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NMOSD in Thailand 

• Population-based study 

• Searching for CNSIDD patients at a public secondary care hospital in Chumphon from 
January 2016 to December 2021 was performed using relevant ICD-10-CMcodes

• NMOSD was the most prevalent CNSIDD (CNS inflammatory demyelinating diseases) in 
adult Thai population at 3.33 per 100,000 persons (crude prevalence 2.55).



NMOSD 

• Autoimmune aquaporinopathy

• East Asians: 3.5/100,000 Whites: 1/100,000 Blacks: range from 1.8 to 10/100,000

• Female : Male ratio = 9 : 1

• The median age of onset is 35–37 years but people of any age can be affected

• Coexisting autoimmune disease :HLA-DR B1*03:01(white), HLA-DPB1*05:01 (Asia)

• AQP4-IgG seropositivity is associated with a high risk of relapse after a first event of longitudinally 
extensive transverse myelitis4 and in those with single or recurrent optic neuritis

• A relapsing disease. 

• Attacks are often severe and lead to disability as a result of cumulative sequelae of relapses

Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis optica spectrum 
disorders — from mechanisms to trials. Nature Reviews Neurology. 2021;17(12):759-73.
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NMOSD 
• AQP4 expression is high at the astrocytic foot 

process

• AQP4 structure
• 2 isoforms = M1 (complete internalization), 

M23 (resist internalization) 
• Orthogonal arrays particle (OAP) formed by 

M23 isoform  (only in CNS)
• OAP for IgG and complement C1Q binding 

(CDCC) 
• Best assay = M23-isoform 

• Antibodies in NMOSD (AQP4-IgG1) 
• Complement activation (CDC) – MAC 
• Activation of effector cells (NK cell) – Ab 

dependent cell-mediated cytotoxicity 
(ADCC)

• Target internalization of the receptor 
• Modification of target function 

Papadopoulos MC, Verkman AS. Aquaporin water channels in the nervous system. Nature Reviews Neuroscience. 2013;14(4):265-77
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• In cytotoxic edema
• water enters the CNS AQP4 located in 

perivascular astrocyte foot processes. 

• In vasogenic edema
• CNS water entry is AQP4- independent and 

occurs through intercellular spaces.

• In hydrocephalic edema
• water enters the brain through AQP4 in 

ependymal cells and subependymal 
astrocytes. 

• Interstitial edema
• astrocyte foot processes into the 

bloodstream,
• subpial astrocyte processes and pial cells 

into subarachnoid cerebrospinal fluid (CSF)
• subependymal astrocyte processes and 

ependyma into ventricle.

Papadopoulos MC, Verkman AS. Aquaporin water channels in the nervous system. Nature Reviews Neuroscience. 2013;14(4):265-77
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• Role of AQP4 
• Astrocyte migration 
• Neuroexcitation outside the synaptic cleft: helping reuptake potassium and water by astrocytes 

decrease extracellular space and volume
• Modulate function of EAAT2 on astrocyte (reuptake glutamate into astrocyte)

Papadopoulos MC, Verkman AS. Aquaporin water channels in the nervous system. Nature Reviews Neuroscience. 2013;14(4):265-77
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AUTOIMMUNE ASTROCYTOPATHIC DISEASE
• AQP4-expressing astrocyte is the major target of immune attack and astrocytic destruction

1. Extensive loss of AQP4 and GFAP immunostaining in the CNS lesions
• In contrast, astrocyte destruction is not seen or minor at best in typical multiple sclerosis.

