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Abstract: Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an
autoimmune inflammatory demyelinating disorder that can manifest as optic neuritis, transverse
myelitis, and acute disseminated encephalomyelitis. Although typically monophasic, relapsing cases
are more common in adults. Current treatments include corticosteroids, intravenous immunoglobulin,
immune-suppressive drugs, and plasma exchange, but there is emerging interest in the use of
interleukin-6 (IL-6) inhibitors to prevent relapses such as tocilizumab and satralizumab. This review
analyzed 24 studies on IL-6 inhibitors for MOGAD, including case reports, case series, and
retrospective studies with at least one MOGAD patient. Tocilizumab demonstrated significant efficacy,
with most studies reporting reduced annualized relapse rates (ARR), prolonged relapse-free periods,
and improved neurological outcomes, including stabilization or recovery of vision, motor function,
and magnetic resonance imaging (MRI) lesion resolution. Satralizumab also showed potential, though
data were more limited. While IL-6 inhibitors appear beneficial for steroid-dependent or treatment-
resistant MOGAD, the existing data are limited to small, observational studies. Larger controlled trials
are needed to establish their long-term efficacy and safety.
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1. Introduction

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an autoimmune
disorder involving central nervous system demyelination with antibodies against myelin
oligodendrocyte glycoprotein (MOG). Research conducted across various nations indicates that
MOGAD is a worldwide condition impacting individuals of all age groups. The annual incidence of
MOGAD ranges from 1.6 to 3.4 cases per million people, while its prevalence is estimated to be around
20 cases per million [1-3]. It presents with clinical features similar to other demyelinating diseases
such as multiple sclerosis (MS) and aquaporin-4-1gG-positive neuromyelitis optica spectrum disorder
(AQP4 + NMOSD), yet MOGAD is increasingly recognized as a separate clinical entity with a distinct
pathophysiology and clinical management [4]. Optic neuritis is one of the most common symptoms,
affecting about 50% of MOGAD patients, which tends to have a more favorable recovery than optic
neuritis in MS [5,6].

In more severe cases, transverse myelitis can cause paralysis and bladder dysfunction, although
recovery tends to be better in MOGAD compared with AQP4 + NMOSD [7,8]. Acute disseminated
encephalomyelitis (ADEM) is more frequent in pediatric patients and is characterized by widespread
inflammation in the brain and spinal cord, leading to fever, headache, confusion, and cognitive deficits,
but recovery is generally favorable after the initial attack [5,9,10]. Despite its heterogeneous
presentation, MOGAD is typically monophasic but it can be relapsing in some patients, with relapses
being more common in adults with optic neuritis, often triggered by infections or vaccinations [5,11].
The current treatment landscape for MOGAD primarily involves using corticosteroids, intravenous
immunoglobulin (IVIG), and therapeutic plasma exchange to manage acute attacks and prevent future
relapses [12]. More targeted medications, such as azathioprine, mycophenolate mofetil, and rituximab,
have been used to reduce relapse rates [13]. In addition to the current treatment, Interleukin-6 (IL-6)
is being investigated as a potential target for pharmacotherapies in the context of MOGAD [4]. In
MOGAD’s pathogenesis, IL-6 triggers key inflammatory mechanisms by impacting B lymphocyte
maturation, transforming naive cells into antibody-producing plasma cells while accelerating mutation
rates within germinal centers [14]. It upregulates MHC-II expression on antigen-presenting cells and
activates STAT3 signaling in B cells, inducing Bcl-6 and Blimp-1 expression to create a transcriptional
program favoring plasma cells’ survival and sustained autoantibody production [15]. IL-6 blockade
reduces circulating MOG-IgG titers and attenuates clinical disease severity in experimental models,
suggesting its therapeutic potential [16]. Tocilizumab is an anti-IL-6 antibody approved for treatments
of rheumatoid arthritis, cytokine release syndrome, giant cell arteritis, systemic juvenile idiopathic
arthritis, and polyarticular juvenile idiopathic arthritis [17—19].

