicians’ expertise,
availability, and cost considerations. The optimal
timing for initiating PE or IA remains uncertain,
but the interval between attack onset and therapy
initiation is critical. While therapeutic responses
may occur up to 3months following a relapse,
data indicate that the proportion of patients in
complete remission decreased stepwise with the
later initiation of apheresis therapy. Early inter-
vention, particularly within the first 2 days, is crit-
ical to achieving optimal recovery.2¢ Intravenous
immunoglobulin (IVIG) is another second-line
therapies for NMOSD attacks, although it is less
frequently used than apheresis. The efficacy of
IVIG as salvage therapy following IVMP has been
debated, with mixed results from small-sample
studies.?728 We summarized the existing evidence
on second-line therapies for acute NMOSD
(Table 1). Additionally, we compiled information
on ongoing clinical trials of new therapies for
acute NMOSD and optic neuritis, registered up
to November 2024 (https://clinicaltrials.gov/;
Table 2).

Preventative therapy: monoclonal antibodies

B cell depletion: inebilizumab. Inebilizumab,
approved by the FDA in June 2020 for NMOSD,
is a humanized anti-CD19 monoclonal anti-
body.2? CD19 is expressed on a broad range of
cells, including pre-B cells, plasmablasts, plasma
cells, and other B cell subtypes. This broad target
range enables inebilizumab to more effective B
cells depletion.3° The N-MOmentum study eval-
uated the efficacy and safety of inebilizumab in
NMOSD.3! This trail included 230 NMOSD
patients aged 18 years or older, of whom 213 were
positive for serum AQP4-IgG. Participants were
randomized in 3:1 to either inebilizumab or pla-
cebo. Ultimately, it represents a 73% reduction in
relapse risk for inebilizumab-treated patients
compared to those receiving placebo (11% vs
42%). A post hoc analysis also indicated the long-
term efficacy of inebilizumab.32

Safety analyses from the N-MOmentum trial and its
open-label extension (OLE) demonstrated that ine-
bilizumab was well tolerated by adult NMOSD
patients.31:33 No treatment-related deaths occurred
during the study. While B cell depletion therapies
have been associated with an increased risk of cancer
and progressive multifocal leukoencephalopathy
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Figure 1. The biological treatment targets in NMOSD. Triggering factors activate peripheral immunity, leading
to the production of pathogenic AQP4-1gG, and the recruitment of inflammatory cells and cytokines. These
elements cross the impaired blood-brain barrier, entering the central nervous system to target neurons and

astrocytes. The resulting neuroinflammation and demyel

ination drive disease pathology. Various biologics,

acting through distinct mechanisms, are highlighted at their respective targets.

AQP4, aquaporin-4; IgG, immunoglobulin G; IL-6, interleukin-6;
optica spectrum disorders.

(PML), no cases of cancer or confirmed PML have
been reported in patients treated with inebilizumab
to date. Further real-world data are essential to bet-
ter assess and confirm the long-term safety profile of
inebilizumab.

B cell depletion: RTX. RTX is a chimeric mon-
oclonal antibody targeting CD20 positive B-cells,
initially developed for B-cell lymphomas.3* RTX
has been approved for NMOSD in Japan but
used off-label elsewhere. Several retrospective
studies demonstrated its effectiveness in reducing
relapse risk in NMOSD.3536 The RIN-1 study,
conducted in Japan between 2014 and 2017, was
a trial to evaluate the efficacy and safety of RTX
in NMOSD.3” Thirty-eight AQP4-IgG-seropos-
itive NMOSD patients aged 16-80years were
randomly assigned in 1:1 to the RTX group or
placebo group. Results revealed that at the pri-
mary endpoint, no patients in the RTX group

MAC, membrane attack complex; NMOSD, neuromyelitis

relapsed, while 37% (7/19) in the placebo group
did. Adverse events include infusion reactions,
nasopharyngitis, headaches, and so on, with most
being mild to moderate. Besides, the response of
patients to RTX can vary due to factors such as
the production of antidrug antibodies and poly-
morphisms in the FCGR3A gene encoding the
Fc receptor. Consequently, there is no standard
RTX dosage or timing regimen for NMOSD. The
manufacturer recommends dosing every 6 months
or adjusting based on monthly CD19/20 B cell
counts.?®

Complement inhibitor: eculizumab. Eculizumab is
the first biologic approved for AQP4-IgG-seroposi-
tive NMOSD. It inhibits the cleavage of comple-
ment protein C5 into pro-inflammatory components
C5a and C5b.3° The PREVENT study investigated
the efficacy and safety of eculizumab in
NMOSD.#0 Between 2014 and 2017, 143 adult

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 18

Table 1. Summary of published studies on second-line therapies for acute NMOSD.