2. Remarkably high CSF-GFAP levels during relapse
• CSF GFAP is not elevated at all in typical multiple sclerosis

3. Low myo-inositol/creatinine value in the cervical-cordon H-MRS
• Myo-inositol detected by 1 H- magnetic resonance spectroscopy reflects proliferation and 

activity of astrocytes
• The myo-inositol/creatine ratio is significantly lower in the cervical cord of AQP4-antibody-

seropositive NMOSD than in multiple sclerosis

4. Pathogenicity of AQP4-antibody in experimental studies(in vitro and in Vivo)

5. Significantly reduced thickness of Muller cell-rich fovea on OCT
• foveal change around Muller cell-rich fovea supports a retinal astrocytopathy

Fujihara K. Neuromyelitis optica spectrum disorders: still evolving and broadening. Curr Opin Neurol. 2019;32(3):385-394
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Pathology of NMOSD 

• Demyelination involving both the 
gray and white matter (LFB/PAS)

• Macrophage/microglia infiltration.

• Severe axonal loss is present in 
some areas of the lesion 
(Bielschowsky’s staining). 

• loss of GFAP, AQP4 receptor and 
the glutamate transporter, EAAT2 

Lucchinetti CF, Guo Y, Popescu BF, Fujihara K, Itoyama Y, Misu T. The pathology of an autoimmune astrocytopathy: lessons learned from neuromyelitis optica. Brain Pathol. 2014;24(1):83-97.



Pathology of NMOSD  

• Perivascular complement deposition 
(Rosette/mesh pattern) 

• Lymphocyte and eosinophil 
perivascular infiltration with 
degranulation

• Complement deposition at perivascular 
region

• Active Demyelination 

• Myelin laden macrophage 

Lucchinetti CF, Guo Y, Popescu BF, Fujihara K, Itoyama Y, Misu T. The pathology of an autoimmune astrocytopathy: lessons learned from neuromyelitis optica. Brain Pathol. 2014;24(1):83-97.
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Clinical Manifestation 

Jarius S, Paul F, Weinshenker BG, Levy M, Kim HJ, Wildemann B. Neuromyelitis optica. Nature Reviews Disease Primers. 2020;6(1):85.



NMOSD and Rheumatologic Disease 

Q1. Is the syndrome-specific biomarker for NMO, aquaporin-4 autoantibodies, present in 
patients with systemic rheumatologic diseases, and if so, is it confined to the group of 
patients who have optic neuritis or myelitis? 

• Answer. a high proportion of cases of both NMO and NMO associated with rheumatologic 
diseases had aquaporin-4 autoantibodies and the frequency did not differ between these 
two groups

Q2. When myelitis occurs in a connective tissues disease, is it clinically, radiologically and 
pathologically similar to the myelitis seen in neuromyelitis optica? 

• Answer. no reported detailed immunopathological analyses of spinal cord lesions in 
patients with NMOSDs in the context of SS or SLE

DM Wingerchuck. Multiple Sclerosis Journal.2012;18(1):5–10
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Q3. Do systemic rheumatologic disorders consistently or characteristically precede NMO, or 
can either one occur first? 

• Answer. Not associated 

Q4. Is NMO associated only with systemic rheumatologic disease that is associated with 
vasculitis or potential to produce CNS pathology, or can it be associated with other 
autoimmune disorders not otherwise associated with CNS tissue damage?

• Answer. Association with other systemic inflammatory  diseases not associated with 
CNS pathology; autoimmune thyroid disease, celiac disease, MG 

NMOSD and Rheumatologic Disease 

DM Wingerchuck. Multiple Sclerosis Journal.2012;18(1):5–10
Pittock SJ, Lennon VA, de Seze J, Vermersch P, Homburger HA, Wingerchuk DM, et al. Neuromyelitis optica and non organ-specific autoimmunity. Arch Neurol. 2008;65(1):78-83.
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NMOSD and Rheumatologic Disease 

• Patient with known rheumatologic disease of ON or LETM, should prompt evaluation for 
AQP4 antibody

• Patient  with rheumatologic disease who develop recurrent episodes LETM/ON  with 
‘signature NMOSD’ MRI lesion patterns  very likely to have NMO