Another IL-6 antibody, satralizumab, is approved for the treatment of AQP4 + NMOSD [20]. The
potential of IL-6 targeting antibodies in the treatment of MOGAD is still under investigation. For
instance, the TANGO study demonstrated that tocilizumab outperforms azathioprine in preventing
relapses and slowing disability progression in NMOSD patients. By reducing AQP4-1gG levels—a
critical factor in NMOSD—tocilizumab proves effective across diverse patient groups, including those
with additional autoimmune conditions [21]. While these results are encouraging, more research is
needed to understand its long-term effects and applicability to a wider population. This systematic
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review aimed to consolidate current evidence on the therapies and assess their efficacy and limitations
in improving patient outcomes.

2. Methods

We conducted database searches for studies on 10 October 2024, which included Medline
(through PubMed), Scopus, Embase, and Cochrane Library. We used keywords related to MOGAD as
well as IL-6, which included variations of myelin oligodendrocyte glycoprotein, myelin
oligodendrocyte glycoprotein-associated disease, Interleukin-6, anti-Interleukin-6, tocilizumab, and
satralizumab. The search included the following keywords “MOG, myelin oligodendrocyte
glycoprotein, myelin oligodendrocyte glycoprotein antibody-associated disease, MOGAD, MOG
antibody disease, myelin oligodendrocyte glycoprotein antibody disorder, MOG antibody-associated
disease, MOG antibody-associated disorder, Interleukin 6, Interleukin-6, IL-6, anti-Interleukin-6, anti-
IL-6, tocilizumab, and satralizumab”. For all four databases, the words and phrases associated with
MOGAD and IL-6 were separated by an “OR” statement. The two search strings were then combined
with an “AND” statement, so that studies that mentioned both MOGAD variations as well as IL-6
variations could be obtained. For Scopus, the entire search string was preceded by “TITLE-ABS-KEY”
so that the title, abstract, and keywords would be probed. For Embase, each keyword was followed by
“/exp” so subjects related to them could also be searched for. The studies were restricted to the English
language and published, full-text articles. We included studies with patients who have been diagnosed
with MOGAD and who were treated with IL-6 inhibitors. Given the recent development of targeted
therapies for the condition, we included all studies exploring the use of IL-6 inhibitors for MOGAD,
including but not limited to case reports, cohort studies, case-control studies, and randomized
controlled trials. Two reviewers (SG and OY) independently searched the databases for studies,
collated them into a single collection, and selected which ones were to be included for analysis. Any
discrepancies between the two reviewers were solved by a third reviewer (CM). The process is
illustrated through a PRISMA flow diagram (Figure 1). Important parameters were obtained from each
study, including the year of publication, the study design, the number of participants, the IL-6 inhibitor
protocol, other therapies, laboratory findings, imaging findings, clinical efficacy, and adverse effects
of tocilizumab (TCZ).
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Identification of studies via databases and registers
Records removed before
3 ; s i screening:
% pacon |dent|ﬁed_from : Duplicate records removed
8 Databases (n = 2045 ) (n = 1041)
s Soctrane(b), Embess (i), Records marked as ineligible
g FribMed (333), Scopus (266) by automation tools (n = 0)
Records removed for other
reasons (n = 0)
Records screened N Excluded articles not involving
(n =1004) MOGAD, not involving clinical
studies, and not involving IL-6
inhibitor use. (n = 960)
Reports sought for retrieval Reports not retrieved
—
B | =4 (n=0)
-
?
Reports assessed for eligibility Reports excluded:
(n = 44) Abstract or poster (n = 8)
- Upcoming/ongoing clinical trial with no
data (n = 6)
IL-6 inhibitors not specifically used to treat
MOGAD (n = 2)
No clinical description for MOGAD
patients treated with IL-6 inhibitors (n = 4)
3 - -
L Studies included in review
° (n=24)
£
Figure 1. Flowchart of the study selection process based on PRISMA guidelines.
3. Results

Atotal of 24 studies are included in the review. Fifteen were case reports of patients with MOGAD
treated with an IL-6 inhibitor, and one was a case series of patients with the disorder who had received
at least one dose of an IL-6 inhibitor. These papers used tocilizumab as the IL-6 inhibitor and are
included in Table 1. Eight other studies included at least one patient with MOGAD treated with an IL-
6 inhibitor. One case series used satralizumab, another anti-IL-6 inhibitor, in the treatment protocol for
MOGAD. We considered any patient with clinical findings and a positive MOG antibody serology as
individuals with MOGAD.
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Table 1. Summary of the parameters from studies.

