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Abstract: Background: Neuromyelitis Optica Spectrum Disorder (NMOSD) is a chronic autoim-
mune disease of the central nervous system that causes recurrent attacks of optic neuritis, myelitis, 
and brainstem symptoms, resulting in severe neurological disability. Preventive treatment with im-
munosuppressive agents reduces relapse rate and improves long-term prognosis. In recent years, the 
potential therapeutical effect of new agents has been investigated. Two of these, the anti-interleukin 
6 (IL-6) agents tocilizumab and satralizumab, have been studied in active NMOSD. 

Objective: To systematically review the current data regarding the efficacy and safety of anti-IL-6 
agents in NMOSD. 

Results: Fourteen case reports and 5 case series of intravenous tocilizumab have shown beneficial 
clinical and paraclinical effects compared to commonly used therapies, and another case series of 
subcutaneous tocilizumab has shown it is as effective as the IV formulation. A phase 2 comparative 
trial has shown tocilizumab IV to be more effective than azathioprine for relapse prevention. A 
phase 3 trial of subcutaneous satralizumab versus placebo, has shown a lower risk of relapse in the 
sartralizumab-treated group, both as add-on therapy to stable immunosuppressant and as monother-
apy. Tocilizumab also reduced pain severity in two trials and fatigue scores in one trial, but satrali-
zumab did not significantly improve pain and fatigue. Adverse events with both agents were rela-
tively mild and comparable to placebo and azathioprine. 

Conclusion: The anti-Il-6 agents tocilizumab and satralizumab show promising results in active 
NMOSD. 

Further randomized, larger-scale trials are needed to better define the role of these agents in the 
growing arsenal of NMOSD treatments. 

Keywords: NMOSD, MOG-antibody disease, treatment, efficacy, safety, interleukin-6, anti-IL-6 receptor; tocilizumab,  
satralizumab. 

1. INTRODUCTION 

 Neuromyelitis optica spectrum disorder (NMOSD) is a 
chronic autoimmune disease of the central nervous system 
(CNS) that typically manifests with recurrent episodes of 
optic neuritis (ON), longitudinally extensive transverse mye-
litis (LETM) and area postrema syndrome, while less typical 
manifestations include brainstem and cerebellar syndromes, 
narcolepsy and diencephalic syndromes, and cerebral syn-
dromes [1-5]. The term “neuromyelitis optica” was first used 
by Devic already in 1894 [6], and the clinical condition has  
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also been described as “optic spinal multiple sclerosis" as 
there was disagreement, whether it was a subtype of multiple 
sclerosis (MS) [7, 8]. Only in 2004, with the discovery of an 
autoantibody directed against the astrocytic aquaporin 4 
(AQP4) water channel present in the serum of approximately 
80% of patients, has NMO been considered a distinct clini-
copathological entity [8-10]. Further advances in diagnostic 
procedures have enabled to identify a subgroup of patients 
with a similar clinical phenotype who harbor a different 
autoantibody, directed against the myelin oligodendrocyte 
glycoprotein (MOG) [8, 11-13]. While AQP4- and MOG-
positive patients share several clinical and radiological fea-
tures, there are also distinctive clinical, radiological, and 
socio-epidemiological features between the two groups [14-
22], which have led several authors to consider them as sepa-
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rate nosological entities [23-25]. However, according to the 
international consensus diagnostic criteria of NMOSD, both 
AQP4- and MOG-positive patients can be classified under 
the definition of NMOSD when fulfilling the required clini-
cal and radiological characteristics [26]. 

 NMOSD typically follows a relapsing course, character-
ized by recurrent severe attacks leading to accrual neurologi-
cal disability [2, 3, 27]. Therefore, immunosuppressive 
treatment aimed to prevent further attacks is strongly rec-
ommended [2, 8, 24, 27-36]. The commonly used medica-
tions include oral corticosteroids (CS), azathioprine(AZA), 
mycophenolate mofetil (MMF), and rituximab (RTX). In the 
past years, new therapeutic strategies have been developed, 
aiming at targeting specific components of the immunologic 
cascade responsible for the inflammatory process of 
NMOSD. The most novel therapies in this category include 
monoclonal antibodies against the CD19 B cell antigen, the 
C5 complement protein, and the interleukin-6 (IL-6) receptor 
[27, 34-36]. 

 IL-6 is a cytokine involved in the mediation of inflamma-
tory and immune-mediated responses. IL-6 generally exerts a 
pro-inflammatory effect, especially during chronic inflam-
matory conditions such as collagen-induced arthritis [37] and 
murine colitis [38], where it is involved in modulating spe-
cific cellular and humoral immune responses, including B 
lymphocyte differentiation, immunoglobulin secretion and T 
cell activation [39]. In the central nervous system (CNS), IL-
6 levels are increased in experimental autoimmune encepha-
lomyelitis (EAE), an animal model of autoimmune inflam-
matory disease [40]. Although EAE has for long been con-
sidered a model of multiple sclerosis [41, 42], one of the 
auto-antigens used for its induction is MOG [42-45], and 
many of its clinical and pathological features, such as the 
predilection for the optic nerve and spinal cord, are more 
similar to MOG/NMOSD than multiple sclerosis [14, 44]. 

