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Introduction: Neuromyelitis optica spectrum disorders (NMOSD) are rare neuroinflamma-
tory demyelinating diseases of the CNS, mainly affecting optic nerves, spinal cord and 
brainstem regions. The diagnosis depends on clinical symptoms, MRI findings and the 
detection of autoantibodies against the water channel aquaporin 4 (AQP4-Ab). This autoanti-
body is particularly important for diagnostic sensitivity and specificity and further sets the 
course for major therapeutic decisions. Due to a relapsing course with the accumulation of 
disability, relapse prevention by immunotherapy is crucial in NMOSD. Until recently, 
disease-modifying agents specific to NMOSD were not available, and patients were treated 
with various immunosuppressive drugs and regimens - with variable success. Fortunately, 
since 2019, three new therapeutic antibodies have entered the market.
Areas Covered: We aim to shortly summarise the pathogenesis and biological targets for 
acute and preventive therapy of adult NMOSD. We will focus on conventional immunothera-
pies and the recently approved novel biological drugs satralizumab, eculizumab and inebi-
lizumab, and conclude with a brief outlook on future therapeutic approaches.
Expert Opinion: Although satralizumab, eculizumab and inebilizumab are a breakthrough 
concerning short-term efficacy, important questions on their future use remain open. There is 
no data from head-to-head comparisons, and data on long-term safety and efficacy of the new 
medicines are pending. Whether any of the biologics are efficacious in AQP4-Ab negative 
NMOSD patients is not yet known – as is how they will succeed in non-responders to 
conventional immunotherapies. Further, (autoimmune) comorbidities, affordability, and mar-
ket availability of drugs may be decisive factors for choosing treatments in the near future. 
We are fortunate to have these new drugs available now, but they will not immediately 
supersede established off-label drugs in this indication. It is still too early to definitively 
revise the treatment algorithms for NMOSD - although we are probably on the way.
Keywords: NMO, NMOSD, AQP4, MOG, monoclonal antibody

Introduction
Neuromyelitis optica spectrum disorders (NMOSD) are rare demyelinating diseases 
of the CNS, affecting 0.52–10/100,000 persons worldwide.1 Female gender, age 
over 35 years and Asian or African descent constitute risk factors for NMOSD.2 

Most NMOSD patients show a relapsing course, and full recovery from relapses is 
less likely than in multiple sclerosis (MS).3,4 Thus, accrual of disability is generally 
relapse-dependent, and attack-prevention with immunomodulatory drugs is cur-
rently considered the best available treatment in NMOSD.5,6 However, the response 
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to conventional immunosuppressive therapy (IST) is vari-
able, and there is a strong medical need for new therapeu-
tic options or regimens. Fortunately, since NMOSD is 
a rare disease, drug development may benefit from an 
orphan drug designation, and NMOSD is increasingly 
recognised by drug companies as an emerging market.

The Classification of NMOSD
The concept of a “Neuromyelitis optica spectrum” was initi-
ally suggested by Wingerchuk et al in 2007 to account for 
the clinical manifestations beyond optic neuritis or myelitis 
known from classical Devic disease.7 This definition origi-
nated after the discovery of the aquaporin 4 autoantibody 
(AQP4-Ab), which allowed the description of NMO spec-
trum manifestations that formerly remained unrecognised.

Currently, NMOSD can be categorised into two patho-
physiological entities depending on the presence or absence 
of AQP4-Ab. In approx. 80% of cases, AQP4-Ab can be 
detected, which cause a primarily astrocytopathic disease.8,9 

Interestingly, in about 50% of the AQP4-Ab seronegative 
NMOSD patients autoantibodies against myelin- 
oligodendrocyte-glycoprotein (MOG-Ab) can be seen, 
whose pathomorphological correlate is primarily 
oligodendrocytopathic.10–12 Here, NMOSD overlaps with 
the spectrum of MOG-AD (MOG Antibody disease).13,14 

Lastly, double-negative NMOSD cases remain, and whether 
these are driven by as yet unknown autoantibodies or are 
rather MS variants is an open question. Irrespective of the 
primary target, inflammatory damage of axons and myelin 
are the consequence, which determines the clinical pheno-
type with opticospinal cerebral lesions.3,12,15,16

The term “Neuromyelitis optica spectrum disorders 
(NMOSD)” was coined by the International Panel for 
NMO Diagnosis (IPND), which convened in 2015 to con-
sent on new diagnostic criteria. To date, NMOSD is diag-
nosed using these IPND diagnostic criteria, which 
differentiate into AQP4-Ab positive or negative cases.17 

A separate diagnostic category for MOG-Ab positive 
NMOSD is as yet missing. At least, this argues for sticking 
to the term “Neuromyelitis optica spectrum disorders” 
rather than lumping all variants into a “Neuromyelitis 
optica spectrum disorder”.