Author (date)  Study design ~ Number of  IL-6 inhibitor Other therapies  Laboratory Imaging findings (only Clinical Adverse events
participants  protocol findings CT/MRI, not including things  efficacy (from TCZ)
like OCT)
Sbragia Case report 1 TCZ, 8 mg/kg Initial therapy of Undetectable MRI: Infratentorial lesion, Continued
(2024) [22] intravenous (IV)  high dose IV CD19+ B cells  right ON atrophy, spinal radiological
monthly for 4 steroids after RTX demyelinating lesions. Further  progression of
months, followed by treatment increase in the tumefactive MOGAD.
combined with ~ maintenance PO spinal cord lesions after TCZ EDSS from
prednisone at 25  steroids at 50 treatment. Infratentorial and 3.0t0 6.0
mg daily mg/kg; RTX IV spinal lesions reduced with
with PO HSCT
steroids; high-
dose IV steroids
and 5 plasma
exchange
sessions; After
TCZ, 2 cycles of
IVIG infusion,
hematopoietic
stem cell
transplant
Masuccio Case report | TCZ 131V Five 1000 mg CD19+ cell Paraparesis COVID-19
(2020) [23] infusions per RTX infusions depletion after with 3/5 infection noted
month v RTX treatment strength,
(unspecified EDSS 6.5, and
regimen) maintenance
of walking
ability not

AIMS Neuroscience
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McLendon
(2023) [24]

Case report

Kwon (2024)  Case report
[25]

AIMS Neuroscience

2

1

TCZ, 2 doses 8
mg/kg/dose IV

TCZ, 8
mg/kg/dose 1V,
one acute dose,
maintenance
monthly for 2
years with IVIG
1 g/kg

4 days of MPS
1000 mg IV per
day; 3 PLEX
sessions or IVIG
2 g/kg, monthly
IVIG for

seizures

MPS, IVIG, PO
prednisone,
RTX, PLEX,
AZA

CSF
lymphocytic
pleocytosis,
elevated
intracranial
pressure,
normal
protein/glucos
e; elevated
serum IL-6
after an acute
episode; ICPs
normalized
after TCZ;
serum MOG
antibody
negative after
treatment
CSF: mildly
elevated
protein
without

pleocytosis

MRI: mild leptomeningeal

enhancement,

cortical/subcortical

hyperintensities, CT: cerebral

edema

MRI: multiple bilateral
cerebral nodular lesions,

demyelinating lesions, mild

brain atrophy

altered during
TCZ treatment
and during
COVID-19
infection
Glasgow
Coma Scale
improvement
from 8 to 12
followed by
full alertness,
normal
neurological
examination
with mild
behavioral or
cognitive
impairment,
monophasic
normalized
ICP for Patient
2, GCS 8to 14

No relapse, no
functional

limitations
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Kang (2024)  Case series
[26]
Elsbernd Case series

(2021) [27]

AIMS Neuroscience

4

2

TCZ 8 mg/kg
IV monthly (for
51.3,33.6, 16 .4,

or 9.8 months)

TCZ: 8 mg/kg
monthly IV

MMF, RTX,
IVIG; AZA, oligoclonal
MMF, IVIG,; bands
MMEF, IVIG; or

IFN, MMEF,

IVIG. IVIG

dosed at 0.4

g/kg every 4

Negative

weeks for all 4

patients

Case 1: 5 days
of IV MPS,
prednisone
taper,
gabapentin,
RTX (ultimately
d/c due to
treatment
failure),
resolved with
TCZ