• Patients with LETM/ON, without recognized rheumatologic disease who are found to 
have non-organ-specific autoantibodies (ANA) more likely to have NMO > lupus 
myelitis 

• The frequent use of immunosuppressive therapy for a previously diagnosed 
rheumatologic disease may suppress aquaporin-4 antibodies  follow up 

• Rheumatologists and neurologists should avoid monoclonal antibody or fusion protein 
therapies that interfere with tumor necrosis factor-alpha function, including such as 
infliximab, adalimumab, or etanercept

DM Wingerchuck. Multiple Sclerosis Journal.2012;18(1):5–10



NMOSD and Rheumatologic Disease 

Pittock SJ, Lennon VA, de Seze J, Vermersch P, Homburger HA, Wingerchuk DM, et al. Neuromyelitis optica and non organ-specific autoimmunity. Arch Neurol. 2008;65(1):78-83.
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Late Onset NMOSD
• Disease onset ≥ 50years

• Type and frequency of initial attack not 
difference from early onset 

• 31% of AQP4 positive NMOSD patient had 
LO- NMOSD 

• Lower female : male ratio (11.1 vs 4.1)

• Coexisting autoimmune 

• Higher EDSS after first attack and last 
follow up 

• 7% diagnosed with paraneoplastic NMOSD 

• Predictor of disability 
• Higher EDSS after first attack 
• ARR 

Sepulveda M, Delgado-García G, Blanco Y, Sola-Valls N, Martinez-Lapiscina EH, Armangué T, et al. Late-onset neuromyelitis 
optica spectrum disorder: The importance of autoantibody serostatus. Neurol Neuroimmunol Neuroinflamm. 2019;6(6).



Late Onset NMOSD

B. Double seronegative NMOSD 

• 100% LO-NMOSD were expected to use a cane, at 
60 months (5 years) after onset

Sepulveda M, Delgado-García G, Blanco Y, Sola-Valls N, Martinez-Lapiscina EH, Armangué T, et al. Late-onset neuromyelitis 
optica spectrum disorder: The importance of autoantibody serostatus. Neurol Neuroimmunol Neuroinflamm. 2019;6(6).

A. AQP4 positive NMOSD 

• 38% LO-NMOSD were expected to use a cane, 
at 60 months (5 years) after onset  



NMOSD Diagnostic Criteria: Wingerchuck 2015 

Ponleitner M, Rommer PS. Treatment of neuromyelitis optica spectrum disorder: revisiting the complement system and other aspects of pathogenesis. Wiener Medizinische Wochenschrift. 2022.
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Seronegative NMOSD
• The female to male ratio was 1:1 in 

seronegative and 9:1 in seropositive

• Caucasian ethnicity (100 vs. 73.6%)

• Opticomyelitis at onset (27 vs. 6%) 

• Less frequent severe visual impairment (12 vs. 
54%)

• Simultaneous optic neuritis and transverse 
myelitis as onset attack type (within 30 days of 
each other)  (32 % VS 3.6%)

• Relapse rate, disability outcome and other 
clinical characteristics did not differ significantly

Fujihara K. Neuromyelitis optica spectrum disorders: still evolving and broadening. Curr Opin Neurol. 2019;32(3):385-394
Dinoto A, Sechi E, Flanagan EP, Ferrari S, Solla P, Mariotto S, et al. Serum and Cerebrospinal Fluid Biomarkers in Neuromyelitis Optica Spectrum Disorder and Myelin Oligodendrocyte Glycoprotein Associated Disease. Front Neurol. 2022;13:866824.



Serostatus 

• Multicenter retrospective analysis of 245 patients with NMOSD (seropositive and seronegative )

• In  Rituximab ARR declined to 0.32 (seropositive; p<0.0001) and 0.12 (seronegative; p=0.0001). 

• In  mycophenolate mofetil, ARR declined to o 0.29 (seropositive; p<0.0001) and 0.30 (seronegative; p<0.005).