 Over recent years, there is growing evidence for a role of 
the IL-6 signaling pathway in the pathogenesis of NMOSD. 
These include both in vitro evidence of decreased blood-
brain barrier function, increased chemokine production and 
enhanced leukocyte migration [46], prolonged survival of 
AQP4 antibody-secreting cells and increased AQP4 antibody 
production by IL-6 [47-49], and in vivo evidence of in-
creased serum and CSF IL-6 levels, particularly during re-
lapses [47, 50-57]. In addition to this data, which supports a 
possible role of IL-6 in the inflammatory activity associated 
with relapses of NMOSD, IL-6 may also have a role in the 
mechanisms involved in pain and fatigue: IL-6 is one of the 
cytokines involved in the initiation of pain process [58]; 
blockade of IL-6 reduces pain in animal models [59, 60]; and 
anti-IL-6 therapy improves fatigue in rheumatoid arthritis 
(RA) [61], another disease where IL-6 has an important 
pathophysiologic role [62]. These observations have paved 
the way for the use of monoclonal antibodies blocking the 
IL-6 receptor in the treatment of NMOSD. 

 Tocilizumab is a humanized monoclonal antibody against 
the IL-6 receptor, which, in its intravenous (IV) formulation, 
is currently approved for the treatment of RA, giant cell ar-
teritis, systemic juvenile idiopathic arthritis, and cytokine 
release syndrome [63-66]. Tocilizumab for subcutaneous 

(SC) administration is approved for RA [67] and giant cell 
arteritis [66]. Satralizumab (also known as SA237) is another 
anti-IL-6 monoclonal antibody, which has been designed 
specifically for the treatment of NMOSD and is administered 
subcutaneously [68]. This review is aimed to systematically 
summarize the currently available information regarding the 
efficacy and safety of these agents in NMOSD. 

2. MATERIALS AND METHODS 

 We searched the current literature concerning anti-IL-6 
therapies in NMOSD using Pubmed, Embase (Ovid), and 
Web of Science databases. Search keywords used include 
Interleukin-6, il-6, anti-interleukin-6, anti-il-6, tocilizumab, 
satralizumab, SA237, neuromyelitis optica, neuromyelitis 
optica spectrum disorder(s), NMOSD, myelin-oligodendrocyte 
glycoprotein, MOG-antibody-associated disease, MOG-
antibody-associated, and MOG-associated. Where possible, 
subject headings for Interleukin-6, tocilizumab, satralizumab, 
myelin-oligodendrocyte glycoprotein, and neuromyelitis 
optica were also included. 

 Searches were performed through December 31, 2019, 
and limited to English language results only. The initial 
search resulted in 1,338 abstracts. When duplicate citations 
were removed, the results decreased to 800 abstracts. Of 
these 800 abstracts, 52 were chosen for full-text screening. 
Of the 52, 25 references were selected for inclusion. 

3. RESULTS 

 Of the 25 publications included in the review, 19 papers 
document the efficacy and safety of tocilizumab in NMOSD 
– 12 case reports [69-80], four retrospective case series of 
tocilizumab IV [81-84], one retrospective case series of to-
cilizumab SC [85], one prospective case series of tocilizu-
mab IV [86], and 1 phase 2 clinical trial of tocilizumab IV 
(TANGO study) [87]. Updated data from 2 case series [83, 
86] reporting data on additional patients not previously re-
ported, have been recently published and considered in this 
review as well [88, 89]. 

 Of the 12 case reports of tocilizumab in NMOSD, 11 are 
documenting treatment outcomes in AQP4+ patients [69-77, 
79, 80], and 1 in seronegative patient [78]. Except for 2 case 
reports of tocilizumab therapy in pediatric patients [73, 75], 
all other studies document treatment outcomes in adults. The 
TANGO study is a randomized comparative trial of tocili-
zumab versus azathioprine in highly active NMOSD, where 
the primary endpoint is time to first relapse following the 
study initiation. The final results of this study have not been 
published yet, but interim analysis has been presented [87]. 

 Two case reports [90, 91] and two retrospective case se-
ries [85, 89] report efficacy and safety data of tocilizumab in 
MOG-positive patients. Although the two MOG-positive 
case reports were diagnosed as MOG-associated optic neuri-
tis [90] and MOG-antibody spectrum disorder [91], review 
of these cases revealed both patients fulfill the diagnostic 
criteria of NMOSD without AQP4 antibodies, as they had at 
least 2 of the clinical characteristics as required by the inter-
national consensus diagnostic criteria [26]. Therefore, we 
considered these cases as MOG+ NMOSD. 
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 The safety and efficacy of satralizumab in NMOSD were 
evaluated in two randomized, double-blind, placebo-control 
trials. In the SAKuraSky study, sartralizumab was adminis-
tered as an add-on treatment to baseline immunosuppressive 
therapies that included oral corticosteroids, azathioprine, and 
mycophenolate mofetil [92, 93]. In contrast, in the SAKu-
raStar study, satralizuamb was administered as monotherapy. 
The latter study is currently still underway, but interim data 
has been presented [94]. 