PMID Author Country Therapies Median time, d Patients (N) Evaluation index
38850074 Siwach et al. India PE; IVIG PE: 2; IVIG: 5 43 EDSS; ADL; levels
of AQP4-1gG
33523317 Lin et al. China IVIG NA 59 AEDSS
32653803 Lietal. China IVIG 9 (IVIG alone) 191 EDSS
14 (IVIG + IVMP)
38790106 Xu et al. China PE/IA 17.5 90 EDSS; VA
29030418 Bonnan et al. France PE 7 60 EDSS; VA
25921047 Abboud et al. America PE NA 83 EDSS
27366234 Faissner et al. Germany A NA 10 VEPs; VA
33992860 Li et al. China PE; IVIG NA 61 3M-SI
30825049 Song et al. China PE NA 31 VF
30345331 Kleiter et al. Germany PE; IA PE: 1; IA: 1.5 (First line) 105 Complete
PE: 13; IA: 6 (second line) remission
36993936 Zhang et al. China PE NA 76 EDSS; VOS
34034213 Figueroa et al. Mexico PE 20.9 89 EDSS
33948520 Restrepo-Aristizabal Colombia PE 7 78 EDSS
et al.
29414283 Srisupa-0Olan et al. Thailand PE 13;12 52 EDSS; mRS
28427710 Aungsumart et al. Thailand PE " 24 EDSS
38280268 de Almeida et al. Brazil PE 25 68 Improvement scale
35353437 Gonzalez et al. Colombia PE 7 83 VOS

3M-SI, significant improvement evaluated 3 months after acute attack treatment; AEDSS, EDSS (treated) - EDSS (attacked); ADL, activities of daily
living; AQP4-1gG, aquaporin-4 antibodies; EDSS, expanded disability status scale; IA, immunoadsorption; IgG, immunoglobulin G; IVIG, intravenous
immunoglobulin; IVMP, intravenous methylprednisolone; mRS, modified Rankin Scale; NA, not applicable; NMOSD, neuromyelitis optica spectrum
disorders; PE, plasma exchanges; VA, visual acuity; VEP, visual-evoked potentials; VF, visual function; VOS, visual outcome scale.

AQP4-IgG-seropositive  NMOSD patients were
randomized in 2:1 to receive either eculizumab or
placebo. The study was terminated early due to the
pronounced efficacy of eculizumab. At week 91,
eculizumab reduced the risk of relapse by 94%
compared to placebo. The OLE study showed that
94.4% of patients with eculizumab remained
relapse-free.¥! Eculizumab was well tolerated, with
headache and upper respiratory tract infections as
the most common side effects. No meningococcal
infection was reported, as all participants received
vaccinated against meningococcal disease prior to

initiating eculizumab. Recently, Ringelstein et al.4?
has again highlighted the ongoing safety concerns of
eculizumab treatment. They reported that 7 of 52
eculizumab-treated patients, experienced postvac-
cination attacks prior to start of eculizumab. One
patient died of meningococcal sepsis despite vacci-
nation. This highlights that vaccination may not
fully mitigate the risk of infections, and there is also
a risk of postvaccination relapses. Therefore, it is
important to increase infection surveillance during
treatment and to remain vigilant for the risk of
relapse following vaccination. Additional testing of
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Table 2. Summary of studies on new therapies for acute NMOSD.

Diagnosis Therapies Country ID Status
NMOQOSD Inebilizumab China NCT05891379 Uncompleted
NMOSD Efgartigimod China NCT06497374 Uncompleted
NMOQOSD Efgartigimod China NCT06118398 Uncompleted
ON Efgartigimod America NCT06453694 Uncompleted
NMOQOSD Eculizumab China NCT06673394 Uncompleted
ON 0CS-05 France NCT04762017 Uncompleted
NMOQOSD Bevacizumab America NCTO01777412 Completed
NMOQOSD Ublituximab America NCT02276963 Completed
NMOSD HBM9161 China NCT04227470 Completed

NMOSD, neuromyelitis optica spectrum disorders; ON, optic neuritis.

vaccine response, such as the Serum Bactericidal
Assay, may be also helpful in minimizing the risk of
meningococcal infection in selected patients.*3

