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• Attack therapy must be initiated as 

early as possible in NMOSD 

attacks.

• Apheresis therapy may be the first-

line treatment option for patients 

with: 

insufficient response to 

glucocorticoids during previous 

attacks 

sufficient response to 

apheresis therapy during 

previous attacks

severe myelitis. 

• For patients with severe attacks, 

concomitant treatment with high-

dose glucocorticoids and apheresis 

may be used
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Long-term immunotherapy must be offered to patients with AQP4-

IgG-positive NMOSD already after the first attack



Pathophysiology of NMOSD

ADCC, antibody-dependent cellular cytotoxicity; APC, antigen-presenting cell; AQP4, aquaporin-4; CD19, cluster of differentiation 19; CD20, cluster of differentiation 20; CDC, complement-dependent cytotoxicity; CNS, central nervous system; EC, endothelial cells; IgG, immunoglobulin G; NMOSD, neuromyelitis 
optica spectrum disorder. 

1. Jasiak-Zatonska M, et al. Int J Mol Sci. 2016;17:1-31. 2. Ratelade J, et al. Acta Neuropathol. 2013; 126(5):699-709.

Immune tolerance is disrupted, 
causing B cell activation

B cells mature into plasmablasts
and produce AQP4-IgG

AQP4-IgG enters the CNS and selectively binds 
to AQP4 on astrocytes

Binding of AQP4-IgG to astrocytes leads to 
astrocyte cell death via complement activation 
and ADCC2

Innate immune cells are recruited in the CNS, 
leading to further tissue destruction

Widespread inflammation causes secondary 
demyelination and bystander injury to other 
CNS cells
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• For patients who are stable on of-label therapies and have no signifcant side 

effects there is no need to be switched to other treatments

• Conventional immunosuppressive therapies (azathioprine, mycophenolate 

mofetil, cyclophosphamide, oral glucocorticoids) may be used but are 

considered less effective than biologicals

• Low-dose glucocorticoids should not be used as a monotherapy to prevent 

attacks unless no other options are available

Long-term therapy: off-label therapies

AAR on Off-Label Therapies
DMT DOSAGE PRE-TREAT AAR POST-TREAT ARR

Azathioprine <2 mg/Kg/d 2,09 0,82

≥2 mg/Kg/d 2,20 0,52

All 2,18 0,64

MMF 2 g/d 1,06 0,39

CYC 468-774 mg/m2 1,30 0,92

Rituximab 1-2 g q6 mo 1,17 0,25

Costanzi et al, 

2011 

Torres et al, 2015

Kumpfel et al, 

2023



AQP4+ Key Competitor Comparison

Eculizumab Satralizumab Inebilizumab

MOA C5 inhibitor IL-6R inhibitor Anti-CD-19

ROA/Dosing IV Q2W SC Q4W IV Q6M

Vaccination Yes No No

Cree B et al. Lancet. 2019 Oct 12;394(10206):1352-1363.

Pittock SJ, et al. N Engl J Med. 2019;381(7):614-625. 

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

Traboulsee A, et al. Lancet Neurol 2020;19(5):402–12
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Used with permission from Dutra BG, et al. 
Radiographics. 2018;38(1):169-193. © 2018 RSNA.

AQP4, aquaporin 4; BBB, blood brain barrier; CNS, central nervous system; ; Ig, immunoglobulin; MAC membrane attack complex; TCC, terminal complement complex.
aAQP4 IgG is predominantly the IgG1 subclass, which strongly activates the complement system2

1. Dutra BG, et al. Radiographics. 2018;38(1):169-193. 2. Isobe N, et al. Mult Scler. 2012;18(11):1541-1551. 



I N T R O D U C T I O N

Eculizumab Is a Humanized Monoclonal Antibody That Binds C5

Eculizumab structure Eculizumab binds selectively 

to complement C5a

Reprinted from Handb Clin Neurol,133, Hinson SR et al., 377-403, © 2016, with permission from Elsevier.

