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Off-label therapy discussion

Methylprednisolone, plasma exchange,azathioprine, mycophenolate 
mofetil, mitoxantrone, rituximab, intravenous immune globulin, 
cyclophosphamide, and other immunological therapies for treatment 
of NMOSD



Agenda

▪ Therapy

• Acute attack   

• Prevention of attacks 

• New agents in clinical trials 

• DMDs to avoid

▪ Pregnancy recommendation 

▪ MOG-related disease 

▪ Symptomatic treatment  



Immunology of NMO

Davoudi et al 2016



Acute attack treatment

▪ Intravenous methylprednisolone
• 1g for 5 days 
• Second course can be considered if PLEX is contraindicated
• Gradual tapering off over a 6–12 month period.

▪ PLEX
• 5–7 exchanges every other day
• Considered as a first measure

• Severe attack
• Refractory or known to be resistant to IVMP

▪ IVIG 
• Very limited effect                         ( Jacob et al, 2012)



Kleiter et, Annals of Neurology2016



Shosha et al, Neurology 2018



Other - potential adjunctive acute therapies

▪ Cell-depleting therapies

• Rituximab                                (Kimbrough et al, 2012)  

• Cyclophosphamide (Greenberg, Thomas et al. 2007)

▪ Uncontrolled observational studies

• Cetirizine (antihistamine)                 (Zhang et al, 2013 )          

• Bevacizumab (anti-vascular endothelial growth factor (VEGF) )     (Mealy et al, 2015)



Preventive Therapy

ARR/ EDSS

2.1 to 0.60
Bichuetti et al(2010)

Stable EDSS

1.29 to 0.09
(Jacob, Matiello et 
al. 2009).

Stable EDSS

2.6 to 0.0
Cree et al (2005)

Stable or 
improved EDSS



IG depletion with Rituximab

▪ Recurrent infections associated with Ig depletion

▪ Sinopulmonary and urinary tract

▪ Consider IgG(mg/dl) repletion with IVIG

• < 150: replace

• 150-300: usually replace, especially if clearly documented history of recurrent infections

• 300-500: heavily dependent on infection history; may use responses to vaccines to judge

• > 500: rarely needs replacement

▪ Dosage:

• IVIG 400 mg/kg every 4 weeks to start

• After 3 doses check IgG trough and adjust to get IgG >800-1000



Preventive Therapy

ARR/EDSS

1.48 to 0.49
(Watanabe, 
Misu et al. 2007

EDSS stable

1.39 to 0.18
Minagar et 
al,(2000)

EDSS stable

2.8 to 0.7
Weinstock-
Guttman et al 
(2006).

EDSS 5.8 to 
4.4



Emerging NMO Therapies

Eculizumab

( Anti C5 monoclonal 

antibody)

• Blocking CDCC

• 14 patients

• 1-4 to 0 relapses

• EDSS improvement

• 5 patients had 8 attacks 

after withdrwal

• One had meningitis

• PREVENT  trial ( 

reduce risk of relapses 

by 94.2% compared to 

placebo)

Inebilizumab

(MEDI-551) Satralizumab

(Sakura Sky)

• Additional therapy

• 62% risk reduction

• No effect on pain or fatigue

• Injection reaction

• No difference in infections or 

malignancy

• Zero deaths and 

anaphylactic reactions

• Monotherapy trial (on going)

M. C. Papadopoulos, Rev Neurol 2014



Emerging NMO Therapies

Aquaporumab

• Competitive 

Inhibitors of NMO 

IgG Fc portion

Bevacizumab

• Reduce BBB 

opening in 

NMO

Bortezomib

• Selective inhibitor of 

the 26S proteasome 

subunit

• Depletes long-lived 

plasma cells (unlike anti-

CD20)

Sivelestat

M. C. Papadopoulos, Rev Neurol 2014

Katz et al, 2018



M. C. Papadopoulos, Rev Neurol 2014



M. C. Papadopoulos, Rev Neurol 2014



Drugs to avoid

• INF (Shimuzu et al, 2010, Okada et al 2010)

• Natalizumab (Kleiter et al, 2012)

• DMF      (Popiel et al, 2018)                    

• Alemtuzumab (Gelfland, et al 2014)

• Fingolimod (Min et al, 2012)



Pregnancy recommendation

▪ Acute relapse

• IVMP: avoid repeated courses.

• PLEX: 

• IVIG: risk of low birth weight/ monthly doses as maintainace

Shosha et al, MSJ 2018



Azathioprine: 

▪ Continue; alone or with small dose of steroid. 

▪ Leukocyte evaluation

• Leukocyte count monitored every 1-2 weeks 

• Halve dose at 32 week, if leukocyte <8.6 X 10(9)/l) so as not to affect fetal haemopoiesis

Shosha et al, MSJ 2018



Rituximab:

▪ B-cell depletion persists approximately 9-12 months

• For planned pregnancy:

• Two doses of 1000 mg IV separated by 2 weeks 

• Consider single 1000 mg IV dose if B cell already depleted

• For unintended pregnancies:

• Consider remaining duration of effect

• Decide based on recent NMOSD activity

Shosha et al, MSJ 2018



Pregnancy recommendation

▪ Immunosuppresive therapy

• MMF: stop it 6 weeks prior conception

• use reliable contraceptive methods

• MTX: stop it 3 months prior conception

Shosha et al, MSJ 2018



MOG-Associated Disease

▪ Corticosteroid and PLEX-responsive

• IVMP followed by oral corticosteroids

• PLEX for more severe/refractory attacks

▪ Prolonged corticosteroid treatment after first attack associated with lower relapse 
risk

• Prednisone >20mg/d

• Continue treatment for 3-6 months

▪ Who requires treatment?
• Established relapsing disease

• Persistent MOG-IgG antibodies beyond 6 months?



Symptomatic treatment

• Spasticity

• Urinary retention/ incontinence

• Fatigue

• Depression

• Cognitive Dysfunction

• Neuropathic pain





Factors affecting treatment of relapse

• Age less than 40

• IVMP vs PLEX

• Shorter disease duration

• Complete vs partial remission



Can we stop IS?



GA

• Effective in two patients
• [Bergamaschi et al. 2003].

• Gartzen et al.2007].









Autologous HSCT



Drugs umask NMOSD

• Navolumab in non-small cell lung CA

• Ipilimumab in metastatic melanoma