Case 2: AZA
with daily
prednisone,
RTX IVIG,

prednisone

Case 1: longitudinally
extensive transverse myelitis;
patchy enhancement of the
anterior, central and posterior
cord; hyperintensity in the
dorsal pons extending to the
medulla; patchy enhancement
of the right medial cerebellum
and right medial subcortical
white matter; Improvement in
optic nerve enhancement after
initiation of TCZ therapy
Case 2: Hyperintensities in the
diencephalon and corpus
callosum, “H- sign” MOGAD
myelitis with hyperintensity of

the central gray matter

Relapse-
free with a
median
follow-up of
25 months.
EDSS
remained
the same
from the

initiation of

TCZ to
follow-up
No relapses Transient
hyperlipidemia
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Kim (2023) Case report
(28]
Virupakshaia  Case report
h (2024) [29]

AIMS Neuroscience

1

1

TCZ
(unspecified

regimen)

TCZ (8 mg/kg
IV dose every 4
weeks), slow
oral prednisone

taper 10 months

IVIG (2 g/kg for
5 days), delayed
onset of
response to RTX
followed with
TCZ

IV MPS 1,000
mg daily for 3
days followed
by oral

prednisone at 60

White blood
cell (WBC)
count =
250/uL, 90%
lymphocytes,
elevated
proteins
(127.6
mg/dL),
slightly
decreased
glucose levels
(54 mg/dL;
120 mg/dL in
serum), and
increased
immunoglobul
in G index
(0.71).
Oligoclonal
bands were
absent. The
cytology was
negative for
malignant
cells

Red blood cell
(RBC) count
of 105
cells/uL, WBC

count of 87

MRI: Leptomeningeal
enhancement that
predominated in the left
cerebral cortex; caudate
nucleus lesion; whole-spine
MRI was normal; 2 wk f/u
MRI demonstrated

improvement following TCZ

MRI: Bilateral supratentorial
lesions associated with venous
sinus thrombosis, hemorrhage,
and midline shift; small T2-
FLAIR hyperintense lesions of

Improvement
in fever,
headache, and
agraphia.
Unspecified,
but notable f/u
MRI: CN
lesions and
LME were
found to have
improved in
the follow-up
brain MRI
performed 2
weeks after
the initial MRI

No known
relapse.
Ambulated
without

assistance but
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Lee (2023)
[30]

Case report

AIMS Neuroscience

1

later

TCZ (4 mg/kg
IV dose for
1day; 2 doses
given every 2
weeks, then
doses given
once a month)
given
concurrently
with RTX (375
mg/m? at
regular
intervals; the

first 4 doses

mg daily, 5
sessions of
PLEX, with

anticoagulation

Intravenous
acyclovir (d/c
after negative
viral
polymerase
chain reaction
(PCR) results)
and IVIG (0.4
g/kg for 5
days), RTX
(375 mg/m? at

regular

cells/uL (85%
polys), and 89
mg/dL protein;
serum MOG-
IgG was
positive at a
titer level of
1:1,000; CSF
Interleukin-6
(IL-6) level
was elevated
at

17,904.6
pg/mL
(normal level
<7.5 pg/mL)

Pleocytosis
(white blood
cell count,
33/mm’,
lymphocyte-
predominant;
red blood cell
count,
280/mm?;
protein
concentration,
41 mg/dL;
CSF glucose

the right frontal subcortical
white matter and right lateral
pons with mild enhancement.
Thoracic spine MRI
demonstrated T2
hyperintensity at T2—-3 and
enhancement involving the
ventral cord at T2-3 and T6—
7; T2-FLAIR hyperintense
lesions involving the white
matter and left globus pallidus
with extensive hemorrhage
and peripheral enhancement.
Bilateral thalamic T2-FLAIR
hyperintensity with
hemorrhage and bilateral
transverse sinus thrombosis
MRI: Small nonspecific T2
hyperintensities in bilateral
cerebral white matter and no
abnormal focal enhancing
lesions; computed tomography
imaging on the 38th day after
hospitalization showed
relative and mild cerebral
perfusion asymmetry at the
left fronto-parieto-temporal

cortex

struggled with
neurocognitive
deficits, has
not been able
to return to

work

Most
symptoms
improved by 2
weeks
following
discharge;
however,
intermittent
auditory
hallucination
misperception
sof TV
sounds and

autotopagnosi
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Nagahata
(2022) [31]

