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NMOSD/MOGAD PAST HISTORY

Neuromyelits optica (NMO) is an inflammatory 
autoimmune demyelinating neurologic disease with a 

predilection for optic nerves and spinal cord

Variante della SM



• Complement-dependent cytotoxicity
• Antibody-dependent cell-mediated

cytotoxicity

[Wingerchuk et al. 2007, Whittam D 2017]

MS

NMOSD pathogenesis

(from Wingerchuk  et al. 2007)



NMOSD pathogenesis
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MEMBRANE ATTACK COMPLEX 



Lesions are characterized by marked AQP4 loss

[Misu et al. 2007]

Human IgG derived from patients with NMO injected in animal
models caused a characteristic inflammatory infiltrate consisting in
macrophages, neutrophilis and eosinophilis.
Astrocyte marker (GFAP) is lost in parallel with AQP4 while
myelinated fibers seemed to be preserved.

NMO MS EAE

Astrocyte 
loss

AQP4 immunoreactivity 

NMOSD pathology



NMOSDAQP4+
AQP4-

or unknown

[Wingerchuk et al. Neurology 2015] 

Optic neuritis 
(32.5%†2)

Area postrema syndrome
(10.6%†2)

Acute brainstem syndrome
(5.5%†2)

Symptomatic narcolepsy 
or acute diencephalic 

clinical syndrome
(4.1%†^2)

Acute myelitis 
(39.7%†#2)

Symptomatic cerebral 
syndrome with NMOSD-

typical brain lesions
(3.8%†2)

Core clinical 
characteristics*1

〰️ 70%

NMOSD/MOGAD: PRESENT HISTORY



[Wingerchuk et al. Neurology 2015] 

AQP4-
or unknown

NMOSD diagnostic criteria IPND 2015



Characterization of the heterogeneity of AQP4 seronegative NMOSDs:

• False negative assay
• Other “NMOSD variants”

[Kitley J et al. Neurology, 2012]

[Journal of Neuroinflammation, 2011]

About 20-30% of AQP4 seronegative

NMOSD IPND 2015 diagnostic criteria



[Huda S, et al. Clin Med 2019;19:169]

MOG lack of specific central immune tolerance
Located at the outermost surface of the myelin sheath

Ideal candidate target of the immune attack in
inflammatory demyelinating CNS diseases

Myelin proteins

MOG is a minor component of myelin sheats

MOGAD pathogenesis



Since MOG is expressed on mature oligodendrocytes,
but not on oligodendrocyte progenitor cells, rapid
recruitment of new oligodendrocytes occurs in the
lesions, which is associated with rapid and complete
remyelination

[Huda S, et al. Clin Med 2019;19:169]

ADEM mechanisms of repair
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[Zamvil S and Slavin AJ Neurol Neuroimmunol Neuroinflamm 2015]

Anti-MOG vs anti-AQP4 related autoimmunity



• 2 autopsies and 22 brain biopsies

Early active demyelinationMassive perivenous
accentuation

Axons are moderately
reduced

Perivenous deposition of 
activated complement
complex

The inflammatory infiltrates mainly contain CD3 
and CD4 positive T cells, less CD8-positive T cells

[Huda S, et al. Clin Med 2019;19:169]

MOGAD pathology



Large Veins
Central Vein Sign
Focal Chronic Active 
Expanding Lesions
Periventricular
Iron Rim Lesions

Small Veins and Venules
Perivenous Confluent ADEM-
Like Lesions
No Central Vein Sign
Deep White Matter
Active and Inactive Lesions
No Chronic Active or Slowly 
Expanding Lesions
No Iron Rim Lesions

Höftberger et al 2020, Grabner et al 2014, Haider et al 2016, Machado Santos et al 2018 

Pathological Differences between MS and MOGAD

[Courtesy of H. Lassman]



MS:

• Meningeal inflammatory aggregates
with features of tertiary 
lymphofolicles

• Band-like subpial demyelination 
underneath the meningeal 
inflammation

MOGAD:

• Perivenous cortical inflammation

• Perivenous confluent intracortical 
demyelination, focal lesions

• Meningeal inflammation with 
subpial cortical demyelination is rare

Fischer et al 2013, Höftberger et al 2020

Pathology of Cortical Lesions in MS and MOGAD

[Courtesy of H. Lassman]