IgG, immunoglobulin G.
aThe second C3b molecule is depicted as a dashed line because its location is still unknown. 
Hinson SR, et al. Handb Clin Neurol. 2016;133:377-403.
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1. Dutra BG, et al. Radiographics. 2018;38(1):169-193.
2. Conti-Fine BM, et al. J Clin Invest. 2006;116(11):2843-2854. 
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I N T R O D U C T I O N

The Complement Cascade1-6

• Inflammation

• Direct cell lysis

• Immune complexclearance

• Microbialopsonization

• Inflammation

K E Y  F U N C T I O N S  O F  
T E R M I N A L  C O M P L E M E N T 7 - 8

K E Y  F U N C T I O N S  O F  
P R O X I M A L  C O M P L E M E N T 7

AQP4, aquaporin 4; BBB, blood brain barrier; NMOSD, neuromyelitis optcia spectrum disorder; WBC, white blood cell.

1. Emlen W, et al. Semin Thromb Hemost. 2010;36(6):660-668.  2. Dunkelberger JR, Song WC. Cell Res. 2010;20(1):34-50. 3. Hill A, et al.Blood. 2013;121(25):4985-4996. 4.Piatek P, et 

al. Front Immunol. 2018;9:1694. 5. Dutra BG, et al. Radiographics. 2018;38(1):169-193. 6. Noris M, et al. Nat RevNephrol. 2012;8:622-633. 7. Walport MJ. N Engl J Med. 

2001;344(14):1058-1066. 8. . Rother RP, et al. Nat Biotechnol. 2007;25(11):1256-1264.

Inflammation Direct cell lysis



I N T R O D U C T I O N

Eculizumab inhibits terminal complement1-6

• Inflammation

• Direct cell lysis

• Immune complexclearance

• Microbialopsonization

• Inflammation

K E Y  F U N C T I O N S  O F  
T E R M I N A L  C O M P L E M E N T 7 - 8

K E Y  F U N C T I O N S  O F  
P R O X I M A L  C O M P L E M E N T 7

AQP4, aquaporin 4; BBB, blood brain barrier; NMOSD, neuromyelitis optcia spectrum disorder; WBC, white blood cell.

1. Emlen W, et al. Semin Thromb Hemost. 2010;36(6):660-668.  2. Dunkelberger JR, Song WC. Cell Res. 2010;20(1):34-50. 3. Hill A, et al.Blood. 2013;121(25):4985-4996. 4.Piatek P, et 

al. Front Immunol. 2018;9:1694. 5. Dutra BG, et al. Radiographics. 2018;38(1):169-193. 6. Noris M, et al. Nat RevNephrol. 2012;8:622-633. 7. Walport MJ. N Engl J Med. 

2001;344(14):1058-1066. 8. . Rother RP, et al. Nat Biotechnol. 2007;25(11):1256-1264.

Eculizumab

Inflammation Direct cell lysis



Tugizova et al, 2021



B Cell Maturation with Key Focus in Antibody-Secreting Cells

CD19 is expressed on the surfaces of B cells as they mature into plasmablasts

AQP4 IgG
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Stem 
cell

Pro–B cell Pre–B cell
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Naïve
B cell
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memory-, 

B cell
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Bone Marrow PeripheryBone Marrow Bone Marrow

CD19 Expression

CD20 Expression*

Ig, immunoglobulin. CD19, cluster of differentiation 19; CD20, cluster of differentiation 20; IgD, immunoglobulin D; IgG, immunoglobulin G; IgM, immunoglobulin M.
This modified image is used under a Creative Commons International CC BY 4.0 License specific to the article published by BioMed Central Ltd/Springer Nature Ltd: Blüml S et al. B-cell targeted therapeutics in clinical development. Arthritis Res Ther. 2013;15 suppl 1(suppl 1):S4. doi: 10.1186/ar3906
1. Schuh et al. J Immunol, 2016; 197(4):1111-7

*3-5% of circulating T cell also express CD201

IL-6



CD19-expressing plasmablasts/plasma cells:

• Increased in the periphery in patients 

with NMOSD1

• Increase in frequency during NMOSD 

relapse1,2

• Produce AQP4 autoantibodies1,3

Inebilizumab Depletes Biologically-Relevant B Cells

AQP4, aquaporin-4; CNS, central nervous system; IgG, immunoglobulin G; NMOSD, neuromyelitis optica spectrum disorder; IL, interleukin-6.
1. Chihara N et al. Proc Natl Acad Sci U S A. 2011 Mar 1;108(9):3701-6. 2. Chihara N et al. PLoS One. 2013 Dec 10;8(12):e83036. 3. Wilson R et al. Brain. 2018 Apr 1;141(4):1063-1074.