Case report

AIMS Neuroscience

1

were
administered
weekly, with
monthly dosing
thereafter)

TCZ 1V (400
mg/week for
four weeks),
followed by

intervals; first 4
doses were
administered
weekly, with
monthly dosing
thereafter) on
hospital Day

9 and TCZ on
hospital Day

10; risperidone
at 4 mg/day, and
haloperidol at 5
mg together
with lorazepam
at 4 mg were
given when
needed during
acute period of
severe psychotic
symptoms;
risperidone at 1
mg/day was
used as a
maintenance
treatment after
the acute period
Prednisolone
(60 mg/day) and
methotrexate
(10 mg/week),

concentration,
59 mg/dL
serum
concentration,
101 mg/dL)
and viral PCR
negative;
aquaporin-4
antibody result
negative;
MOG
antibody result
positive; CSF
oligoclonal

band positive

White blood MRI: Cavernous sinusitis and
cell count of a low contrast-enhanced right
10,800/uL, optic nerve sheath with a

hemoglobin residual contrast effect around

a of the left
hemibody

remained

Visual acuity
and field
recovered to

the pre-onset
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high-dose

prednisolone

followed by IV
MPS at a dose
of 1 g/day for
three days; RTX
(500 mg/week

for four weeks)

level of 12 the right optic nerve
g/dL, platelet
count of
300,000/uL,
C-reactive
protein level
of 4.2 mg/dL,
and no
electrolyte,
liver, or renal
function test
abnormalities.
The level of
myeloperoxida
se—
antineutrophil
cytoplasmic
antibody
(MPO-ANCA)
was elevated
(27 TU/mL,
normal levels
are less than
3.51U/mL).
The test
results for
antinuclear
antibodyies
anti- SSA/SS-
B antibodies,
and PR3-

level, no
recurrence of
vision loss,
and the
prednisolone
dose was
tapered to 5
mg/day over
the next 18
months with
TCZ

Volume 12, Issue 2, 113-139.
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Smoot (2021)  Case report
[32]

Kroenke
(2022) [33]

Case report

AIMS Neuroscience

1

1

TCZ at 4 mg/kg
IV monthly

infusions

TCZ 1V (8
mg/kg) monthly
alternating with
IVIG (1 g/kg);
switched to only
IVIG (1 g/kg)
after 4 months;

restarted

MPS at 1000
mg IV for 5
days, prednisone
at 20 mg PO per
day for 1 month

Initial: high-
dose MPS IV at
1000 mg daily
for 5 days and
IVIG 2 g/kg.
Second
admission:
High-dose MPS

ANCA were
negative, as
were the
Treponema
pallidum
hemagglutinati
on and rapid
plasma reagin
tests;
cavernous
sinusitis and a
low contrast-
enhanced right
optic nerve
sheath
Elevated
MOG titer
before TCZ

CSF: Elevated
protein.
Negative
infectious
workup. B cell
suppression
after RTX

treatment

Initial MRI: Nonspecific white
matter changes, no intrinsic
spinal cord signal; MRI after
attack: Lesion from pons to
cervical cord, C3—C5 lesion;
MRI after treatment: reduction
in brainstem and cervical cord
lesions

Initial MRI: Evidence of
ADEM,; third MRI: increasing
ADEM and bilateral optic
neuritis. Fourth MRI: New T2
lesions. Follow-up MRI with
monthly IVIG and IVMP:
Large lesion in the left

superior and middle frontal

No new

relapse

Asymptomatic
with large
MRI lesions
after TCZ’s
removal from
combined
treatment.