• Treatment was effective regardless of serostatus Mealy MA, Kim SH, Schmidt F, López R, Jimenez Arango JA, Paul F, et al. Aquaporin-4 serostatus does not predict 
response to immunotherapy in neuromyelitis optica spectrum disorders. Mult Scler. 2018;24(13):1737-42.



Novel Marker for NMOSD

• Evidence does not support 
monitoring in AQP4-IgG in NMOSD

• Complement proteins  support the 
use of complement-directed 
therapies, but their role as 
biomarkers has yet to be defined

• Evidence does not support 
monitoring in AQP4-IgG in NMOSD

• Serum levels of GFAP have a strong 
association with AQP4-IgG NMOSD 
disease course

Dinoto A, Sechi E, Flanagan EP, Ferrari S, Solla P, Mariotto S, et al. Serum and Cerebrospinal Fluid Biomarkers in Neuromyelitis Optica Spectrum Disorder and Myelin Oligodendrocyte Glycoprotein Associated Disease. Front Neurol. 2022;13:866824.
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Weinshenker BG, Wingerchuk DM. Neuromyelitis Spectrum Disorders. Mayo Clinic Proceedings. 2017;92(4):663-79
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Update Treatment of NMOSD 
• Acute treatment 

• IVMP 
• PLEX 1-1.5 plasma volume (Replacement fluid 50-55 ml/kg/cycle, albumin)
• IVIG

• Long-term treatment 
• FDA-approved treatment  for AQP4 – IgG positive 
• Eculizumab (Soliris®)
• Satralizumab (Ensyprng®)
• Inebilizumab (Uplinza® )

• Not FDA approved 
• Rituximab 
• Azathioprine, Mycophenolate Mofetil, Rituximab, Tocilizumab
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Rituximab- RIN-1 

• a multicenter, 1:1  randomized, double-blind, placebo-controlled clinical trial of rituximab for AQP4-IgG+ 
NMOSD 

• Eight hospitals in Japan (72 weeks)

• N = 38

• 375mg/m2 of rituximab weekly for 4 weeks followed by two 1,000 mg infusions 2 weeks apart at 6-monthly 
intervals

• All patients received a fixed dose of oral steroids (5–30mg of prednisolone)  for 8 weeks from randomization 
and reduced by 10% at each visit to 2 mg daily

• Primary endpoint: time to first relapse 
• 37% on placebo relapse vs 0 % on rituximab  

• Adverse event: no PML report, infusion reaction, risk hypogammaglobulinemia 

Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis optica spectrum disorders — from mechanisms to trials. Nature Reviews Neurology. 2021;17(12):759-73.



Eculizumab - PREVENT 
• Approved for atypical HUS

• First FDA-approved therapy for AQP4 
positive NMOSD (2019)- US, EU, Japan 

• Inhibit C5 cleavage to C5a and C5b 
prevent MAC formation

Pittock SJ, Berthele A, Fujihara K, Kim HJ, Levy M, Palace J, et al. Eculizumab in Aquaporin-4–Positive 
Neuromyelitis Optica Spectrum Disorder. New England Journal of Medicine. 2019;381(7):614-25

• Phase 3, randomized, double-blind, placebo-controlled, 
time-to-event trial 

• April 2014 – October 2017 
• Primary endpoint = first adjudicated relapse
• Secondary endpoint = ARR, QOL, EDSS
• SE: meningococcal infection*, encapsulated bacteria
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Primary end point = first adjudicated relapse
Secondart endpoint = ARR, QOL, EDSS



Eculizumab - PREVENT 

• Eculizumab reduce percentage of patients who have relapse 94%, and reduce ARR 96% (Compare 
to placebo) 

• EDSS reduced but not significant compare to placebo 
• Included only AQP4-IgG positive patients

Pittock SJ, Berthele A, Fujihara K, Kim HJ, Levy M, Palace J, et al. Eculizumab in Aquaporin-4–Positive Neuromyelitis Optica Spectrum Disorder. New England Journal of Medicine. 2019;381(7):614-25