Pathophysiology of AQP4-Ab Positive 
NMOSD
Central and peripheral tolerance defects of the innate 
immune system lead to the development of autoreactive 

CD20-positive B-Lymphocytes.18–20 The differentiation of 
lymphocytes and maintenance of antibody production by 
CD19-CD27-CD138 positive-plasmablasts are triggered 
by interleukin-6 (IL-6). Both aspects determine the impor-
tance of IL-6 as a marker for NMOSD disease 
severity.21,22 Next to these humoral immune system pro-
cesses, cellular immune responses aggravate inflammation. 
Migration of antibodies from the periphery into the CNS 
and binding to their epitope activates the complement 
cascade and effector cells.23,24 Complement-dependent 
cytotoxicity (CDC) and complement-dependent cellular 
cytotoxicity (CDCC) cause necrotic lesions with comple-
ment deposition and infiltration of neutrophils. The latter 
is preceded by antibody-driven cellular toxicity (ADCC) 
due to binding of AQP4-Ab to its target.3 The lack of co- 
expressed complement regulator proteins such as CD59 in 
the brain is assumed to be the reason for the preferential 
auto-inflammatory response to antibody binding within the 
CNS.3,25 Aggregation and internalisation of AQP4 and its 
accompanied glutamate transporter (excitatory amino acid 
transporter 2 (EAAT2)) creates an inflammatory milieu 
due to glutamate-dependent cytotoxicity by extracellular 
accumulation.26,27 Thus, complement and antibody- 
mediated cellular toxicity drive progressive destruction of 
astrocytes and disrupt the blood-brain barrier with conse-
cutive parenchymal and vascular damage to the brain (see 
Figure 1).3,16,24,27

Therapy of Acute Attacks
Accumulation of physical impairment in NMOSD is 
relapse-dependent.28,29 For this reason, acute relapse ther-
apy is crucial to minimise residual deficits. As in multiple 
sclerosis, high-dose intravenous (i.v.) methylprednisolone 
(1g/d for five days) is the accepted standard therapy. 
Retrospective data from cohort studies indicate that early 
initiation of treatment seems to be associated with a better 
clinical outcome.28,30,31 A small retrospective study on 27 
patients showed that the outcome in patients suffering 
from optic neuritis was likely to be better when relapse 
therapy was initiated within four days after onset of 
symptoms - regardless of antibody serostatus.32 Atrophy 
of the retinal ganglion layer within a few days after 
relapse was observed as the pathophysiological 
correlate.32 For relapses refractory to steroids, escalated 
therapy with plasma separation/immunoadsorption is war-
ranted. For patients refractory to steroids in previous 
relapses, apheresis techniques may even be used as first- 
line therapy.28,30
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Figure 1 Drugs for relapse prevention in NMOSD. Approved therapeutic agents (filled rectangles) and agents under clinical evaluation or development (framed rectangles) 
and their pharmacological targets. Colour of rectangles represents epitopes. Reprinted by permission from Springer Nature Customer Service Centre GmbH: Springer 
Nature, Nature Reviews Neurology. Papadopoulos MC, Bennett JL, Verkman AS. Treatment of neuromyelitis optica: state-of-the-art and emerging therapies., COPYRIGHT 
2014.24 

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; AQP4-Ab, aquaporin 4 antibody; BBB, blood-brain barrier; CDC, complement-dependent cytotoxicity; 
CDCC, complement-dependent cellular cytotoxicity.
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Prevention of Relapses
Traditional Disease-Modifying Drugs
Predominantly retrospective studies or uncontrolled case 
series published before 2019 led to the recommendation of 
azathioprine (AZA), mycophenolate mofetil (MMF) or 
Rituximab (RTX) as effective first-line agents. All of 
these drugs lead to a reduction of relapse rates and may 
stabilise or even improve neurological disability (reflected 
by the Expanded Disability Status Scale (EDSS)).33–40 

Low-dose corticosteroids have not been systematically 
studied. Nevertheless, they are frequently used, either as 
maintenance therapy, mono41 or add-on to conventional 
immunosuppressants, or very slowly tapered after 
a relapse has occurred.

RTX is a chimeric monoclonal CD 20 antibody indu-
cing B-cell depletion. The clinical efficacy of RTX has 
recently been replicated in prospective cohorts, most inter-
estingly not only in AQP4-Ab positive patients but also in 
AQP4-Ab negative patients.42–44 Moreover, in AQP4-Ab 
positive patients, there is no clear association between the 
clinical efficacy of RTX and AQP4-Ab levels.33

Compared to RTX, the immunomodulatory effects of 
AZA and MMF are conveyed by rather unselective sup-
pression of fast-dividing immune cells. The efficacy of 
AZA and MMF has been shown repeatedly in retrospec-
tive studies, reducing the annualised relapse rate (ARR) to 
a variable extent in each study.34,35,37,38,45 In 2018, Yang 
et al prospectively compared efficacy and safety of RTX, 
AZA and MMF: RTX and MMF were reported to be 
superior to AZA in terms of efficacy and safety profile.46 

Adverse events occur mainly under therapy with 
AZA.43,46

In line with this, Mealy et al revealed the superiority of 
RTX over MMF or AZA when retrospectively analysing 
a cohort of 90 NMOSD patients. Moreover, the study 
exemplifies two current clinical problems: firstly, AQP4- 
Ab negative patients are more likely to be treated with 
AZA or MMF than with RTX.47 This may reflect some 
sort of a “cautionary rule” concerning the use of highly 
potent and selective B-cell depleting agents in AQP4-Ab 
negative NMOSD patients. However, the AQP4-Ab seros-
tatus per se did not predict the treatment efficacy of con-
ventional disease-modifying drugs in another cohort 
study.48

Secondly, when relapses continue to occur under one of 
these drugs, the success of switching to another drug is 
somewhat unpredictable – both unexpectedly, switching 

from AZA/MMF to RTX may fail as switching from RTX 
to AZA may be successful.47 To this end, unfortunately, 
studies comparing treatment sequences are entirely missing.