Increased

Volume 12, Issue 2, 113-139.
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Novi (2019)
[34]

Case report

Schiro (2024)  Case report
[35]

AIMS Neuroscience

1

1

monthly TCZ (8
mg/kg) and
IVIG (1 g/kg)
infusions after 7
months;
switched to only
TCZ (8 mg/kg)
monthly;
restarted
monthly TCZ (8
mg/kg) and
IVIG (1 g/kg)

TCZ at 8 mg/kg
IV every 4
weeks (24
months and

ongoing)

TCZ at 8 mg/kg
IV every 4
weeks (February
2022—October
2023);
subcutaneous
TCZ at 162 mg

IV and 2 g/kg of
IVIG over 3
days, 2 doses of
RTX. Third
admission:
High-dose MPS
IV and 2

g/kg of IVIG.
Monthly IVIG
(1 g/kg) and
MPS IV

(1000 mg)
infusions every
two weeks for 4
months
Prednisone at
50 mg/day PO
for 1 month,
MPS at 1 g/day
IV.RTXatlg
IV twice; 2
more MPS IV

doses

IFN-beta-1a,
then
natalizumab
after relapse,
then steroid
therapy and
PLEX, then

CSF: Normal
cell count and
protein. B cell
depletion after
RTX.
Persistence of
high MOG-
antibody titers
after TCZ.
Absence of
oligoclonal
bands in CSF,
15 pg/mL IL-6
before TCZ

gyrus. MRI after initial TCZ:
No new lesions. Follow-up
MRI with only IVIG: Large
left hemisphere lesion. MRI
after TCZ restarted: Reduction
in the lesion. MRI with only
TCZ: New lesions

Initial MRI: Negative. Second
MRI: T4-T6, T8-T10, and
T12-L1 lesions. Third MRI:
New lesions in C5 and T5.
MRI after TCZ: Reduction in
cervical and thoracic spine

lesions

Initial MRI: bilateral
demyelinating lesions of
frontal, temporal, parietal
white matter; lesions in the
cerebellum, midbrain, and
medulla. Second MRI:
Widespread

drowsiness
and confusion
with new MRI
lesions after
IVIG’s
removal from
combined

treatment

No new

relapses

No new
clinical events,
moderate
recovery of
cognitive
function and

walking

COVID-19
during IV and
subcutaneous
regimen;
Pseudomon as
aeruginosa

infection due to

Volume 12, Issue 2, 113-139.
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Hayward- Case report
Koennecke

(2019) [36]

Dayrit (2024)
[37]

Case report

Bilodeau

AIMS Neuroscience

Retrospective

every 2 weeks
(6 total doses)

TCZ at 8 mg/kg
IV for 12
months and then
tapered to every
6 weeks.
Bimonthly
treatments

afterwards

TCZ at 320 mg
IV every month

for 5 months

TCZ given for a

RTX at 1000 mg
every 2 weeks
with
leukoencephalo
pathy, then
PLEX

Initial therapy:
High-dose
steroids. Six
relapses treated
with high-dose
steroids. Then
three
natalizumab and
two 1 g RTX
doses. Then 12
doses of
cyclophosphami
de

Two sessions of
MPSatl glV
every 24 hours
for 5 days;

four sessions of
complete RTX
at 500 mg IV
after
desensitization
and after TCZ

CSFE: 15
mononuclear
cells/uL,
elevated

protein

leukoencephalopathy. MRI
during TCZ treatment: Lesion
reduction in the middle
cerebellar peduncle and right

mid-superior frontal gyrus.

MRI after subcutaneous doses:

No new lesions

Initial MRI: Lesions in all 3
spinal cord levels, bilateral
pons, and bilateral thalamus.
MRI after TCZ: No new

lesions

MRI: Lesion in the central
intramedullary region at the
C2-C3 level

capacity port-a-cath

placement

No new

relapses

One relapse Alopecia
noted likely

due to SARS-

CoV-2

infection

Four patients

Volume 12, Issue 2, 113-139.
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(2024) [38]

Lotan (2020)
[39]

Rempe
(2024) [40]

Ringelstein
(2022) [41]

cohort

Retrospective 2
cohort

Retrospective 1
cohort

Retrospective 14
cohort

AIMS Neuroscience

total of 7.59
patient-years
(unspecified

dosage)

TCZ,
subcutaneous
injection (162
mg for 1-2
weeks); one
patient cotreated
with MMF
TCZ
(unspecified
dosage)

TCZ ata
median dose of
8.0 mg/kg IV
(for MOGAD,
NMOSD, and
double
seronegative);
median
treatment
duration of 16.3
months for
MOGAD. Two