IL-6

AQP4-IgG 

production

Plasmablast

AQP4-IgG entry 

into CNS2
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IL-6 is thought to be a central mediator in the pathogenesis of NMOSD



CSF and serum IL-6 concentrations are significantly elevated in 
patients with active NMOSD, but not in patients with MS



Satralizumab overview: A humanised, IgG2, monoclonal recycling 
antibody that targets the IL-6 receptor



Satralizumab binds to IL-6R in a pH-dependent manner, which 
prolongs its plasma persistence and facilitates antibody binding to 

antigen multiple times



P H A S E 3 B A S E L I N E  C H A R A C T E R I S T I C S

Soliris

Ph3 PREVENT trial

(+/- IST)

Inebilizumab

Ph3 N-MOmentum trial

(Monotherapy)

Satralizumab

Ph3 SAkuraSky trial

(+IST)

Ph3 SAkuraStar trial

(Monotherapy)

Dose

900 mg every 

week for 4 weeks.

At week 5, 1200 

mg  every 2 weeks

Placebo

300 mg, Least frequent 

(every 6 months) Day 1, 

15, and every 6 months 

(+corticosteroid

for first 3 weeks)

Placebo

120 mg + IST; 

Week 0, 2, 4, 

and Q4W after

Placebo

+ IST

120 mg; Week 0, 

2, 4, and Q4W 

after

Placebo

Number of 

patients
96 47 175 56 41 42 63 32

Trial Design
Randomized,, double-blind, placebo-controlled, 

time-to-event trial

Randomized; parallel assignment; quadruple masked; 

placebo-controlled
Randomized; parallel assignment; double blinded; placebo-controlled

Inclusion 

Criteria

• NMO or NMOSD diagnosis 

(2006 or 2007 criteria, respectively)

• Relapses:

– ≥ 2 relapses during previous 12 months

– 3 during previous 24 months (with ≥ 1 

within previous 12 months)

• EDSS ≤7

• Age ≥18 years

• Patients receiving ISTs for relapse 

prevention eligible if receiving stable-dose 

regimens

• AQP4-IgG+/- NMOSD/NMO

• ≥1 attack requiring rescue therapy in the last year or 

2 attacks requiring rescue therapy in the last 2 years

• EDSS ≤7.5 (8 in special circumstances)

• Age ≥18 years

• AQP4-IgG+/- NMOSD/NMO 

• ≥2 relapses in last 2 years, 

including first attack (at least 1 

relapse in last year) 

• EDSS ≤6.5

• Age 12-74 years

• Stable dose for 8 weeks prior to 

baseline of AZA/MMF/OCS for 

18+ years, or AZ+OCS/ 

MMF+OCS for 12-17 years.

• AQP4-IgG+/- NMOSD/NMO

• ≥1 relapse in previous 12 months, 

including first attack

• EDSS ≤6.5

• Age 18-74 years

ARR 1.94 2.07 1.7 1.6 1.5 1.4 1.4 1.5

EDSS 4 4 3.8 4.2 3.83 3.63 3.9 3.7

AQP4+ 100% 100% 92% 93% 66% 67% 65% 72%

Cree B et al. Lancet. 2019 Oct 12;394(10206):1352-1363.

Pittock SJ, et al. N Engl J Med. 2019;381(7):614-625. 

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

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

https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://clinicaltrials.gov/ct2/show/NCT02028884
https://clinicaltrials.gov/ct2/show/NCT02073279


P H A S E 3 R E S U LT S  E F F I C A C Y C O M PA R I S O N

Soliris

Ph3 PREVENT trial

(+/- IST)

Inebilizumab

Ph3 N-MOmentum trial

(Monotherapy)

Satralizumab

Ph3 SAkuraSky trial

(+IST)

Ph3 SAkuraStar trial

(Monotherapy)

Dose

900 mg every week 

for 4 weeks.