 In all cases, both tocilizumab and satralizumab were ad-
ministered in the context of highly- active disease after sev-
eral prior immunosuppressive therapies failed to suppress 
disease activity. 

The primary efficacy and safety data of both drugs are sum-
marized in Table 1. 

3.1. Anti-Il-6 Effect on Relapse Rate 
 Tocilizumab significantly reduced the annual relapse rate 
(ARR) in all studies. Among the 12 case reports of tocilizu-
mab therapy in NMOSD, one patient had a minor relapse 

[69], one patient had two relapses [79], and no relapses were 
reported in the other 10 cases [70-78, 80] (Table 1). A sig-
nificant reduction in annualized relapse rate (ARR) is docu-
mented in 5 case series of tocilizumab in NMOSD: Ayzen-
berg et al. report median ARR of 3 (range 2.3-3) before to-
cilizumab and 0.6(range 0-1.3) after treatment in three AQP4+ 
patients during a median follow up time of 18 months [81]; 
Araki et al. report mean ARR of 2.9 ±1.1 before tocilizumab 
and 0.4± 0.8 after treatment in seven AQP4+ patients during a 
1-year follow-up [86]; Ringelstein et al. report median ARR 
of 4 (interquartile range 5-3) before tocilizumab treatment and 
0.4 (interquartile range 0.8-0) after treatment in eight AQP4+ 
patients during a mean follow up of 30.9±15.9 months [83]; 
Carreon Guarnizo et al. report median ARR of 1.8 ± 1.3 be-
fore treatment and 0.2 ± 0.4 after treatment in five NMOSD 
patients (two AQP4+, three double seronegative) during 
2.3±1 years of follow up [82]; Lotan et al. found a similar 
reduction in ARR with the subcutaneous formulation of to-
cilizumab [from a median of 2 (interquartile range =4.0-
0.25) before treatment to 0 (interquartile range =1.75-0) after 
treatment] in 12 patients (seven AQP4+, two MOG+ and 

 

Fig. (1). Illustrates a flow chart of the papers- selection process for this review. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article). 
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Table 1. Summary of efficacy and safety data in NMOSD and MOG-associated antibody disease. 

Author 
(Year of 

Publication)  

Study 
Design 

Number of 
Participants 

Diagnosis  Treatment 
Protocol  

Treatment 
Duration 

Main Efficacy Outcomes Adverse Events 
and Safety 
Outcomes 

Araki et al. 
(2013) 

Case report 1 AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

6 months One minor relapse; improved 
EDSS from 3.5 to 2; improved 
pain; no change in brain and 
spinal MRI findings; reduced 

AQP4 Ab titers 

↓ systolic BP; 
Lymphocy-

topenia; 
enteritis; URI  

Kieseier  
et al. (2013) 

Case report 1 AQP4 + NMOSD TCZ IV 
8 mg/kg q4W 

16 months No relapses; improved EDSS 
from 6 to 2.5; no new or en-
hanced MRI lesions; reduced 

intrathecal IL-6 levels 

None 

Lauenstein  
et al. (2014) 

Case report 1 AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

1 year No relapses; improved EDSS 
from 9 to 2.5; decreased spinal 
cord abnormal signal on MRI; 

decreased AQP4 Ab titers 

None  

Harmel et al. 
(2014) 

Case report 1 AQP4 + NMOSD TCZ IV 
8 mg/kg q4W 

1 year No relapses; mild improvement 
id EDSS (from 9.0 to 8.0); 

decreased tumefactive lesion 
on brain MRI; AQP4 Ab titers 

persistently high  

None  

Komai et al. 
(2016) 

Case report 1 AQP4 + NMOSD TCZ IV 
8 mg/kg q4W 

120 days No relapses; improved EDSS 
from 8.5 to 6; reduced AQP4 

Ab titers 

None  

Marino et al. 
(2017) 

Case report 1 AQP4 + NMOSD TCZ IV 
7 mg/kg q4W 

3 years  No relapses None  

Meinl et al. 
(2018) 

Case report 1 AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

6 months 2 relapses Grade 2 granu-
locytopenia 

associated with 
bladder and 

bronchial infec-
tions 

Mancinelli  
et al. (2018) 

Case report 1 AQP4 + NMOSD TCZ IV 
8 mg/kg q4W 

12 months No relapses; No new MRI 
activity 

None  

Breu et al. 
(2019) 

Case report 2 AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

18-36 
months 

No relapses; no new MRI 
lesions; persistently high 

AQP4 ab titers  

None 

Capobianco 
et al. (2019) 