RTX or

azathropine

Prior RTX,
IVIG, MMF,
MTX, and CYC
RTX,
Azathioprine,
MMF, low-dose
steroid
monotherapy,
cyclophosphami
de, IVIG,
plasma
exchange, and

belimumab

Two patients
became MOG
antibody
seronegative
after TCZ

Two showed
decreased
MOG titers

MRI: No new lesions

Reduction in lesions after

treatment

were reported
to be relapse-

free; however,
one patient

experienced 2

relapses due to

highly
refractory
disease

No relapse

Relapse-free

ARR decrease
(1.75t0 0),
79% relapse
free. Three
had relapses.
EDSS 2.75 to
2.0

Hyperchole

sterolemia

Infusion
reaction,
recurrent
urinary tract
infection, viral
respiratory
infections,
pyelonephritis,
neutropenia,
liver enzyme
change, mild

cholesterol
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Guzman Case series

(2023) [42]

Rigal (2020)  Case series
[43]
Powers Case series

(2020) [44]

AIMS Neuroscience

1

3

1

had IV MPS
cotreatment; one
had IV MPS and
IVIG co-
treatment; 1 had
methotrexate
co-treatment;
one replaced
TCZ with RTX
Satralizumab
subcutaneously
(unspecified
dosage) and

mycophenolate

TCZ (8 mg/kg
for monthly
intravenous
cycles and 162
mg weekly for
subcutaneous
injections)

Case 1: Monthly
unspecified

dosage

RTX and
mycophenolate.
Prednisone PO
low dose (either
continuous or
after
satralizumab)
RTX before
TCZ

Case 1: RTX
infusions every
6 months as
well as monthly
methylprednison
e and IVIG
infusions,

clomipramine,

CD19 counts
of 0% after
RTX treatment

Case 1: MOG
titer reduced
after TCZ, not
RTX

Case 2:
Elevated
erythrocyte

b/1 optic neuritis, multifocal
transverse myelitis, brainstem

encephalitis

MRI stable following TCZ

MRIs

Case 2: Cortical restricted
diffusion with an area of
increased T2 signal involving
the left inferior posterior
temporal lobe of the left

frontal lobe

(low-density
lipoprotein and

high-density

lipoprotein
elevation)

No new

relapses. No

improvement

in visual

acuity

Relapse-free Hypertriglyceri

demia, tooth

infection

Return to
baseline health
(TCz
treatment was
only noted in
Case 1); Cases
2 and 3

resolved with
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quetiapine

Case 2: Steroid
trial, ketorolac,
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Jelcic (2019)
[45]

Case report

1

TCZ at 8 mg/kg
IV per month

High-dose
corticosteroids,
then
natalizumab at
300 mg monthly
for 2 months,
then high-dose
corticosteroids
and plasma
exchange. RTX
at 375 mg/m?
and 1000 mg
separated by 1
month. Monthly
cyclophosphami
de at 600-1100
mg/m*/cycle for

13 months

Negative for

infection

Initial MRI: Bilateral
thalamic, mesencephalic,
pontine, cervical, thoracic and
lumbar spinal lesions

MRI after all treatments:
Right optic nerve atrophy,
multiple supratentorial lesions,

resolution of spinal lesions

No relapse for
17 months, no
further
deterioration

of vision

Note: TCZ, tocilizumab; RTX, rituximab; OCT, optical coherence tomography; HSCT, autologous hematopoietic stem cell transplantation; EDSS, expanded disability status scale; MPS,

methylprednisolone; MOG, myelin oligodendrocyte glycoprotein; IVIG, intravenous immunoglobulin; PLEX, plasmapheresis; CSF, cerebrospinal fluid; AZA, azathioprine; IFN, interferon; MMF,