Induction of Demyelination

Amplification of CD4+ T-Cell 
mediated Inflammation

[Spadaro et al 2018]

Transfer of Patient derived 
MOG-Abs into rodents:

• Increased inflammation 
through supported MOG 
antigen presentation to 
CD4+ T-cells

• Induction of 
demyelination through 
complement activation 
and antibody dependent 
cellular cytotoxicity 

Pathogenic role of MOG-antibodies in MOGAD



[López-Chiriboga SA et al JAMA 2018]

MOGAD diagnostic criteria

International MOGAD Criteria
Including MRI criteria

work in progress



Clinical spectrum of AQP4-Ab/NMOSD and MOGAD.
ADEM/MDEM, acute disseminated encephalomyelitis/multiphasic disseminated encephalomyelitis; APS, are postrema syndrome;
LEM, longitudinally extensive myelitis; ON, optic neuritis.

Inflammatory demyelinating diseaseAutoimmune astrocitopathic disease

NMOSD/MOGAD and MS CLINICAL OVERLAP



Alternative diagnoses were formulated in 163 (24.4%) cases
• Nonspecific neurologic symptoms in association with atypical MRI lesions of suspected vascular origin
• Migraine with atypical lesions
• Neuromyelitis optica spectrum disorders

695 patients;  
23 MS centre
3 yrs follow-up



Total MOG - MOG + p

N. Pts (%) 57 38 (67%) 19 (33%)

Follow-up (years) 3.3+3.2 3.5+3 3+3.8 ns

II clinical episode [n.pts] 25 17 (68%) 8 (32%) ns

Time between I-II clinical episode, 
(months)

18+ 21 15+12.3 24.4+32.9 ns

DITa and DISb MRI at FU [n.pts (%)] 33 25(65%) 8(42%) 0.07

[Tortorella C et al ECTRIMS 2017]

Wingerchuk’s 2015 criteria for NMOSD were met in 32 %
McDonald criteria for MS were met by 33 %

[Jarius S et al J Neurol Neuroinflamm, 2016]

[Ramanathan et al JNNP, 2017]

(mean follow-up 75 ± 46.5 months)

Patients with MOGAD are 
less likely to develop

clinically silent MRI lesions
than are patients with MS

[Ramanathan et al JNNP, 2017]

NMOSD/MOGAD and MS RADIOLOGICAL OVERLAP



Cacciaguerra et al. 2019

At least 2/5:
• Absence of juxtacortical/cortical lesions
• Absence of periventricular lesions 
• Absence of Dawson’s fingers 
• Presence of long transverse myelitis 
• Presence of periependymal lesions along lateral ventricles

82% Sensitivity, 91% Specificity for NMOSD

NMOSD vs MS: RADIOLOGICAL differences



[Cortese R et a al submitted] 

Variable importance
Mean 

Decrease 

Impurity

Mean 

Decrease 

Accuracy

Accuracy

(LOOCV)

Kappa

(LOOCV)

AUC

(95%CI)MOGAD
AQP4-

NMOSD
RRMS

MRI

Dawson’s 

fingers 

lesion

77.4 5.3 58.6 72.9 88.4

0.68 0.52
0.75 

(0.72-0.78)Temporal 

lobe lesion
71.7 12.4 31 16.3 72

LETM 42.6 76.1 26 23.4 73

Clinical & MRI

Dawson’s 

fingers 

lesion

48.1 34.9 38.5 55.6 65.2

0.76 0.64
0.85 

(0.82-0.88)

Temporal 

lobe lesion
39.9 20.2 15.3 30.9 42.7

LETM 36.4 30.0 12.9 19.5 41.4

Age at MRI -0.4 15.2 10.9 43.0 14.8

EDSS 23.1 33.8 9.4 40.4 36.8

Forest model using the best sets of discriminators and the imputed set of data.