Complement inhibitor: ravulizumab. Ravuli-
zumab, a long-acting complement C5 inhibitor,
has been approved for AQP4-IgG-seropositive
NMOSD by the FDA. Using recycling anti-
body technology, ravulizumab extends its half-
life, allowing for an 8-week maintenance dosing
schedule compared to eculizumab.4*The CHAM-
PION-NMOSD study evaluated the efficacy and
safety of ravulizumab in NMOSD.% The study
enrolled 58 patients who received weight-based
doses of ravulizumab. At the primary endpoint,
no participants experienced relapse, representing
a 98.6% reduction in relapse risk compared to
the placebo group. Safety analysis indicated that
adverse events associated with ravulizumab were
comparable to those observed with eculizumab.
No deaths occurred and most adverse events
were mild to moderate. Despite being vaccinated
against meningococcal disease at least 2weeks
before the trial, two participants contracted
meningococcal infections during the study. This
suggests a potential high risk of infection despite
vaccination. Future studies, evaluating the effec-
tiveness of meningococcal vaccines given during
or after immunotherapy, are needed to minimize
this risk.#3 In addition, given the lower dosing fre-
quency, ravulizumab may become the preferred
choice over eculizumab if future studies support
its long-term efficacy and safety.

IL-6R inhibitor: satralizumab. Satralizumab, a
humanized IgGG2 monoclonal antibody, inhibits
the IL-6 inflammatory pathway by targeting
membrane-bound and soluble IL-6R.%0 Two key
phase III RCTs, SAkura-Sky and SAkura-Star,
evaluated the efficacy and safety of satrali-
zumab.4748 The SAkura-Sky trail included 83
NMOSD patients aged 12-74, randomly assigned
in 1:1 to the satralizumab or placebo group. At
the primary endpoint, satralizumab demonstrated
a 79% reduction in relapse risk compared to pla-
cebo (11% vs 43%). The SAkura-Star trail
enrolled 95 NMOSD patients aged 18-74. Par-
ticipants were randomly assigned in 2:1 to receive
satralizumab or placebo. At the primary endpoint,
22% (9/41) in the satralizumab group relapsed,
compared to 57% (13/23) in the placebo group. A
recent Japanese study involving 131 NMOSD
patients treated with satralizumab for an average
of 197 days reported that 95.4% of participants
remained relapse-free.*® Long-term efficacy data
from the OLE phases of these trials have been
published.?® A total of 111 AQP4-IgG-seroposi-
tive NMOSD patients received extended satrali-
zumab treatment, including 49 from SAkura-Sky
and 62 from SAkura-Star. During follow-up, 24%
(12 patients) in SAkura-Sky and 27% (17
patients) in SAkura-Star experienced relapses.
Additionally, 90% participants in SAkura-Sky
and 86% in SAkura-Star maintained stable
Expanded Disability Status Scale scores. No seri-
ous adverse events or deaths were reported, with
the most frequent adverse events being urinary
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and upper respiratory tract infections. Long-term
safety data confirm that satralizumab is well toler-
ated in NMOSD.

IL-6R  inhibitor:  tocilizumab. Tocilizumab,
a humanized monoclonal antibody targeting
IL-6R, is commonly used for rheumatoid arthri-
tis and has shown efficacy in treating refractory
NMOSD.51:52 The TANGO study provides evi-
dence supporting tocilizumab’s efficacy and
safety in NMOSD.?3 The study enrolled 118
adult NMOSD patients, randomly assigned in
1:1 to tocilizumab or azathioprine (AZA). At the
primary endpoint, the tocilizumab group showed
a 76% reduction in relapse risk compared to AZA
group (14% vs 47%). Adverse events were similar
in both groups and were generally mild. Although
both satralizumab and tocilizumab are IL-6R
inhibitors, satralizumab has a longer half-life due
to pH-dependent antibody recycling technology.

Preventative therapy: oral

immunosuppressants

Oral immunosuppressants such as mycopheno-
late mofetii (MMF), AZA, and tacrolimus are
used off-label for NMOSD, particularly in regions
with limited economic resources or unavailable
biologics. Retrospective data showed that ISTs
reduce the relapse risk in NMOSD, with MMF
demonstrating greater efficacy compared to other
oral drugs.3%:5455 However, tolerability and safety
concerns main key factors limiting the frequency
of oral immunosuppressants.