Pittock SJ, Berthele A, Fujihara K, Kim HJ, Levy M, Palace 
J, et al. Eculizumab in Aquaporin-4–Positive 

Neuromyelitis Optica Spectrum Disorder. New England 
Journal of Medicine. 2019;381(7):614-25



Satralizumab

• Humanized IgG2 targets IL-6 receptor  block IL-6 receptor  decrease B-cell proliferation 

• Enhancement design to dissociate from Ag in pH-dependent manner to release into blood stream 
and bind to Ag again  prolong half life 

• Included seronegative and seropositive NMOSD
Yamamura T, Kleiter I, Fujihara K, Palace J, Greenberg B, Zakrzewska-Pniewska B, et al. Trial of Satralizumab 

in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019;381(22):2114-24.



Satralizumab - SAkuraSky

Yamamura T, Kleiter I, Fujihara K, Palace J, Greenberg B, Zakrzewska-Pniewska B, et al. Trial of Satralizumab 
in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019;381(22):2114-24.

62% risk reduction 

• Phase III, randomized double-blind, placebo-controlled, time to event trial

• 44 sites, 13 countries  

• Primary endpoint = adjudicated relapse 



Satralizumab - SAkuraSky

Yamamura T, Kleiter I, Fujihara K, Palace J, Greenberg B, Zakrzewska-Pniewska B, et al. Trial of Satralizumab 
in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019;381(22):2114-24.

79% risk reduction 



Yamamura T, Kleiter I, Fujihara K, Palace J, Greenberg B, Zakrzewska-Pniewska B, et al. Trial of Satralizumab 
in Neuromyelitis Optica Spectrum Disorder. N Engl J Med. 2019;381(22):2114-24.

Satralizumab - SAkuraSky



Inebilizumab N-Momentum

• Humanized, affinity-optimized, afucosylated IgG1 kappa mAB
• Target B cell surface CD19 at pro-B-cell and pre-B-cell
• Double-blind, randomized placebo-controlled phase II/III with an open-label extension 

period 
• 99 sites, 24 countries, Randomized 3: 1 (drug: placebo), 293 patients 
• Dose: 300 mg IV d1 and d15 q 6 months 
• All participant received prednisolone 20 mg/day, day 1-14 then tapered to day 21      

(prevent an attack during the induction period)
• Primary endpoint = time (days) to the onset of NMOSD attack 
• Secondary endpoint = Worsening EDSS from baseline, change from baseline in low-

contrast VA binocular score, the cumulative number of active MRI lesions, number of 
NMOSD-related hospitalization 

Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM, et al. Inebilizumab for the treatment of neuromyelitis optica
spectrum disorder (N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019;394(10206):1352-63
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Inebilizumab N-MOmentum

• Overall population
• NMOSD attacks

• Inebilizumab 21/174 
(12.1 %)

• Placebo 22/58 (39.3%)

• 73 % risk reduction 

• HR 0.272 (p < 0.0001)

• NNT at day 197 = 3.73

Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM, et al. Inebilizumab for the treatment of neuromyelitis optica
spectrum disorder (N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019;394(10206):1352-63



Inebilizumab N-MOmentum

• AQP4- IgG seropositive 
population 

• NMOSD attacks

• Inebilizumab 18/161 
(11.2%)

• Placebo 2/52 (42.3%)

• 77 % risk reduction 

• HR 0.227 (p < 0.0001)

• NNT at day 197 = 3.23

Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM, et al. Inebilizumab for the treatment of neuromyelitis optica
spectrum disorder (N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019;394(10206):1352-63



• Pharmacodynamic effect on CD20 was observed within 4 weeks 

• 3% found anti – inebiizumab, but no effect on pharmacokinetic and dynamic 

• Side effects 
• Similar frequency of adverse events as placebo 
• Infusion- related reaction , UTI, arthralgia, back pain, headache, eye pain 
• Serious side effect (1%) 