MOGAD non ACUTE phase: RADIOLOGICAL discriminators



❖Overlapping Phenotypes

❖Different Pathogenesis

❖ Different Treatments

NMOSD/MOGAD and MS DIFFERENT TREATMENT RESPONSE

Anti CD19 
(Rituximab)

Anti IL6R
(Toclizumab; 
Satralizumab)

Immunosoppressant

Anti-complement
(Eculizumab)

Anti-granulocytes
(neutrophil and 

eosinophil)





Rituximab e NMOSD: RIN-1 study

• 8 Centri in Japan
• 38 NMOSD AQP4+
• 16–80 years old
• Add on to steorids (5–30 mg/day)
• 19: placebo and 19: RTX
• 9 included at first clinical event

RTX (375 mg/m2) every week for 4 weeks, then 6-
month interval (1000 mg every 2 weeks, at 24 
weeks and 48 weeks after randomisation)



NMOSD: Randomized Clinical Trials

Another satralizumab’s RCT (SAkuraStar in North America, monotherapy otherwise similar to
SAkuraSky) was also completed and the results were very similar to those in SAkuraSky

(AQP4-IgG+/-) (AQP4-IgG+/-) 



Eculizumab: PREVENT study

[Pittock S et al. et al NEJM 2019] 

94% risk reduction

(AQP4-IgG+) 

Primary endpoint: Time to first protocol-defined relapse (PDR) in double-blind study period



Eculizumab PREVENT study: safety

Upper respiratory tract infections and headaches were more common in the eculizumab
group. There was one death from pulmonary empyema in the eculizumab group. 

[Pittock S et al. et al NEJM 2019] 



Sakura SKY: satralizumab in “add on” reduced the risk of relapse

Analysis based on ITT population; p-value based on log-rank test stratified by geographic region and baseline relapse rate. Percentage figures are proportion of relapse-free patients. Protocol-defined relapse as adjudicated by the independent clinical endpoint committee. 
EDSS/FSS was assessed within 7 days of relapse reporting. CI, confidence interval; EDSS, Expanded Disability Status Scale; FSS, functional system scores; ITT, intent-to-treat; NMOSD, neuromyelitis optica spectrum disorder.

Yamamura T, et al. N Engl J Med 2019;381:2114–2124.
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Time to relapse (weeks)No of patients at risk

89%

66%
59% 

78%

Placebo 42 34 30 22 19 16 16 12 9 4 0

Satralizumab 41 37 29 25 24 22 20 19 14 9 2 1

49% 

74%

62% risk reduction

Placebo (n=42)

Satralizumab (n=41)

Censored

Proportion relapse-
free

Hazard ratio (95% CI) 0.38 (0.16–0.88)

Stratified P value (log-rank) 0.02

Primary endpoint: Time to first protocol-defined relapse (PDR) in double-blind study period



Protocol-defined relapse as adjudicated by the independent clinical endpoint committee. EDSS/FSS was assessed within 7 days of relapse reporting.
AQP4-IgG, antibodies against aquaporin-4; CI, confidence interval; EDSS, Expanded Disability Status Scale; FSS, functional system scores; ITT, intent-to-treat.

Yamamura T, et al. N Engl J Med 2019;381:2114–2124.

P
ro

p
o

rt
io

n
 r

el
ap

se
 f

re
e

1.0

0.8

0.6

0.4

0.2

0.0

0 964836 7212 24 144120 168 216192

Time to relapse (weeks)No of patients at risk

Placebo 28 23 20 13 10 8 8 5 5 2 0

Satralizumab 27 24 19 15 15 14 14 13 10 7 2 1

Hazard ratio (95% CI) 0.21 (0.06–0.75)

92%

60%

92%
85%

79% risk reduction

Placebo (n=28)

Satralizumab (n=27)

Censored

Proportion relapse-
free

53% 53% 

Sakura SKY: satralizumab reduced the risk of relapse in AQP4-IgG +



Sakura STAR: satralizumab monotherapy reduced the risk of relapse

Analysis based on ITT population; p-value (based on log-rank test) and hazard ratio (using Cox proportional-hazards model) stratified by prior therapy for prevention of NMOSD attack (B-cell-depleting therapy or immunosuppressants/other) and by nature of the most recent 
attack in the year prior to screening (patient’s first clinical attack vs relapse). CI, confidence interval; HR, ITT, intention to treat.

Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12.
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Time to relapse (weeks)No of patients at risk

76%

62%

51% 

72%

Placebo 32 23 22 19 19 13 9 3 2 1 1 1

Satralizumab 63 56 54 49 46 43 30 16 12 10 3 0

34% 

63%

55% risk reduction

Placebo (n=32)

Satralizumab (n=63)

Censored

Proportion relapse-
free

Hazard ratio (95% CI) 0.45 (0.23–0.89)

Stratified P value (log-rank) 0.018



Protocol-defined relapse as adjudicated by the independent clinical endpoint committee. EDSS/FSS was assessed within 7 days of relapse reporting.
AQP4-IgG, antibodies against aquaporin-4; CI, confidence interval; EDSS, Expanded Disability Status Scale; FSS, functional system scores; ITT, intent-to-treat.

Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12. 
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Time to relapse (weeks)No of patients at risk

83%

55%

41% 

77%

Placebo 23 15 14 12 12 8 4 2 2 1 1 1

Satralizumab 41 38 37 35 34 31 20 11 9 8 1 0

41% 

77%

74% risk reduction

Placebo (n=23)

Satralizumab (n=41)

Censored

Proportion relapse-
free

Hazard ratio (95% CI) 0.26 (0.11–0.63)

Sakura STAR: satralizumab monotherapy reduced the risk of relapse in AQP4-IgG+



63% 63%
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Placebo (N=9)

Satralizumab (N=22)

Censored

38%

NE

Hazard ratio (95% CI) 1.19 (0.30–4.78)

AQP4-IgG seronegative

Protocol-defined relapse as adjudicated by the independent clinical endpoint committee. EDSS/FSS was assessed within 7 days of relapse reporting.
AQP4-IgG, antibodies against aquaporin-4; CI, confidence interval; EDSS, Expanded Disability Status Scale; FSS, functional system scores; ITT, intent-to-treat.

Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12. 

SAKURA STAR

AQP4-IgG seronegative
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56%
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Hazard ratio (95% CI) 0.66 (0.20–2.24)

SAKURA SKY

Satralizumab: findings in the AQP4-IgG seronegative population



SAkuraStar and SAkuraSky: Satralizumab safety profile

Traboulsee A, et al. Lancet Neurol 2020
Yamamura T, et al. NEJ 2019



Inebilizumab targets a broader spectrum of B cells

Inebilizumab

B-cell development

Rituximab

Inebilizumab

It does not interfere with the small quote of CD20 positive T lymphocytes

Inebilizumab is a humanized monoclonal antibody

-momab: murine
-ximab: chimeric
-zumab: humanized
-mumab: human



Inebilizumab efficacy

The RC period was stopped before complete enrolment because of a clear demonstration of efficacy. 

21 (12%) of 174 participants
receiving inebilizumab had an
attack versus 22 (39%) of 56
participants receiving
placebo

[Cree BA et al. NEJM 2019]

73% risk reduction



NMOSD & MoA: positioning consideration

B-cells

• Broad mechanism of action

• Hypogammaglobulinemia, 
late onset neutropenia

• Potential risk of infections
(> on long term)

• Low load for patients and 
Centres

• CD19>CD20

Complement

• Rapid onset of action 

• Vaccination for capsulated
bacteria

• High load for patients and 
Centres

• Ravalizumab > eculizumab

IL6

• Broad mechanism of action

• Potential risk of infections

• Moderate load for patients
and Centres

• Satr>Toci



Predicted 1-year and 2-year relapse-free survival was 79% and

55% for first-line RTX therapy, and 38% and 18% for second-

/third-line therapy.

Circulating CD19+B-cells were suppressed to <1% of total

circulating lymphocyte population at the time of 45/57 (78.9%)

relapses.

Conclusion: RTX reduced relapse rates in MOGAD. However,

many patients continued to relapse despite apparent B-cell

depletion. Prospective controlled studies are needed to validate

these results.Conclusion Current treatment of MOGAD is highly variable,
indicating a need for consensus-based treatment guidelines,
while awaiting definitive clinical trials.

MOGAD treatment



Pediatric

[Chen, Neurology 2020]

This large retrospective multicenter study of patients
with MOGAD suggests that maintenance
immunotherapy reduces recurrent CNS
demyelinating attacks, with the lowest ARR being
associated with maintenance IVIG therapy.
Traditional MS disease-modifying agents appear to
be ineffective.

Prospective randomized controlled studies are
required to validate these conclusions.