Comparison of therapies in NMOSD

Currently, no head-to-head RCTs directly com-
pare the efficacy and safety of biologics for
NMOSD, particularly among those with similar
mechanisms of action. Nevertheless, indirect
comparisons and network meta-analyses provide
useful insights. A network meta-analysis found
that inebilizumab and satralizumab were less
effective than eculizumab in reducing relapse
risk.>¢ A model-based meta-analysis compared
the long-term efficacy of five monoclonal anti-
bodies (eculizumab, inebilizumab, satralizumab,
RTX, and tocilizumab) with two ISTs (AZA and
MMPF). The findings showed that monoclonal
antibodies, particularly eculizumab, were more
effective than ISTs in delaying recurrence.?’
While literature-based comparative studies lack

the robustness of direct RCT evidence, they
remain valuable in guiding clinicians to tailor
treatment plans based on individual needs. Table
3 summarizes RCTs conducted on six biologics
for NMOSD.

Drug selection, conversion, and discontinuation

in AQP4-1gG-seropositive NMOSD

In 2023, the Neuromyelitis Optica Study Group
updated management guidelines for NMOSD.!3
Biologics are recommended as the first choice for
AQP4-IgG-positive NMOSD patients, preferred
over ISTs. Patients may start eculizumab, inebili-
zumab, ravulizumab, or satralizumab at diagno-
sis, after the first attack, or following failure of
prior treatments. Satralizumab is the preferred
option for adolescents aged 12 and older.5®
Current evidence does not indicate any benefit of
combination therapies over biologic monotherapy
for NMOSD. The dosage of ISTs should be
tapered gradually based on the response to bio-
logics, although standardized protocols for taper-
ing remain unavailable. A study demonstrated
that reducing steroids from 11.7 to 4.6 mg/day is
feasible for patients receiving satralizumab com-
bination therapies.#® While this finding highlights
the potential for minimizing steroid exposure in
NMOSD patients treated with biologics, it is
important to note that steroid tapering must be
individualized and guided by careful monitoring
of disease activity and treatment response.

Drug conversion is a common challenge in
NMOSD, particularly for patients who respond
poorly to previous maintenance therapy. For
those with treatment failures, new biologics with
distinct mechanisms of action can be started
immediately after discontinuing prior therapies.
However, patients who remain relapse-free and
tolerate off-label medications such as AZA,
MMF, RTX, or tocilizumab, may not require a
transition to new therapies.!3-58

An additional critical issue is determining whether
and when to discontinue maintenance therapy.
Unlike MS, disease activity in NMOSD does not
decline with age, 25% of patients over the age of
50 continue to exhibit disease activity.’® Several
studies emphasize that even during prolonged
periods of inactivity, discontinuing ISTs carries a
substantial risk of relapse or antibody reactiva-
tion.%® Based on current evidence, discontinuing
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therapy is generally not recommended, even for
patients who have achieved AQP4-IgG-
seronegative, due to the persistent risk of relapse.

Preventative therapy: AQP4-1gG-seronegative
NMOSD

Currently, no drugs are approved for DN
NMOSD, which differs immunologically and
pathologically from seropositive cases. For DN
NMOSD patients, maintenance therapy may be
initiated following the first severe attack or after a
second relapse.!? Recommended therapies include
traditional immunosuppressants such as AZA,
MMF, or RTX. For patients who continue to
experience relapses despite maintenance therapy,
combination therapy, or switching to tocilizumab
may be considered. Previous evidence indicates
that RTX and tocilizumab may be effective against
DN NMOSD, though this is still debated.61-62

Other potential therapies

New potential therapies including efgartigimod,
chimeric antigen receptor T-cell (CAR-T) ther-
apy, zanubrutinib, BAT4406F, and stem cell
therapy are currently under ongoing (https://clini-
caltrials.gov/; Tables 2 and 4).

Efgartigimod is a novel human IgG1 antibody Fc
fragment that binds to the neonatal Fc receptor
(FcRn), reducing pathogenic IgG antibodies and
blocking their recycling. Two cases suggest that
efgartigimod is effective as a rescue therapy for
AQP4-IgG-seropositive  NMOSD  attacks.63:64
Currently, three clinical studies are recruiting
participants to explore its efficacy.

CAR-T therapy is a transformative cell-based
treatment. By genetically modifying the surface
receptors of T cells, CAR-T cells can provide
long-term B cell depletion. Qin et al.% were the
first to report the successful use of CAR-T ther-
apy in NMOSD. Currently, several preliminary
studies are evaluating the safety and feasibility of
CAR-T therapy for NMOSD.

Telitacicept is a novel fusion protein targeting B
lymphocyte stimulator (BLyS) and a prolifera-
tion-inducing ligand (APRIL), thereby prevent-
ing their interaction with B cell ligands.®® Ding
et al.%?7 reported the experience of successful

treatment of NMOSD with telitacicept, despite
their study included only eight NMOSD patients.
A phase III trial investigating the efficacy and
safety of telitacicept in NMOSD is ongoing.