Another therapeutic antibody which is re-purposed as 
rescue therapy in NMOSD is tocilizumab. Tocilizumab is 
a humanised monoclonal antibody which binds to the 
interleukin-6 receptor (IL6-R) and blocks IL6 signalling. 
Tocilizumab is administered intravenously (i.v.) or subcu-
taneously (s.c.) as monotherapy or as an add-on. 
Retrospective case series have shown a reduction in 
relapse rate and disability, also in highly active 
NMOSD.49–51

RCTs Evaluating Traditional Biologics
A first randomised controlled clinical trial was published 
in 2017 by Nikoo et al (see Table 1), which was open- 
label.43 Comparing treatment with either RTX or AZA 
revealed a significant reduction of the ARR in both groups 
compared to baseline, but RTX was more effective than 
AZA. 78% of participants allocated to RTX, and 54.3% of 
patients receiving AZA became relapse-free. Notably, only 
approx. 50% of patients were AQP4-Ab positive.

In 2020 two additional clinical trials on classical bio-
logics were published, RIN-1 and TANGO (see Table 1).

Rituximab: RIN-1 Trial
Although RTX is a well-established first-line treatment, it 
is still an off-label use in this indication, and reimburse-
ment often remains a challenging issue. For this reason, in 
many countries RTX is not available for treating NMOSD 
patients in a routine setting. In Japan, this led to the RIN-1 
study, which was the first multicenter randomised double- 
blind placebo-controlled Phase III time-to-event clinical 
trial on RTX in NMOSD.52

38 AQP4-Ab positive patients with an EDSS of 7.0 or 
less were randomised 1:1 to receive either rituximab i.v. 
(375 mg/m2 body surface each week 1 to 4, then 1000 mg 
i.v. at week 24, 26, 48 and 50) or matching placebo and 
concomitant oral prednisolone, which was tapered over the 
study’s duration of 72 weeks. A historical AQP4-Ab find-
ing was sufficient; 11 out of 38 patients were AQP4-Ab 
negative at inclusion. No other immunosuppressants were 
allowed.

Efficacy of Rituximab: Primary and Secondary Endpoints 
The primary endpoint was set as the time to first relapse. 
Seven out of 19 patients (37%) treated with placebo 
relapsed vs none (0 out of 19) on RTX. Regarding 
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secondary endpoints, changes in EDSS and the degree of 
oral steroid reduction was not significantly different 
between both groups. There were no unexpected safety 
issues.

Notably, the positive results of the RIN-1 study may 
lead to a conditional approval of RTX for the treatment of 
NMOSD in Japan.

Tocilizumab: TANGO Trial
The TANGO trial was an open-label, multicenter, rando-
mised Phase II clinical trial conducted in China.53 118 
patients suffering from an AQP4-Ab seropositive 
(n=103) or negative (n=15) NMOSD with an EDSS of 
7.5 or less were randomised 1:1 to receive either tocilizu-
mab 8mg/kg i.v. every four weeks or AZA 2–3mg/kg p.o. 
per day. Concomitant IST to AZA was permitted up to 24 
weeks after study initiation. The primary endpoint was the 
time to first relapse, and patients were treated at least 60 
weeks. The primary endpoint was the time to first relapse, 
and patients were treated at least 60 weeks.

Efficacy of Tocilizumab: Primary and Secondary Endpoints 
Patients allocated to tocilizumab showed a significantly 
lower risk of relapse: 14% (8 of 59) of patients receiving 
tocilizumab vs 47% (28 of 59) allocated to AZA suffered 
a relapse (hazard ratio 0.236, 95% confidence interval 
0.107 to 0.518), and the median time to relapse was 
significantly longer in the tocilizumab group (67.2 
weeks vs 38 weeks). A subgroup analysis revealed that 
tocilizumab worked both in patients with and without 
concomitant autoimmune diseases (e.g. Sjögren’s syn-
drome, rheumatoid arthritis). Three patients were tested 
positive for MOG-Ab (one received tocilizumab, two 
placebo). Of those, one placebo-treated patient relapsed. 
Concerning secondary endpoints, a significant reduction 
of AQP4-Ab titers in 50% of patients treated with toci-
lizumab was reported, whereas treatment with AZA did 
not show any effect. The rate of confirmed disease pro-
gression at 12 and 24 weeks (increase in EDSS score of 
at least 1.0 from baseline) was significantly different 
between both groups.

Safety of Tocilizumab 
The incidence of total adverse events was similar in both 
groups. However, treatment-related adverse events 
occurred in 61% of patients receiving tocilizumab com-
pared to 83% of patients with AZA. Three people died, 

two of them receiving tocilizumab. The authors declared 
that none of the deaths were treatment-related.