• Atypical pneumonia, 3rd degree burn, acute cholangitis, acute cholecystitis, LFT 
elevated 

Inebilizumab N-MOmentum

Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM, et al. Inebilizumab for the treatment of neuromyelitis optica
spectrum disorder (N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019;394(10206):1352-63
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therapies for neuromyelitis optica
spectrum disorder. Lancet Neurol  

2021;20(1):60-7
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NMOSD RCT
• The baseline characteristics of 

participants were similar across the 
five trials 

• AQP4-IgG positive is most benefit 

• No agent has been approved for 
AQP4-IgG– seronegative NMOSD

• For N-MOmentum, risk reductions 
were reported at 28 weeks, which is 
considerably earlier than in the other 
four trials

• N-MOmentum was the only trial in 
which a significant reduction was 
seen in the risk of disability 
worsening in indicated

• For RIN-1, the number of participants 
was too small to enable accurate 
quantification of risk reduction 
Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis 

optica spectrum disorders — from mechanisms to trials. Nature Reviews 
Neurology. 2021;17(12):759-73.



Summary of Adverse Events 

Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis optica spectrum disorders — from mechanisms to trials. Nature Reviews Neurology. 2021;17(12):759-73.



Pittock SJ, Zekeridou A, Weinshenker BG. Hope for patients with neuromyelitis optica spectrum disorders — from 
mechanisms to trials. Nature Reviews Neurology. 2021;17(12):759-73.



Eculizumab Satralizumab Inebilizumab Rituximab 

Trial PREVENT SAkuraSky/
SAkuraStar

(no background IST)

N-Momentum RIN-I

Mechanism C5 inhibitor IL-6 receptor blocker CD19 B-cell blocker CD-20 B-cell blocker

Size 96 treated/47 placebo 
(100% AQP4+)

41 treated/42 placebo
63 treated/32 placebo

174 treated/56 placebo 19 treated /19 placebo

Dose 900 mg IV wekly x 4 wks, 
then 1200 mg IV q 2 
weeks

120 mg SC at week 0,2,4 
then q 4 weeks 

300 mg IV on day 1, 15 
Then q 6 months 

1000 mg q 2 weeks then 
1000 mg q 6 months 

Risk reduction (%) 94% 74 – 79% 77% 0/19 vs 7/19 relapses

Side effects Severe meningococcal 
infection ** (vaccination 
recommended), 
encapsulated organism 

Skin reactions, high 
cholesterol, abnormal 
LFT, infection

Infusion reaction, 
hypogammaglobulinemia, 
PML

Infusion reactions, PML, 
hypogammaglobulinemia 

Cost /year/person
USD

$710,000 $219,000  $190,000 $393,000  $262,000 $18,000
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AQUAPORUMAB

• High-affinity, nonpathogenic anti-AQP4 antibody (aquaporumab) competes with pathogenic AQP4-
IgG for AQP4 binding

• Fc portion mutated  not activate complement



Carnero Contentti E, Correale J. Neuromyelitis optica spectrum disorders: from pathophysiology to therapeutic strategies. Journal of Neuroinflammation. 2021;18(1):208.



Take Home Message 

• AQP4 antibody binding leads to AQP4 internalization, complement-dependent and antibody-
dependent cellular cytotoxicity, and water channel dysfunction

• Cumulative attack-related injury causes disability in NMOSD, so the prevention of attacks is 
expected to prevent disability accrual

• Traditional immunosuppressant therapies, including mycophenolate mofetil, azathioprine and 
rituximab, were widely used but their benefits have not been assessed in controlled studies

• No direct comparison with conventional therapy and approved therapy

• Decisions on choosing treatment depend on cost, convenience, health care provider and 
availability

• Pregnancy and long-term safety limited data 

• No license on age <12 years 
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