Daratumumab, a CD38-directed monoclonal
antibody, has demonstrated the ability to reduce
autoantibody levels in conditions such as lupus,
MG, and autoimmune encephalitis.®® A study
evaluating the efficacy of daratumumab in
NMOSD is ongoing.

Zanubrutinib, a Bruton’s tyrosine kinase (BTK)
inhibitor, has shown potential in NMOSD treat-
ment. Liu et al.® reported that upregulated BTK
expression in the blood and CSF of NMOSD
patients, and that zanubrutinib improved demy-
elination, edema, and axonal injury in mouse
models of NMO. A study evaluating the efficacy
and safety of zanubrutinib in NMOSD patients is
currently recruiting participants.

BAT4406F is a glycosylated, optimized IgGl
subclass recombinant anti-CD20 fully human
monoclonal antibody.’”” A phase I trial of
BAT4406F for NMOSD has been completed,”!
and a phase II/III clinical trial is underway.

Stem cell therapy, traditionally employed to treat
hematological malignancies, is gaining recognition
for its potential in neuroimmune diseases. Burt
et al.”2 reported that among 12 NMOSD patients
who underwent stem cell transplantation, only 2
experienced relapses within 5years. Stem cell
therapy is emerging as a promising treatment,
with several clinical studies currently in progress.

Ofatumumab, approved for relapsing-remitting
MS in adults, has not been validated for NMOSD
through RCTs, with evidence limited to case
reports.”’>7¢  Similarly, ocrelizumab, another
CD20-targeting biologic, achieves B cell deple-
tion levels comparable to RTX. Although not
specifically tested in NMOSD, its theoretical
potential warrants further investigation.”

In addition to the therapies mentioned above,
studies investigating novel anti-CD20 monoclo-
nal antibodies, including B001, MIL62, and
IMC-002, are also recruiting participants with
AQP4-IgG-seropositive NMOSD (https://clini-
caltrials.gov/; Table 4).
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Table 4. Summary of ongoing studies on new or potential therapies in NMOSD remission.

Therapies ClinicalTrials.gov ID Target Mechanism of action

Inebilizumab NCT06212245 CD19 B-cell depletion

Inebilizumab NCT06180278 CD19 B-cell depletion

Inebilizumab NCT06068829 CD19 B-cell depletion

Ofatumumab NCT05504694 CD20 B-cell depletion

Daratumumab NCT05403138 CD38 Reduction of IgG production

CAR-T NCT06249438 CD20 Genetically engineered T cells to
recognize and kill cells expressing
specific target antigens

CAR-T NCT06279923 CD19

CAR-T NCT04561557 BCMA

CAR-T NCT05828212 CD19

CAR-T NCT06633042 CD19

Telitacicept NCTO03330418 BLyS, APRIL Inhibition of BLyS and APRIL

Zanubrutinib NCT05356858 BTK B-cell and microglia inactivation

IMC-002 NCTO06557174 CD20, CD47 B-cell depletion

B0O1 NCT06413654 CD20 B-cell inactivation/depletion

B0O1 NCT05145361 CD20 B-cell inactivation/depletion

BAT4406F NCT06044350 CD20 B-cell depletion

MIL62 NCT05314010 CD20 B-cell depletion

APRIL, a proliferation-inducing ligand; BCMA, B-cell maturation antigen; BLyS, B lymphocyte stimulator; BTK, Bruton's
tyrosine kinase; CAR-T, chimeric antigen receptor T-cell; NMOSD, neuromyelitis optica spectrum disorders.

Summary and future directions

In recent years, advancements in understanding
NMOSD pathogenesis have led to the develop-
ment of emerging therapies that significantly
improve patient outcomes. Despite these
advances, several challenges remain. Long-term
real-world data on the efficacy and safety of newly
approved biologics are still lacking. Additionally,
some refractory NMOSD patients continue to
experience relapses even after switching to biolog-
ics with different mechanisms of action. The opti-
mal therapeutic approaches for DN NMOSD
patients remain unclear. Furthermore, the role of
serum AQP4-IgG titers in predicting disease
prognosis and recurrence is still debated. Future
research may benefit from international, multi-
center, and prospective study designs to provide
more comprehensive evidence. We anticipate

new therapies targeting other immune pathways,
offering additional options to minimize perma-
nent disability caused by NMOSD relapses.
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