Novel Biologics
Recently, the FDA approved three monoclonal antibodies 
for the treatment of AQP4-Ab positive NMOSD, namely 
eculizumab (Soliris®, in June 2019), inebilizumab 
(Uplizna®, in June 2020) and satralizumab (Enspryng®, 
in August 2020). Eculizumab was also approved in 
Australia, Canada, Europe, Japan and Switzerland, and 
satralizumab in Canada, Switzerland and Japan. For inebi-
lizumab, approval in other countries is still pending.

These three new drugs all utilise a unique mode of 
action: satralizumab inhibits interleukin-6 signalling, ecu-
lizumab targets the terminal complement system, and ine-
bilizumab depletes CD19 positive B-cells.

Interleukin-6 Inhibition
IL6 is known to promote differentiation of lymphocytes 
with a predominance of TH17-cells. IL6-dependent main-
tenance of AQP4-Ab production by plasmablasts and 
a proinflammatory milieu increase blood-brain barrier per-
meability with infiltration of proinflammatory cytokines 
and antibodies into the CNS. In NMOSD, CSF IL6- 
levels are higher in relapse than in remission, and IL6- 
levels during relapse correlate with serum AQP4-Ab titers. 
Thus, IL-6 is considered a marker of disease activity.54–56

Satralizumab is a s.c. administered monoclonal IgG2 
antibody, which binds membrane-bound or soluble inter-
leukin 6-Receptor (IL6-R) (see Table 2). Thereby, it inhi-
bits IL6 signal transduction. Compared to its predecessor 
tocilizumab, pharmacokinetics have been further opti-
mised by enhanced “Ab-recycling”: After ph-dependent 
dissociation of the satralizumab-IL6-R complex within 
the endosome, satralizumab is recycled to bind IL6-R 
again.57,58 This allows extending the interval of re-dosing.

Satralizumab: SAkuraSky Trial
A phase III clinical trial SAkuraSky (see Table 1) evalu-
ated the efficacy and safety of satralizumab when added to 
baseline immunosuppressants in NMOSD patients.59 83 
patients with stable doses of either AZA, MMF or oral 
glucocorticoids were 1:1 randomised to receive add-on 
satralizumab or placebo. 55 AQP4-Ab positive and 28 
AQP4-Ab negative patients were enrolled (see Table 1). 
As a time-to-event trial, the primary endpoint was the time 
to the first adjudicated relapse. The core study ended after 
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26 protocol-defined relapses had occurred, and participants 
were eligible to enter an open-label extension.

Efficacy of Satralizumab as Add-on Therapy: Primary and 
Secondary Endpoints 
The study met its primary endpoint: 20% of patients treated 
with satralizumab vs 43% of patients receiving placebo had 
a protocol-defined relapse (hazard ratio 0.38, 95% confidence 
interval 0.16 to 0.88) and a significantly longer time to 
relapse. However, in AQP4-Ab negative patients, time to 
relapse and number of relapses (hazard ratio 0.66, 95% con-
fidence interval 0.20 to 2.24) were not significantly different.

Regarding the main secondary endpoints, no significant 
between-group differences in pain and fatigue scores were 
observed. Changes in the EDSS at 24 weeks were not 
significantly different, too.

Safety of Satralizumab as an Add-on Therapy 
The frequency of adverse events or severe adverse advents 
was similar in both groups. There were no deaths and no 
anaphylactic reactions in both groups.

Satralizumab: SAkuraStar Trial
SAkuraStar was a phase III double-blind, placebo- 
controlled trial comparing satralizumab monotherapy vs 
placebo (see Table 1).58 The study enrolled NMOSD 
patients with or without AQP4-Ab (64 vs 31) and an 
EDSS of 6.5 or less in 13 countries. Patients were rando-
mised 2:1. The primary endpoint was the time to relapse. 
The double-blind phase was planned to end when 44 

protocol-defined relapses had occurred or 1.5 years after 
the last patient had been randomised (see Table 1). An 
open-label extension followed the placebo-controlled dou-
ble-blind phase.

Efficacy of Satralizumab Monotherapy: Primary and 
Secondary Endpoints 
The double-blind phase of the study ended 1.5 years after 
the last patient has entered. Only 35 relapses had occurred 
at this time point, leaving the study less powered than 
initially planned. Compared to placebo, satralizumab sig-
nificantly reduced the relapse rate and prolonged the time 
to relapse. Overall, the study showed a 55% reduction of 
relapses under therapy with satralizumab than placebo 
(hazard ratio 0.45, 95% confidence interval 0.23 to 0.89). 
Relapses occurred in 30% of patients receiving satralizu-
mab versus 50% receiving placebo.

In AQP4-Ab positive patients, only 22% of patients 
treated with satralizumab had a relapse compared to 57% 
of those receiving placebo (hazard ratio 0.26, 95% confi-
dence interval 0.11 to 0.63). In contrast, AQP4-Ab negative 
patients had an even higher relapse rate under therapy with 
satralizumab than placebo (46% vs 33% respectively). Thus, 
as in SAkuraSky, AQP4-Ab negative patients seemingly did 
not profit from satralizumab; however, both studies were 
most probably underpowered to address this reliably.