Case report 1 AQP4 + NMOSD TCZ IV 
8 mg/kg q4W 

36 months  
*TCZ ad-
ministered 

during 
pregnancy 

No relapses; no MRI activity None  

Siwoski et al. 
(2019) 

Case report 1 AQP4 + NMOSD Not reported 6 months No relapses; mild improvement 
in neurological function 

Worsened mi-
graine 

Hayward-
Koennecke  
et al. (2019) 

Case report 1 MOG-associated 
optic neuritis 

TCZ IV  
8 mg/kg q2-

6W 

4.5 years No relapses; stable MRI None 

Novi et al. 
(2019) 

Case report 1 MOG-antibody 
spectrum disorder 

TCZ IV 
8 mg/kg q4W 

24 months No relapses; improved spinal 
MRI lesions  

None 

(Table 1) contd…. 
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Author 
(Year of 

Publication)  

Study 
Design 

Number of 
Participants 

Diagnosis  Treatment 
Protocol  

Treatment 
Duration 

Main Efficacy Out-
comes 

Adverse Events and 
Safety Outcomes 

Meca-
Lallana et al. 

(2017) 

Case report 1 Double -
Seronegative 

NMODS 

TCZ IV 
8 mg/kg q4W 

3 months No relapses; No new 
MRI lesions 

None  

Ayzenberg  
et al. (2013) 

Case series 3 AQP4 + NMOSD TCZ IV 
6mg\kg q4-

6W 

18 months 
(median) 

Median ARR decreased 
from 3 (range 2.3-3) to 
0.6(range 0-1.3); EDSS 
improved in one patient 
and remained stable in 
two; no new or enhanc-

ing MRI lesions 

UTI (n=1); 
mild oral mucositis 

(n=1) 

Araki et al. 
(2014) 

Case series 7 AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

1 year	
   Mean ARR decreased 
from 2.9 ±1.1 to 0.4± 
0.8; EDSS score de-

creased from 5.1± 1.7 
(range, 3.0–6.5) to 4.1± 

1.6 (range, 2.0–6.0); 
improved pain and fa-

tigue; no new or enhanc-
ing MRI lesions; reduced 

AQP4 Ab titers 

URI (n=2);  
acute enterocolitis 

(n=2); 
acute pyelonephritis 

(n=1); 
leukocytopenia and/or 

lymphocytopenia(n=3); 
anemia (n=2); 

↓ systolic BP (n=1) 

Ringelstein  
et al. (2015) 

Case series 8 AQP4 + NMOSD TCZ IV 
6-8 mg/kg 

q4W 

30.9±15.9 
months 
(mean) 

Median ARR decreased 
from 4 (interquartile 

range 5-3) to 
0.4(interquartile range 

0.8-0); Mean EDSS 
improved from 7.3 (in-

terquartile range 8.4-5.4) 
to 5.5 (interquartile 

range 6.5-2.6); Improved 
MRI, AQP4 Ab titers 

and pain level 

Elevated cholesterol 
levels(N=6); 

mild postinfusion nau-
sea (n = 1);  

transient gastritis  
(n = 1); 

transient diarrhea  
(n = 1); 

headache (n = 1); 
fatigue (n = 2); 

recurrent UTI (n = 3); 
DVT (N=1);  

Leukopenia or neutro-
penia (N=2); 

mild increase in liver 
enzymes (N=3) 

Carreon 
Guarnizo  

et al. (2019) 

Case series 5 AQP4 + NMOSD 
(N=2); double-
seronegative 

NMOSD (N=3) 

TCZ IV  
8 mg/kg q4W 

2.3±1years Reduced mean ARR 
from 1.8 ± 1.3 to 0.2 ± 

0.4; no significant 
change in EDSS; no new 

or enhancing MRI le-
sions 

Neutropenia (N=1);  
Recurrent UTI (N=1) 

Araki M. 
(2019) 

Case series 19 (including 
previously 
reported 7 
patients) 

AQP4 + NMOSD TCZ IV  
8 mg/kg q4W 

Up to 6 
years and 8 
months; > 
1 year in 

15 patients  

Decreased number of 
relapses in all patients; 
10 patients relapse-free; 

decreased ARR from 
2.2±1.1 to 0.3±0.7 in the 
15 patients treated for >1 

year; decreased EDSS 
from 4.5±1.8 to 3.8±1.4; 

improved pain and fa-
tigue scores; decreased 

AQP4 Ab titers 

Iron-deficiency anemia 
(N=4) 

(Table 1) contd…. 