MOGAD treatment



[Fujihara et al. 2020]

•Biomarkers for diagnosis

•Diagnostic test standardization
(lived vs fixed assay expecially for MOGAD)

•Presence or absence of a progressive disease

•Prognostic factors for disability and
treatment response

•Protocol for treament choice (MOGAD vs
NMOSD)

...

Open Issue



Fattori prognostici clinico-radiologici nelle patologie

dello spettro della Neuromielite Ottica e associate ad

anticorpi anti-MOG. Analisi di coorte dal Registro

Italiano Sclerosi Multipla ed implementazione di uno

specifico dataset

(cod. PrReg032)

Carla Tortorella, Mariapia Amato, Marco 

Capobianco, Massimo Filippi, Francesco Patti

CRF SOGGETTI NMOSD/MOGAD

Registro Italiano SM e 
Patologie Correlate

Struttura Tecnico Operativa
Istituto Mario Negri IRCCS

Febbraio 2022





Tocilizumab as rescue treatment

Ringelstein, Neurol Neuroimmunol Neuroinflamm 2022



Inebilizumab

Inebilizumab is a humanized
monoclonal antibody designed to target
and deplete CD19-expressing B cells

-momab: murine
-ximab: chimeric
-zumab: humanized
-mumab: human

[Imai and Takaoaka, 2006 Nat Rev Cancer]



28 weeks

Screening
period

Inebilizumab

Placebo

Open-label
period

Primary endpoint:
Time to new or 

worsening NMO attack

Randomized control period

4 weeks 28 weeks

Randomization:
3:1

N-MOmentum design

IV inebilizumab or placebo was
administered on days 1 and 15
The total dose of inebilizumab
in the RCT period was 600 mg,
with no further doses occurring
after day 15 in this study
period).

• 467 patients were screened
• 231 (49%) patients were enrolled. 175 (76%) randomly allocated to inebilizumab and 56 (24%) 

randomly allocated to placebo 
• 93% AQP4+ 
• No other use of immunosuppressants was permitted during the randomised controlled period. 

(no 175)

(no 56)



1. Kimura K, et al. Eur J Immunol 2010;40:1830–1835. 2. Lin J, et al. Int J Neurosci 2016;126(12):1051–60. 3. Weinshenker BD, Wingerchuk DM. Mayo Clin Proc. 2017;92(4):663–679. 4. Chihara N, et al. Proc Natl Acad Sci USA
2011;108:3701–3706. 5. Takeshita Y, et al. Neurol Neuroimmunol Neuroinflamm 2017;4:e311. 6. Obermeier B, et al. Nat Med 2013;19:1584–1596. 7. Uzawa A, et al. Clin Exp Neuroimmunol 2013;4:167–172. 8. Kaplin AJ, et al. J 

Clin Invest 2005;115:2731–2741. 9. Rothhammer V, et al. Semin Immunopathol 2015;37:625–638. 10. Papadopoulos MC, et al. Nat Rev Neurol 2014;10:493–506. 11. Erta M, et al. Int J Biol Sci 2012;8:1254–1266. 12. Barnum 
SR, et al. Glia 1996;18:107–117. 
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Satralizumab: phase III RCT (SAkuraSky and SAkuraStar)

*Baseline treatment: AZA, MMF, OCs (for patients aged 12–17 years, AZA + OCs, MMF + OCs were permitted); †PDR or clinical relapse requiring rescue therapy in SAkuraSky; PDR in SAkuraStar; relapses adjudicated by CEC; ‖Defined by Wingerchuk et al 2006 criteria; ‡Defined by Wingerchuk et al with either longitudinally extensive myelitis or optic neuritis.
AZA, azathioprine; BL, baseline treatment; CEC, clinical endpoint committee; LA, last administration; LO, last observation; MMF, mycophenolate mofetil; OCs, oral corticosteroids; Q4W, every 4 weeks; SC, subcutaneous. 
1. Yamamura T et al. N Engl J Med 2019;381:2114-2124; 2. Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12.