Moreover, key secondary endpoints like fatigue and 
pain did not significantly improve in patients treated with 
satralizumab. Changes in the EDSS score at 24 weeks 
were not significantly different between groups.

Table 2 Dosing Regimens of Therapeutic Agents for Relapse Prevention in NMOSD

Agent Application Typical Dose To Consider

Rituximab33,44,47 i.v. Various regimens, e.g.: 1g at day 1, 1g at day 15; 
repeat 1g/d every six months

Allergic reactions during administration; 
monitoring of serum immunoglobulins

Mycophenolate Mofetil45,47 p.o. 750–3000 mg/d Bone marrow suppression, hepatotoxicity

Azathioprine34,43,47 p.o. 2.5–3.0 mg/kg body weight daily Bone marrow suppression, hepatotoxicity

Satralizumab58,59 s.c. 120 mg at day 1, day 14, day 28; then every 

four weeks

Hepatotoxicity, monitoring neutrophils

Eculizumab61 i.v. 900mg/week for four weeks; then 1200mg 

every two weeks

Vaccination against N. meningitides prior 

application

Inebilizumab63 i.v. 300 mg at day 1 and day 15; then 300mg every 

six months

Hypogammaglobulinemia

Tocilizumab53,64 i.v. or s.c. i.v.: 8 mg/kg body weight every four weeks Monitoring neutrophils, platelets, lipids, and 

liver function

Abbreviations: i.v, intravenously; p.o., per os; s.c., subcutaneously; kg, kilogram; d, day.
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Safety of Satralizumab Monotherapy 
The rate of serious adverse events was similar in both 
groups. Only one patient receiving satralizumab discontin-
ued the trial due to severe pneumonia.

Complement Inhibition
AQP4-Ab belong to the IgG1 subclass, and the activation 
of the complement system is a major feature of inflamma-
tory lesions in NMOSD. The terminal complement cas-
cade comprises C5a, which takes effect as 
a proinflammatory mediator, and C5b, which is directly 
involved in forming the membrane attack complex C5b-9.

Eculizumab is a humanised IgG2/IgG4-hybrid mono-
clonal antibody against complement factor 5 (see Table 2). 
Its binding prevents the cleavage of C5 to C5a and C5b, 
thereby inhibiting both final downstream effector mechan-
isms of the complement system.

In an open-label study published in 2013, eculizumab 
was highly efficacious in 14 AQP4-Ab positive female 
NMOSD patients by reducing the median annual relapse 
number from 3 to 0 and improving the EDSS.60 

Unfortunately, one patient developed meningococcal sep-
sis. Nevertheless, the promising results on efficacy gave 
rise to a large placebo-controlled trial PREVENT, and 
a trial on pediatric patients is underway (NCT04155424).

Eculizumab: PREVENT Trial
PREVENT was a Phase III, time-to-event, double-blind, 
randomised controlled trial assessing the efficacy and 
safety of eculizumab as add-on or monotherapy compared 
to placebo.61 The results were published in 2019; an open- 
label extension is still ongoing for a small number of 
patients. In the core trial, 143 patients from 18 countries 
suffering from AQP4-Ab positive NMOSD with an EDSS 
of 7.0 or less received either eculizumab or placebo (1:1) 
(see Table 2). Continuation of a pre-existing stable immu-
nosuppressive therapy was permitted and occurred in 76% 
of the cases (see Table 1).

Efficacy of Eculizumab: Primary and Secondary Endpoints 
The trial had a time-to-event design and stopped after 23 
of 24 prespecified adjusted relapses. Overall, there was 
a 94% reduction of relapse risk under therapy with eculi-
zumab. Relapses occurred in 3% of patients (3 out of 96) 
receiving eculizumab vs 43% of patients (20 out of 47) 
receiving placebo (hazard ratio 0.06, 95% confidence 
interval 0.02 to 0.20). Eculizumab showed consistent effi-
cacy in patients both with or without concomitant immu-
nosuppressive therapy in AQP4-Ab positive NMOSD. 

Remarkably, none of the patients treated with eculizumab 
as a monotherapy suffered from a relapse - in contrast to 
4% of patients treated with eculizumab and concomitant 
IST.

Concerning secondary endpoints, EDSS, modified 
Ranking scale, Hauser Ambulation index and European 
Quality of Life 5-Dimension 3-Level (EQ-5D-3L) showed 
no significant difference between both groups.

Safety of Eculizumab 
All patients received vaccination against Neisseria menin-
gitides before receiving any study drug. There was no 
meningococcal infection, and the rates of adverse events 
or serious adverse events were similar in both groups. 
There was one death in the eculizumab group due to 
pulmonary empyema. Two patients discontinued the 
study due to adverse events - both of them receiving 
placebo.

CD19 B-Cell Depletion
Besides the pivotal role of AQP4-Ab, B-cells contribute to 
NMOSD pathology by B-cell T-cell collaboration.

Inebilizumab (formerly MEDI-551) is an i.v. adminis-
tered humanised IgG1 kappa monoclonal antibody target-
ing the CD19 surface antigen on B-Lymphocytes (see 
Table 2). In contrast to CD20-directed antibodies like 
RTX, inebilizumab depletes a broader range of B-cells, 
including plasmablasts and some plasma cells. Thus, ine-
bilizumab may especially be advantageous concerning the 
inhibition of AQP4-Ab production.