Anti-IL-6 Therapies for Neuromyelitis Optica Spectrum Disorders Current Neuropharmacology, 2021, Vol. 19, No. 2    225 

Author 
(Year of 

Publication) 

Study 
Design 

Number of 
Participants 

Diagnosis  Treatment 
Protocol  

Treatment 
Duration 

Main Efficacy Outcomes Adverse Events and 
Safety Outcomes 

Dalla costa 
et al. (2019) 

Case 
series 

14 AQP4 + NMOSD 
(N=10); seronega-

tive NMOSD* 
(N=4) 

TCZ IV  
8 mg/kg 

q4W 

Not reported Decreased EDSS from 
6.5±1.3 to 5.5±0.5; No 
new or enhancing MRI 

lesions 

Infusion reaction (N=1); 
Neutropenia (N=2);  

Several infections (other 
data not available)  

Ringelstein 
et al. (2019) 

Case 
series 

45 (including 
previously 
reported 8 
AQP+ pa-

tients) 

AQP4 + NMOSD 
(N=32); seronega-

tive NMOSD 
(N=7); MOG+ 

encephalomyelitis 
(N=6) 

TCZ IV  
6-8 mg/kg 

q4W 
(N=44);  
TCZ SC 
(N=1) 

3-100 
months 

Mean ARR decreased 
from 1.83 to 0.58; mean 

EDSS decreased from 5.2 
to 4.7 

Not reported 

Lotan et al. 
(2019) 

Case 
series 

12 AQP4 + NMOSD 
(N=7); MOG+ 

NMOSD (N=2); 
double-

seronegative 
NMOSD (N=3) 

TCZ SC 162 
mg q1-2W 

31.8±18.8 
months 
(mean) 

The median number of 
relapses decreased from 
2.0 (interquartile range = 

4.0-0.25) in the year 
before TCZ to 0 (inter-

quartile range = 1.75-0) in 
the year after treatment; 

Overall median ARR 
decreased from 2.0 (inter-

quartile range = 5.75-
1.29) before treatment to 
0 ( interquartile range= 
1.0-0) on treatment; am-
bulatory status improved 

in two patients and re-
mained stable in nine; 
AQP-4 and MOG anti-
body titers decreased or 

disappeared in all but one 
AQP4 seropositive pa-
tient; New MRI lesions 

were detected in 1 out of 
10 patients for whom a 

follow-up brain MRI was 
available, and in 2 out of 

9 patients for whom a 
follow-up spinal cord 

MRI was available  

UTI(N=4); 
Elevated cholesterol lev-

els(N=3); 
Skin abscess (N=2); 

Pain at the injection site 
(N=1); 

Neutropenia (N=1) 

Shi et al. 
(2019) 

Phase 2 
com-

parative 
trial of 

TCZ Vs. 
AZA 

118  
(59 in each 
treatment 

arm) 

AQP4 + NMOSD 
(N=103); sero-

negative 
NMOSD* (N=15) 

TCZ IV 8 
mg/kg q4W 
or AZA 2-3 

mg/kg/d 

48 weeks 91.5% relapse-free in the 
tocilizumab group Vs. 

67.8% in the azathioprine 
group; Sustained reduc-

tion in disability was 
more likely among pa-

tients treated with tocili-
zumab than patients with 
azathioprine; Serum lev-
els of anti-AQP4-ab were 
reduced significantly by 
42% with tocilizumab 
compared to 15% with 

azathioprine 

fatigue, skin rash, leuko-
penia or  

elevated liver enzymes 
in 20 patients (34%) re-

ceiving  
tocilizumab 

(Table 1) contd…. 
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Author 
(Year of 

Publication) 

Study De-
sign 

Number of 
Participants 

Diagnosis  Treatment 
Protocol  

Treatment 
Duration 

Main Efficacy Outcomes Adverse Events 
and Safety  
Outcomes 

Yamamura 
et al. (2019) 

Phase 3 
randomized, 
double-blind 

placebo-
controlled 

add-on trial  

83 
(41 in the 

sartralizumab 
group and 42 
in the placebo 

group) 

AQP4 + 
NMOSD 
(N=55); 

seronegative 
NMOSD* 

(N=28) 

Sartralizumab 
SC 120 mg 

q4W 

Median 107.4 
weeks in the 
sartralizumab 

group and 
32.5 weeks in 
the placebo 

group during 
the double-
blind period 

8 patients (20%) in the sar-
tralizumab group had relapse 
vs. 18 patients (43%) in the 

placebo group; 89% and 
78% in the sartralizumab 

group were free of relapses 
at 48 and 96 weeks vs. 66% 

and 59% in the placebo 
group, respectively; ARR 
during the double-blind 

period 0.11 in the sartrali-
zumab group vs. 0.32 in the 

placebo group; 
No significant change in 

pain and fatigue 

Infections (N=28); 
serious infections 

(N=2);  
injected-related 
reaction (N=5);  
Benign thyroid 

neoplasm (N=1); 
Colon adenoma 

(N=1);  
Uterine leiomyoma 

(N=1) 

Traboulsee 
et al. (2019) 

Phase 3 
randomized, 
double-blind 

placebo-
controlled 

monotherapy 
trial 

95 (2:1 ran-
domization to 
sartralizumab 
or placebo) 