At week 5, 1200 mg  

every 2 weeks

Placebo

300 mg, Least frequent 

(every 6 months) Day 1, 

15, and every 6 months 

(+corticosteroid

for first 3 weeks)

Placebo

120 mg + IST; 

Week 0, 2, 4, and 

Q4W after

Placebo

+ IST

120 mg; Week 0, 

2, 4, and Q4W 

after

Placebo

Primary Endpoint Time To First Adjudicated On-Trial Relapse
Time to determined NMOSD attack during RCP 

[(Day 1 (Baseline) through Day 197 ]
Time to 1st protocol-defined relapse in the DB period (up to approx. 30 months)

Key Secondary 

Endpoints

Safety endpoints; Adjudicated On-Trial ARR; 

Changes in scores between baseline and 

trial end: EDSS score, -mRS score, HAI 

index, EQ-5D-3L index; VAS scale

EDSS score; Visual Acuity; MRI Lesions; 

NMOSD-related hospitalizations; NMOSD 

Attack Rate; Safety and PK endpoints; 

Participants with ADA 

VAS Pain; FACIT; Relapse-free rate; ARR; EQ-5D Index; SF-36 domain scores; 

mRS Score; ZBI Score; EDSS Score; Visual Acuity; Safety and PK/PD endpoints; 

Participants with ADA; T25W (SAkuraStar)

Efficacy in AQP4+ pts

Relapse risk 

reduction
94,2% 77% 79% 74%

% relapse free

48 weeks – 97,8%

72 weeks – 96,4%

96 weeks – 96,4%

48 weeks – 63.2%

72 weeks – 56.2%

96 weeks – 51.9%

28 weeks – 89%

52 weeks – 87%

208 weeks – 83%

28 weeks – 58%

48 weeks – 92%

96 weeks – 92%

144 weeks – 85%

48 weeks – 60%

96 weeks – 53%

144 weeks – 53%

48 weeks – 83%

96 weeks – 77%

144 weeks – 77%

48 weeks – 55%

96 weeks – 41%

144 weeks – 41%

Cree B et al. Lancet. 2019 Oct 12;394(10206):1352-1363.

Pittock SJ, et al. N Engl J Med. 2019;381(7):614-625. 

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

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

https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://clinicaltrials.gov/ct2/show/NCT02028884
https://clinicaltrials.gov/ct2/show/NCT02073279
https://clinicaltrials.gov/ct2/show/NCT02073279


P H A S E 3 R E S U LT S  S A F E T Y C O M PA R I S O N

Soliris

Ph3 PREVENT trial

(+/- IST)

Inebilizumab

Ph3 N-MOmentum trial

(Monotherapy)

Satralizumab

Ph3 SAkuraSky trial

(+IST)

Ph3 SAkuraStar trial

(Monotherapy)

Safety

Dose

900 mg every week 

for 4 weeks.

At week 5, 1200 mg  

every 2 weeks

Placebo

300 mg, Least frequent 

(every 6 months) Day 1, 

15, and every 6 months 

(+corticosteroid

for first 3 weeks)

Placebo

120 mg + IST; Week 

0, 2, 4, and Q4W 

after

Placebo

+ IST

120 mg; Week 0, 

2, 4, and Q4W 

after

Placebo

Any AE 92% 91% 72% 73% 90% 95% 92% 75%

Any SAE 26% 28% 5% 9% 17% 21% 19% 16%

Urinary tract 

infection
14% 21% 12% 9% 17% 17% 18% 25%

Headache 23% 23% 8% 7% 24% 10% 16% 13%

Overall Safety1

Meningococcal infection (Black box)

Systemic infection risk

Infusion reactions

Infusion reactions

Infection risk

Hypogammaglobinemia

Fetal risk

Infection risk2

Elevated ALT/AST levels

Decreased neutrophil counts

Cree B et al. Lancet. 2019 Oct 12;394(10206):1352-1363.

Pittock SJ, et al. N Engl J Med. 2019;381(7):614-625. 

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

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

https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://www.clinicaltrials.gov/ct2/show/NCT02200770
https://clinicaltrials.gov/ct2/show/NCT02028884
https://clinicaltrials.gov/ct2/show/NCT02073279
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R I S K  O F  H B V  I N F E C T I O N  R E A C T I VAT I O N

Winthrop et al. Clin Microbiol Infect. 2018 Jun;24 Suppl 2:S21-S40. 



Adapted from Ogawa et al. Infect Dis Clin North Am. 2020 Jun;34(2):341-358. 