A phase Ib dose-escalating trial in relapsing MS 
patients showed an acceptable safety profile of inebilizu-
mab up to 2x 600 mg administered i.v. With all doses 
investigated, depletion of peripheral B-cells was complete 
and sustained over 24 weeks.62

Inebilizumab: N-MOmentum Trial
Up to now, N-MOmentum is the largest placebo-controlled 
phase II/III clinical trial in NMOSD (see Table 1). The 
core study results were published in 2019, the open-label 
extension ist ongoing.63 231 patients from 25 countries 
suffering from an AQP4-Ab positive (n=212) or negative 
(n=18) NMOSD with an EDSS of 8.0 or less were rando-
mised 3:1 to receive either i.v. inebilizumab monotherapy 
(see Table 2) or placebo. All participants started with 
a short course of oral prednisolone as comedication to 
prevent early relapses after B-cell therapy initiation. 
After that, no concomitant immunosuppressants were per-
mitted. The study had a time-to-event design and was 
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planned to last until 67 relapses had occurred. For each 
participant, the double-blind phase ended after a relapse or 
after day 197 (see Table 1). These alternative criteria were 
introduced to limit the period patients in the placebo arm 
remained without immunomodulatory treatment to an ethi-
cally acceptable length of time.

Efficacy of Inebilizumab: Primary and Secondary Endpoints 
At the instigation of the data safety monitoring board, the 
N-MOmentum trial recruitment was halted early due to 
better than expected efficacy. With only 43 relapses 
observed, the primary endpoint was met: Under treatment 
with inebilizumab relapses occurred in 12% (21/174) vs 
39% (22/56) in the placebo group (hazard ratio 0.272, 95% 
confidence interval 0.15 to 0.496). When analysing AQP4- 
Ab positive patients separately, relapses occurred in 11% 
under treatment with inebilizumab vs 42% in the placebo 
group. Interestingly, three out of 13 AQP4-Ab negative 
patients suffered a relapse under therapy with inebilizu-
mab, but none under placebo (0/4).

As a secondary endpoint, the EDSS was analysed by 
assessing the number of patients with EDSS worsening. In 
this regard, inebilizumab patients did significantly better 
(odds ratio 0.371, 95% confidence interval 0.181 to 0.763). 
Changes in the mean EDSS were not reported. 
Additionally, inebilizumab treated patients were less likely 
to develop new active MRI lesions in the CNS.44 Data on 
AQP4-Ab levels are not yet published.

Safety of Inebilizumab 
The rate of adverse or serious adverse events was 
similar in both groups of the core study; however, 
treatment interruptions or discontinuations due to 
adverse effects only occurred in the inebilizumab- 
treated group (in three resp. two out of 174 patients). 
After six months, serum immunoglobulin levels 
decreased by approx 10% (most pronounced for IgM) 
in inebilizumab treated patients, and this decrease was 
seemingly ongoing with treatment duration. Therefore, 
the FDA issued the requirement to monitor immuno-
globulin levels during therapy.

Moreover, there were two fatalities in the open-label 
extension. One was most likely due to an NMOSD 
relapse-related respiratory insufficiency, and the second 
resulted from an encephalopathy of unknown origin.

Although all Phase 3 studies had a time-to-event 
design, trial settings differed in various aspects (see 
Table 1), making comparisons difficult.65 AQP4-Ab 

negative patients were not allowed in the eculizumab 
trial; concomitant IST or prednisolone was permitted in 
some, but not all clinical trials. Inclusion criteria differed 
concerning preceding disease activity and former immu-
nomodulatory treatments. Last but not least, relapses as 
the primary outcome were identified with differing scru-
tiny: in the eculizumab PREVENT trial, a relapse adju-
dication committee was installed amid the ongoing 
study, whereas in both the satralizumab and inebilizumab 
trials, relapse adjudication committees were in place 
right from the beginning. Moreover, in the inebilizumab 
trial, this committee followed the most rigorous criteria 
to confirm these clinical events.

Drugs Under Development
Aquaporumab
Aquaporumab is a monoclonal antibody that binds 
AQP4 with high affinity (see Figure 1, Table 3) and 
may displace AQP4-Ab from binding. The Fc portion 
of aquaporumab is engineered to incapacitate AQP4-Ab 
from triggering CDC or ADCC downstream mechan-
isms. Thus, binding of aquaporumab is not pathogenic, 
but is expected to block the cell- and complement- 
mediated cytotoxicity of pathogenic AQP4-Ab in NMO 
patients. Aquaporumab has been shown to be effective 
in a mouse model of NMO.66,67