AQP4 + 
NMOSD and 
seronegative 

NMOSD* 
(number of 
patients in 
each group 
not avail-

able) 

Sartralizumab 
SC 120 mg 

q4W 

Data not 
available 

sartralizumab monotherapy 
reduced the risk of relapse 

by 55% compared with 
placebo; the proportion of 

relapse-free patients at week 
48 and 96 were 76.1% and 
72.1% in the sartralizumab 

group versus 61.9% and 
51.2% in the placebo group, 

respectively 

A similar propor-
tion of adverse 

events and serious 
infections in the 

sartralizumab and 
placebo group (type 

of adverse events 
and infections not 

available) 

Legend: AQP4-aquaporin 4; MOG-myelin oligodendrocyte glycoprotein; AZA-azathioprine; TCZ-tocilizumab; BP-blood pressure; URI-upper respiratory tract infection; UTI-urinary 
tract infection; DVT-deep vein thrombosis. *indicates that MOG-antibody status is not reported.  

 

three double seronegative) during a mean follow up time of 
31.8±18.8 months [85]. Araki M. has recently reported con-
tinued results from the original 2014 series, comprising an 
additional 12 patients who were not reported previously. Out 
of the 19 patients in this updated series, 15 received tocili-
zumab for more than a year, in whom the ARR decreased 
from 2.2± 1.1 in the year before tocilizumab treatment to 
0.3±0.7 after treatment [88]. Ringelstein et al. have recently 
reported treatment outcomes of tocilizumab among 45 pa-
tients, comprising eight previously reported AQP4+ 
NMOSD patients, and an additional 24 AQP4+ NMOSD, 
seven seronegative NMOSD and six MOG+ encephalomye-
litis. The mean ARR for the entire cohort decreased from 
1.83 to 0.58 [89] (Table 1). 

 No relapses were reported in 4 cases of tocilizumab-
treated MOG+ NMOSD patients [85, 90, 91]. 

 Information on the total number of relapses during tocili-
zumab treatment is available in all case reports [69-74, 76-
80, 90, 91] and 6 case series [81-83, 85, 86, 88]. Out of 64 
NMOSD patients (53 AQP4+, four MOG+, and seven dou-
ble seronegative) who received tocilizumab in these studies, 
there were 35 relapses reported in 19 patients (29.7%), while 
45 patients (70.3%) were relapse-free. In two case series [84, 
89], data on total relapses were not reported. In addition to 
these studies, interim results of the TANGO randomized 
clinical trial comprising 59 patients in each of the study 

treatment arms (of which 50 AQP4+ in the tocilizumab arm 
and 53 AQP4+ in the azathioprine arm) have shown a sig-
nificantly higher proportion of relapse-free patients in the 
tocilizumab- compared to azathioprine-treatment arm during 
48 weeks (91.5% Vs. 67.8%, p=0.004; presented at ECTRIMS 
2019) [87]. 

 Satralizumab significantly decreased the risk of relapse 
compared to placebo, both as an add-on and as monotherapy 
in two randomized, placebo-controlled phase 3 clinical trials. 
In the SAKuraSky trial, 8 out of 41 patients (20%) in the 
satralizumab group experienced relapses compared to 18 out 
of 42 patients (43%) in the placebo group (hazard ratio, 0.38; 
95% confidence interval [CI], 0.16 to 0.88; adjusted P=0.02). 
At 48 weeks, the proportion of relapse-free patients was 89% 
in the satralizumab group and 66% in the placebo group; at 
96 weeks, the proportion of relapse-free patients was 78% in 
the satralizumab group, and 59% in the placebo group. The 
annualized relapse rate (AAR) during the double-blind pe-
riod was 0.11 in the satralizumab group and 0.32 in the pla-
cebo group (between-group difference, 0.34; 95% CI, 0.15 to 
0.77) [92]. In SAKuraStar, satralizumab monotherapy re-
duced the risk of relapse by 55% compared with placebo 
(hazard ratio 0.45; 95% confidence interval 0.23–0.89; p = 
0.018), and the proportion of relapse-free patients at week 48 
and 96 were 76.1% and 72.1% in the satralizumab group 
versus 61.9% and 51.2% in the placebo group, respectively 
[94] (Table 1). 
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3.2. Tocilizumab Effect on Neurological Disability Status 

 Six studies report a significant improvement in the neuro-
logical status during tocilizumab treatment, as measured by 
the expanded disability status scale (EDSS) [69, 71, 74, 83, 
86, 88], two report mild improvement [72, 80], in 2 the 
EDSS remained unchanged [81, 82], and in 7 data on EDSS 
before and after treatment is not available [72, 73, 75-79]. 
Lotan et al. evaluated the neurological disability by ambula-
tory status and documented an improved ambulatory status 
in two patients and a stable state in nine out of 12 patients 
[85]. A sustained reduction in EDSS is also reported in a 
significant proportion of tocilizumab-treated patients com-
pared to azathioprine-treated patients in the TANGO study 
[87] (Table 1). 