SAkuraSky1 SAkuraStar2

Key inclusion criteria and 
concomitant medication

• Aged from 12 to 74 years

• NMO‖ (AQP4-IgG+/-) or NMOSD‡ (AQP4-IgG+) patients

• ≥2 relapses in last 2 years (≥1 relapse in last year)

• In combination with baseline IST (AZA, MMF, and/or OCs)§

• Aged from 18 to 74 years

• NMO‖ (AQP4-IgG+/-) or NMOSD‡ (AQP4-IgG+) patients

• ≥1 attack in last year

• Monotherapy

End of double-blind period
Total number of protocol-defined relapses reaches 26 (Data cut-off date Jun 
2018)

Total number of protocol-defined relapses reaches 44 or 1.5 years after 
randomization of the last patient enrolled (Data cut-off date Oct 2018)

Double-blind period

Week
0 2 4 8 12 16 20 LA

Extension period

LO0 2 4 8 12 LAAdministration of 
satralizumab or placebo

Satralizumab 120 mg + IST (n=41)

Placebo + IST (n=42)

Satralizumab +/- ISTRandomized 1:1

N=83

AZA, MMF, 
OCS permitted* Relapse†

Satralizumab

Satralizumab 120 mg (n=63)

Placebo (n=32)

Randomized 2:1

N=95

No additional therapies 
permitted

Relapse†



Eculizumab

Approved for use in paroxysmal nocturnal
haemoglobinuria and atypical haemolytic
uraemic syndrome

«On 24 April 2019 Eculizumab for treatment
of NMOSD has been authorised in the EU
since 26 August 2019».



. 



Eculizumab: Inclusion Criteria PREVENT

*Baseline treatment: AZA, MMF, OCs (for patients aged 12–17 years, AZA + OCs, MMF + OCs were permitted); †PDR or clinical relapse requiring rescue therapy in SAkuraSky; PDR in SAkuraStar; relapses adjudicated by CEC; ‖Defined by 

Wingerchuk et al 2006 criteria; ‡Defined by Wingerchuk et al with either longitudinally extensive myelitis or optic neuritis.

AZA, azathioprine; BL, baseline treatment; CEC, clinical endpoint committee; LA, last administration; LO, last observation; MMF, mycophenolate mofetil; OCs, oral corticosteroids; Q4W, every 4 weeks; SC, subcutaneous. 

1. Yamamura T et al. N Engl J Med 2019;381:2114-2124; 2. Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12.

PREVENT

Key inclusion criteria and 

concomitant medication

•Aged >18 years

•Recurrent NMO (AQP4-IgG+) or NMOSD‡ (AQP4-

IgG+) patients

•≥2 relapses in last 12 months or 3 relapses in 

the last 24 months (≥1 relapse in last year)

•EDSS score <7

•Baseline IST  if stable-dose regimen(AZA, MMF, 

and/or OCs)§

End of double-blind period
Total number of protocol-defined relapses reaches 

23 



Unmet need in NMOSD treatment

• Controlled data driven by RCT

• Treatment of patients with AE to Rituximab (26%) 
• patients Infusion-related reactions (CDC) (10%) 
• Infections
• Hypogammaglobulinemia, late onset neutropenia

• Rituximab non responders

[Damato et al 2016, Marracinò et al, Neurol Neuroimmunol Neuroinflamm 2018; Kim et al, 2013 Eur J Neurol]
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ECULIZUMAB



SATRALIZUMAB



NMOSD & MoA: positioning

consideration

[Bord SA 2020] 

Onset of action

How long?



NMOSD & MoA: positioning

consideration

When?
Advantages Disadvantages

[Bord SA 2020] 

Non responders



NMOSD & MoA: positioning

consideration

Non Responders

Advantages Disadvantages

[Bord SA 2020] 

Onset of action
Non Responders



Modified from Tradtrantip L et al. 2020
ADCC, antibody-dependent cellular cytotoxicity;
AQP4, aquaporin-4; AQP4-IgG, aquaporin-4-
immunoglobulin G; IL6R, CDC, complement-
dependent cytotoxicity; CNS, central nervous
system; interleukin-6 receptor.

Immunosuppression

Biomarkers di RISPOSTA

AQP4-Ab levels? 



Central vein sign: MS vs MOGAD vs NMOSD

[Ciotti et al. Mult scler 2021]
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QSM brain image showing a rim 

lesion2

Phase contrast image showing a 

rim lesion1

T2-weighted image with lesion1

Chronic active lesions

• Are less likely to remyelinate

• More likely to leave behind black holes (axonal loss) and increased brain atrophy1,3-5

• Associated with increased disability1,6

• Increase transition to progressive disease1

Smoldering lesions: MS vs MOGAD