Bortezomib
Bortezomib (see Table 3) is a proteasome inhibitor, devel-
oped and approved for the treatment of multiple myeloma. 
As such, it depletes plasma cells, and its use is evaluated 
in various autoantibody-driven neurologic autoimmune 
diseases, including myasthenia gravis or Anti-NMDA- 
Receptor encephalitis. Next to the induction of peripheral 
neuropathy, which is a typical side effect of the drug, 
a rebound of plasma cell activity with an overshooting 
production of autoantibodies after cessation of the drug 
is a concern. In NMOSD, bortezomib was investigated as 
an add-on medication in a small open-label study of five 
AQP4-Ab positive Chinese patients who were refractory 
to other drugs (NCT02893111). Four out of five patients 
were relapse-free during a one-year follow-up. Observed 
side effects were mild, but long-term outcome and safety 
profiles were not reported.68 It remains to be determined 
whether bortezomib, with its potentially unfavourable side 
effect profile, will be further developed in the treatment of 
NMOSD.
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Ravulizumab (Ultomiris®)
Ravulizumab (see Figure 1, Table 3) is a next-generation 
antibody targeting C5, which was designed to provide 
prolonged therapy intervals by utilising the “Ab- 
recycling” approach.69 Ravulizumab is applied only 
every eight weeks. Non-inferiority to eculizumab has 
been proven by two large phase III trials in patients with 
paroxysmal nocturnal hemoglobinuria (PNH).70,71 Based 
on these findings, ravulizumab was approved by the FDA 
and EMA for the use in adult PNH in 2018 and 2019.72 In 
December 2019, a phase 3 open-label study of ravulizu-
mab in AQP4-Ab positive NMOSD patients had started 
(CHAMPION trial; NCT04201262).

Sivelestat
Sivelestat (see Figure 1, Table 3) is a neutrophil elastase 
inhibitor. Neutrophil elastase is a proteolytic, highly 
destructive enzyme, that triggers the production of inflam-
matory cytokines.73 In a mouse model of experimental 
autoimmune encephalomyelitis sivelestat reduced 
ADCC.74 Although phase I/II clinical trials were discon-
tinued for various reasons, a granulocyte-targeting therapy 
remains a promising therapeutic approach.75

Ublituximab
A pilot safety study of Ublituximab as a novel add-on therapy 
in acute relapses of NMOSD was published by Mealy et al.76 

Ublituximab is a third-generation chimeric IgG1 monoclonal 
antibody with high affinity to the Fcy receptor IIIa 
(FCyRIIIA), an epitope on CD20-positive B-cells which is 
not targeted by rituximab (see Figure 1, Table 3). 
Ublituximab has enhanced ADCC activity while CDC is 
retained.44,77 In the phase Ib clinical trial with five patients, 
ublituximab was applied as an add-on to high dose i.v. 

steroids within five days of relapse onset. Ublituximab was 
well tolerated. In three subjects EDSS improved at 90d 
follow-up. Two of the five patients exhibited relapses within 
three months due to insufficient depletion of B-cells.76 

Further clinical development in NMOSD is pending.

What Comes Next?
Refractory courses of autoimmunological diseases of the 
CNS under immunomodulatory therapy are common. In 
these cases, hematopoietic stem cell therapy (HSCT) is 
increasingly gaining relevance. The objective is the recon-
struction of a new, self-tolerant immune system. Due to 
the lower occurrence of graft versus host disease (GvHD) 
and transplant-related mortality, autologous stem cell ther-
apy is currently preferred to allogenic stem cell 
therapy.78–80

The first case report of an autologous stem cell trans-
plantation in a 23-year-old severely affected patient with 
refractory NMOSD was published in 2010.81 In a 12- 
month follow-up, the patient remained blind, but parapar-
esis and dysesthesia remitted. Stem cell therapy also aims 
at preventing further relapses. A Europe-wide retrospec-
tive multicenter study with 16 patients diagnosed with 
NMO or NMOSD had a mixed outcome with recurrent 
relapses and AQP4-Ab persistence in some patients.82 

HSCT conducted in a cohort of 12 patients suffering 
from an NMOSD at Northwestern University achieved 
resounding success with prolonged drug-free remission 
and suppression of AQP4-Ab.83 The choice of drugs for 
the conditioning regimen of autologous stem cells was 
discussed as the underlying cause for the contrasting 
results of both studies. The use of rituximab seems to be 
promising. In terms of safety, no grade 4 toxicity has been 

Table 3 Drugs Under Development

Agent Target Mode of Action Level of Development

Aquaporumab66,67 AQP4 Prevention of AQP4-Ab 
induced ADCC

Mouse model of NMO

Bortezomib68 Proteasome inhibitor Depletion of plasma cells Phase II clinical trial for NMOSD (add-on) 
(NCT02893111)

Ravulizumab70–72 (Ultomiris®) C5 Complement-inhibitor PNH (approved by FDA, EMA); Phase III clinical trial 
for NMOSD (CHAMPION trial; NCT04201262).

Sivelestat74 Neutrophil elastase 

inhibitor

Reduction of inflammatory 

cytokines

Mouse model of EAE

Ublituximab76 Fcy receptor IIIa on 

CD20-positive B-cells

Depletion of CD20-positive 

B-cells, prevention of ADCC

Phase Ib clinical trial as add-on to steroids in NMOSD
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described.83 The promising therapeutic effects of autolo-
gous HSCT with an acceptable safety profile led to the 
recently published level 2 recommendation of the 
European Society for Blood and Marrow Transplantation 
for refractory cases of NMOSD.84,85

MOG-Ab Associated Disease with 
NMOSD Phenotype
The prognosis, therapy and outcome of patients with 
MOG-Ab and NMOSD phenotype correspond to MOG- 
associated disease (MOG-AD) in general.