3.3. Tocilizumab Effect on MRI-related Disease Activity 
Measures 

 No radiological disease activity during tocilizumab 
treatment, as measured by new or enhancing MRI lesions, is 
reported in 9 studies [69, 70, 73, 76-78, 81, 82, 86, 90], 
while three others report improvement in lesion volume in 
the brain [72] and the spinal cord [71, 91]. Ringelstein et al. 
report no new or enhancing lesions in six patients with spinal 
cord MRI and three patients with brain MRI available during 
tocilizumab treatment, while a persisting active spinal cord 
lesion during the initial treatment period in one patient and 
an active spinal lesion after 14 months of treatment in an-
other patient are documented [83]. Lotan et at. documented 
one new asymptomatic brain lesion in 10 available brain 
MRIs (10%) and two symptomatic spinal cord lesions in 9 
available spinal MRIs (22.2%) [85] (Table 1). 

3.4. Tocilizumab Effect on AQP4-and MOG-antibody 
Titers 

 Decreased AQP4 Ab titers were found in 6 studies [69, 
71, 74, 83, 86, 88], while persistently elevated titers are re-
ported in 2 studies [72, 73]. In our study, AQP4 Ab titers 
during follow up were available for four AQP-4 seropositive 
patients, of which one patient became seronegative, two pa-
tients had lower AQP-4 antibody titers, and one had persis-
tently elevated titers (1:10,000 on cell-based assay) after 
several years of therapy [85]. AQP4 Ab titers following to-
cilizumab treatment are not reported in 9 studies [70, 75-82]. 

 Out of ten MOG-positive NMOSD patients who received 
tocilizumab, two became seronegative following treatment 
[85]; in one, the MOG Ab titers remained persistently ele-
vated [91], and in seven MOG Ab titers following treatment 
were not reported [89, 90] (Table 1). 

 Tocilizumab effect on AQP4- and MOG-antibody status 
was not correlated with a higher risk of relapse. 

3.5. Anti-Il-6 Effect on Pain and Fatigue 

 The severity of chronic pain during tocilizumab therapy 
was assessed by a numerical rating scale in 3 clinical trials: 
Araki et al. report decreased pain levels from 3.0 ± 1.5 be-
fore tocilizumab initiation to 1.3 ± 1.3 after six months and 
0.9 ± 1.2 after 12 months of treatment in seven patients 
treated in the 2014 study [86] and from 3.2 ±2.2 to 1.7 ±2.6 

in 19 patients in the 2019 study [88]. Ringelstein et al. report 
decreased pain levels from a median of 6.5 (interquartile 
range 5.0-7.0) at treatment initiation to 2.5 (interquartile 
range 0.3-4.5) at last follow up among the eight patients re-
ported in 2015 [83]. 

 In SAKuraSky, satralizumab effect on pain and fatigue 
was evaluated by the visual analog scale (VAS) pain score 
and the functional assessment of chronic illness therapy-
fatigue (FACIT-F) fatigue score. Compared with placebo, 
satralizumab did not have a significant effect on pain and 
fatigue [92]. 

 Araki et al. also evaluated the effect of tocilizumab on 
general fatigue, reporting decreased numeric levels from 6.1 
± 2.0 at treatment initiation to 3.9 ± 2.1 at six months and 3.0 
± 1.4 at 12 months of treatment in the 2014 series [86], and 
from 4.4 ± 2.9 to 2.3 ± 1.8 in the 2019 series [88] (Table 1). 

3.6. Adverse Events and Safety 

 No adverse events during tocilizumab treatment are re-
ported in 11 studies [70-78, 90, 91]. Araki et al. report ad-
verse events in the seven-patients series from 2014 [86], but 
no added information on the additional 12 patients is pro-
vided in the 2019 series [88]. Adverse events of tocilizumab 
in NMOSD are reported in 6 open-label studies [69, 81-83, 
85, 86]. These include, in the order of decreasing frequency: 
lymphopenia, leukopenia and/or neutropenia (N=11); ele-
vated cholesterol levels (N=9); urinary tract infections (UTI; 
N=9); anemia (N=6); upper respiratory tract infections 
(URI;N=3); ); enterocolitis (N=3); elevated liver enzymes 
(N=3); reduced systolic blood pressure (N=2); skin abscess 
(N=2); headache or worsened migraine(N=2); oral mucositis 
(N=1); pyelonephritis (N=1); gastritis (N=1); nausea (N=1); 
diarrhea (N=1); fatigue (N=1); deep vein thrombosis (N=1); 
infusion reactions (N=1); pain at injection site (N=1). 

 Adverse events In the TANGO trial are reported in 36 
patients who received tocilizumab (61%) and in 49 patients 
receiving azathioprine (83%). Adverse events in the tocili-
zumab group included infections (URI, N=17, UTI, N=17), 
anemia (N=16), leukopenia (N=4), or elevated liver enzyme 
(N=18) [87]. 