R I S K  O F  H B V  R E A C T I VAT I O N S

---x---

---x---

---x---

---x---

---x---

---x---
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Switching drugs:

- In case of treatment failure with classical immunosuppressive therapies, therapy should be switched to 

a monoclonal antibody. 

- In case of treatment failure with a monoclonal antibody, therapy should be switched to another 

monoclonal antibody, preferably with a diferent mode of action

- The interval between therapies should be as short as possible 

- When switching immunotherapy, bridging therapy with low-dose oral glucocorticoids should be 

performed for up to 3–6 months, depending on the mode and onset of action of the subsequent therapy, 

duration of action of the previous therapy, disease activity, comorbidities, and side effects

L O N G - T E R M  I M M U N O T H E R A P Y:  S W I T C H I N G  A N D  D U R AT I O N

Duration  

• Immunotherapy should be continued in stable AQP4-IgG-positive NMOSD patients and patients must be 

closely monitored if treatment is temporarily or permanently discontinued due to side effects or patient 

choice. 

• In double-negative NMOSD patients who have been stable for over 5 years, re-evaluation of 

immunotherapy may be considered (expert opinion). 

• Research studies should focus on investigating the signifcance of seroreversion to seronegativity, which 

remains unknown to date
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L O N G - T E R M  I M M U N O T H E R A P Y





• Research studies should focus on unveiling the 

significance of “true” double-negative NMOSD, which 

remains unknown to date.

• Long-term immunotherapy in double-negative NMOSD 

should be initiated after a second attack or after a 

severe first attack.

• In case of therapy failure with rituximab, a combination 

therapy, tocilizumab, or other experimental therapies 

may be considered

Kumpfel et al, 2023; Marignier et al 2021

Long-term immunotherapy in Double-negative NMOSD patients



• Pregnancy should be planned during a stable phase of the disease

• Teratogenic drugs such as mycophenolate mofetil or methotrexate should be avoided in patients 

of childbearing age and must be replaced with safer options prior to pregnancy

• Long-term immunotherapy should not be discontinued or postponed for the desire to become 

pregnant

• Monoclonal antibodies (eculizumab/ravulizumab, rituximab, tocilizumab) or azathioprine should 

be continued during pregnancy

• If exposure to anti-B-cell-directed drugs occurs during pregnancy, lymphocyte and B-cell count 

testing in the newborn (umbilical cord blood) should be performed

• If monoclonal antibodies are continued during pregnancy, the timing of live attenuated 

vaccinations must be discussed with pediatricians and carefully planned

• In case of treatment interruption during pregnancy, long-term immunotherapy should be resumed 

shortly after delivery

Long-term immunotherapy: family planning and pregnancy



• Four therapies, eculizumab, inebilizumab, and satralizumab and most recently ravulizumab
have been approved for use in AQP4-IgG-positive NMOSD since 2019. Rituximab was also 
approved for NMOSD in Japan in 2022 following the positive results of the placebo-controlled 
RIN-1 trial . 

• The order of preference for these therapies is yet unclear, and further comparative trials and 
real-world data are needed

• The efficacy of therapeutic antibodies in treating AQP4-IgGpositive NMOSD is superior to 
classical immunosuppressants and makes them the drugs of choice

• No head-to-head studies between monoclonal antibodies, including rituximab, have been 
conducted to date. 

• A network meta-analysis on the RCT data of eculizumab, inebilizumab and satralizumab, with 
time to a first attack as the efficacy outcome, suggests that complement inhibition with 
eculizumab may be more effective in preventing NMOSD attacks than treatment with 
inebilizumab or satralizumab.

Conclusions



• The choice of first-line treatments for NMOSD has to rely on several factors, which include 
disease activity and severity, mode and onset of action, possibility to combine it with 
immunosuppressive drugs, effect on autoimmune and other comorbidities, gender (“family 
planning”), frequency and route of drug administration (intravenous vs. s. c.), side effects 
and safety profile, as well as drug availability and regulatory approval status

• Age is another important factor to consider. Satralizumab is the only drug that is approved for 
adolescents (≥12 years). 

• When choosing immunotherapy in elderly NMOSD  patients, immunosenescence and the higher 
risk of comorbidities and infections should be considered. 

Conclusions