Treatment of MOG-AD is highly variable, and recommen-
dations remain scarce.86 MOG-AD shows a relapsing course 
in around 50%. Monophasic courses can occur especially in 
low-titer MOG-Ab positive patients.87 Thus, after the first 
relapse of MOG-AD, low-dose steroid therapy alone for 
three to six months is often sufficient and is frequently recom-
mended as such.87 Other immunosuppressive drugs are reg-
ularly started when a second relapse occurred. Alternatively, 
persisting high MOG-Ab titers after relapse therapy may 
indicate a relapsing course, which may warrant the initiation 
of long-term immunosuppressive therapy.13,87

Prospective clinical trials on MOG-AD are still lack-
ing, and treatment recommendations rely on observational 
studies. A prolonged steroid therapy following a relapse 
therapy in patients with persistent MOG-Ab reduces the 
risk of early relapses.87 For maintenance therapy, AZA, 
MMF and methotrexate, as well as i.v. immunoglobulins 
(IvIg) or rituximab, have been described.87–90 In 70 
patients suffering relapsing MOG-AD the long-term use 
of IvIg showed the most effective reduction of relapse rate 
during a study period of 18 months: only 20% of patients 
treated with IvIg experienced further relapses compared to 
74% under therapy with MMF, 61% under RTX and 59% 
under AZA.91 Previous small retrospective studies support 
these results, especially in children.88,92,93

The comparably low efficacy of RTX in MOG-AD was 
further supported by a retrospective study of 121 patients 
of whom 78.9% developed relapses under RTX despite 
sufficient B-cell depletion.90 The underlying pathophysiol-
ogy is still unknown. Nevertheless, for MOG-AD intrave-
nous immunoglobulins seem to be the most effective 
therapy for relapse prevention.

Problems Solved?
The approval of three new biologicals is a hallmark in the 
therapy of NMOSD. However, the benefits are only 

evident in the large subset of AQP4-Ab positive patients, 
and, so far, data on long-term efficacy and safety of these 
new biologicals are not available. In AQP4-Ab seronega-
tive NMOSD, inebilizumab and satralizumab do not seem 
to have a relevant impact on the disease course. 
Eculizumab was only tested in AQP4-Ab seropositive 
NMOSD. Moreover, the benefits for MOG-AD with 
NMOSD phenotype remains uncertain, and therapy- 
refractory patients still pose a further challenge.

High costs for treatment with novel monoclonal antibodies 
lead to an exclusive availability of these agents in high-income 
countries. For low-income countries, the approval of such 
drugs does not impact the treatment of NMO. The use of 
conventional immunosuppressive drugs is also unevenly dis-
tributed: while RTX and MMF are preferred drugs in high- 
income countries, AZA is most often used in low-income 
countries due to low therapy costs despite the higher percen-
tage of adverse events.94

Conclusion/Expert Opinion
Whereas, until two years ago, only off-label therapies were 
available, there are currently three drugs FDA-approved 
for treating AQP4-Ab positive NMOSD patients, as well 
as a level 2 recommendation for HSCT in refractory 
courses. Monoclonal antibodies with class I evidence inhi-
biting complement activation (eculizumab), IL6-R signal-
ling (satralizumab) or promoting B-cell-depletion 
(inebilizumab) were consistently more effective than pla-
cebo. Head-to-head studies of these three drugs would be 
of interest but are admittedly challenging. Moreover, a true 
comparison with RTX would be helpful, since small head- 
to-head studies have already revealed RTX’s and 
Tocilizumab’s superiority compared to AZA.

Regarding their safety profiles, data on long-term effects 
do not exist for all three novel agents. RTX has shown 
superiority regarding adverse events compared to AZA 
over the last years. Eculizumab and tocilizumab both have 
a well-known safety profile in other inflammatory diseases.

Next, although approved for the use in many countries, the 
allowed indications may still differ. For example, eculizumab 
has an unrestricted first-line label in the US, but, in the EU, it 
can be utilised only after the second relapse. In Australia, 
authorities favour the use of eculizumab as an add-on therapy.

Thus, recommending a treatment algorithm is still far 
from straight forward. Apart from the lack of approval, 
available data keep supporting RTX as a first-line option 
in AQP4-Ab positive and -negative NMOSD patients. 
Eculizumab might be superior in AQP4-Ab positive 
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patients. It can be recommended in highly-active patients 
or even RTX non-responders, although the latter assump-
tion cannot be derived with certainty from the available 
data. In contrast, eculizumab is not an immunosuppres-
sant in the strict sense, so that the autoimmune cause of 
NMOSD remains largely unaffected. In the long term, 
satralizumab, inebilizumab or RTX, may therefore be the 
more effective therapeutic agents. Finally, costs, the 
immediacy of immunosuppression, the patient’s prefer-
ences and burden of therapy (e.g. route and frequency of 
administration) have to be taken into account.

Overall, therapy for NMOSD must be tailored to each 
patient. Fortunately, the drug armamentarium has grown 
and continues to grow, which helps to achieve this.
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