 Two death occurred during tocilizumab treatment- in one 
patient tocilizumab did not likely contribute to death, as the 
patient was already severely disabled before treatment initia-
tion and died following cervical myelitis after eight months 
of therapy [85]. The second death is reported in the TANGO 
trial, but information regarding the causes of death is not yet 
available(data presented at ECTRIMS 2019) [87]. 

 In SAKuraSky, adverse events are reported in 37 patients 
(90%) in the satralizumab group and 40 patients (95%) in the 
placebo group. Adverse events during satralizumab treatment 
were nasopharyngitis (N=10), upper respiratory tract infec-
tion (N=10), headache (N=10), urinary tract infection (N=7), 
leukopenia (N=6), injection-related reactions (N=5), hyper-
cholesterolemia (N=4), anemia (N=3) and constipation 
(N=2). No anaphylactic reactions or death have occurred 
[92]. In SAKuraStar, satralizumab was similarly well-
tolerated, and similar proportion adverse events in the satral-
izumab and placebo groups were reported. Rates of serious 
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infections were similar between groups, and no opportunistic 
infections, deaths, or anaphylactic reactions were observed 
[94] (Table 1). 

4. DISCUSSION 

 All the studies included in this systematic review evalu-
ated the effect of anti-IL-6 therapies on relapse prevention in 
highly active NMOSD. Positive results reported in case re-
ports and small case series were confirmed in a randomized 
trial of tocilizumab in NMOSD (TANGO, preliminary re-
sults) and two worldwide phase 3 clinical trials of satralizu-
mab. 

 The majority of patients treated with both tocilizumab 
and satralizumab had positive AQP4 antibodies (Table 1). In 
those studies where both AQP4- positive and AQP4-negative 
NMOSD cases where included, the treatment effect was bet-
ter for AQP4-positive patients [82, 85, 87, 92, 94]. A similar 
trend of better treatment effect in AQP-4 positive patients 
has been observed for other therapeutic agents, including 
rituximab [95], eculizumab [96], and inebilizumab [97]. Al-
though this finding may be related to the small number of 
seronegative patients treated with anti-IL-6 agents, it may 
also be attributed to the pathophysiological effects of the IL-
6 pathway on AQP4 antibody secretion, which may account 
for the more limited efficacy of IL-6 blockade in seronega-
tive NMOSD. However, in some of the AQP4-positive pa-
tients, the Ab titers remained persistently elevated during 
tocilizumab treatment [72, 73, 85]. This lack of correlation 
between AQP4 antibody titers and relapse rates, as already 
reported in other cohorts [98, 99], may indicate that other 
pathogenic mechanisms are involved and impact disease 
activity in NMOSD. Moreover, the disparity in treatment 
effect between seropositive and seronegative patients may 
again raise the question of whether seronegative NMOSD 
reflects a separate clinical entity, as suggested by some other 
clinical and radiological observations [100, 101]. 

 The current data in support of anti-IL-6 therapies for 
MOG-positive patients is scarce, as only ten patients treated 
with tocilizumab have been reported [85, 89-91]. Six of 
these patients are reported together with AQP4+ and sero-
negative NMOSD patients [89], and a separate analysis of 
treatment efficacy for the MOG+ patients is not available. 
Similarly, there is no data about the effectiveness of satrali-
zumab in MOG- antibody-associated disorder (MOGAD). 

 Other than their effect on disease-activity measures, IL-6 
blocking agents have been proposed to have a beneficial 
therapeutic effect on pain and fatigue. Data regarding the 
impact of anti-IL-6 agents on these symptoms is available in 
only three studies, and results are contradictory, as tocilizu-
mab has been reported to reduce both pain and fatigue sever-
ity [83, 86, 88], but satralizumab did not have a significant 
effect on either of these symptoms [92]. 

 Anti-IL-6 therapy in NMOSD is overall well tolerated. 
The adverse events profile is similar to that reported in RA 
and includes mainly hematologic abnormalities (i.e., leuko-
penia, neutropenia, and anemia), infections, and hypercho-
lesterolemia (Table 1). The rate of any adverse events during 
tocilizumab treatment, including serious adverse events and 
death, was similar to the rate of such events during azathio-

prine treatment [87], while the rate of side events during 
satralizuamb treatment was comparable to placebo [92, 94]. 
Although localized injection-related side events are more 
common with subcutaneous administration, they led to dis-
continuation of therapy in only one tocilizumab-treated pa-
tient [85], and none of the satralizumab-treated patients in 
the SAKuraSky trial [92]. 

CONCLUSIONS 

 Anti-IL-6 therapies show promising results in NMOSD. 
While efficacy in preventing relapses has been confirmed in 
two randomized trials, additional data on the long term 
safety and efficacy are needed. Also, the possible role of IL-
6 blockade in alleviating pain and fatigue needs to be clari-
fied in future studies. 
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