mycophenolate mofetil; CN, cranial nerve; LME, leptomeningeal enhancement; FLAIR, fluid-attenuated inversion recovery; PO, per os; ARR, annualized relapse rate.
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The dosage of tocilizumab was relatively similar across studies. Generally, 8 mg/kg IV was given,
with some instances of 4 mg/kg [30,32]. The drug was sometimes given concurrently with other
treatments, such as PO prednisone, IV rituximab, and IVIG [22,25,31,33]. Some regimens included
treatment after tocilizumab, including PO prednisone, high-dose prednisolone alternating with IVIG, and
subcutaneous tocilizumab [29,31,33,35]. All studies included patients who have continued to have
attacks while receiving other immunosuppressive therapies, including rituximab, IVIG, plasma exchange,
methylprednisolone, prednisone, azathioprine, mycophenolate mofetil, methotrexate, interferon-beta-1a,
natalizumab, acyclovir, and cyclophosphamide [46]. Patients who had previously received rituximab had
low or undetectable CD19+cell populations but continued to have attacks [22,23,34]. Serum MOG
antibodies vary before and after tocilizumab treatment. In one case, the patient became MOG antibody
seronegative after treatment with tocilizumab, plasma exchange, and IVIG [24]. However, some patients
continued to have high MOG antibody titers after treatment [29,34]. Other studies demonstrated a
decrease in MOG antibody titers or a conversion to seronegative status after treatment [39-41,44].

For most of the patients, the tocilizumab prevented further relapses. In one case series, patients
on monthly IV tocilizumab were relapse-free for a median of 25 months [26]. Some patients required
additional treatment due to continued relapses. One patient with a severe relapse required IVIG and a
hematopoietic stem cell transplant after tocilizumab use to stop relapses [22]. Another patient relapsed
in the setting of SARS-CoV-2 infection, a third patient had two relapses [37,38]. Most studies (Table
1) reported an improvement in or maintenance of clinical status after tocilizumab. For example, the
neurological status of two pediatric patients who had severe MOGAD attacks improved neurologically
as measured by the Glasgow Coma Scale from 8 to 12 or 14 after treatment [24]. The expanded
disability status scale (EDSS) results were not altered with the initiation of tocilizumab for two patients
but worsened from 3 to 6 for one individual with a severely refractory disease [22,23,26]. Tocilizumab
administration resulted in improved headache, visual acuity, cognitive function, and gait [28,31,47].
In some patients, cognitive deficits from MOGAD attacks persisted after tocilizumab [29,30]. One
patient required alternating tocilizumab and IVIG; discontinuation of IVIG resulted in increased
confusion and drowsiness [33]. In a retrospective NMOSD cohort study with some MOGAD patients
(n=14), tocilizumab reduced the annual relapse rate from 1.75 to 0 (p = 0.0011), with 79% of patients
remaining relapse-free, with a reduction in EDSS from 2.5 t0 2.0 (p <0.031) [41].

MRI findings demonstrated improvements in demyelinating lesions after tocilizumab. Common
MRI abnormalities in MOGAD include optic nerve, cerebral, thalamic, multiple-level spinal cord,
brainstem, and leptomeningeal enhancements [22,24,25,36,37,45]. Tocilizumab improved optic nerve
and leptomeningeal enhancement, as well as lesion load in the caudate nucleus, brainstem, cervical spine,
thoracic spine, and frontal gyrus [27,28,32,34,47]. The treatment was associated with the absence of new
lesions or lesion progression in two cases [36,47]. In one case, tumefactive spinal cord lesions continued
to progress with tocilizumab [22]. In another case, the removal of tocilizumab or IVIG from the regimen
resulted in new MRI lesions [33]. The key clinical findings are summarized in Table 2.
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Table 2. Overall clinical characteristics from studies. EDSS, expanded disability status scale.

Characteristics IL-6 inhibitor therapy (n = 50)
Patient type 33 adults

10 pediatrics

7 unknown
Time to next relapse 41 no new relapses

4 between 4 and 12 months
5 relapses with unknown time

Change in EDSS 14 trending down
1 trending up
5 no change
30 unknown
Radiological improvement 16 improved

9 no improvement
25 no information

No adverse events were reported in most studies included in the review. One patient who exhibited
a hypersensitivity reaction to rituximab experienced alopecia after tocilizumab, requiring
desensitization before subsequent readministration of rituximab [37]. Reported adverse events in
studies involving NMOSD, MOG antibody-positive patients included an infusion reaction (n = 1), high
cholesterol (n = 1), hypertriglyceridemia (n = 1), and tooth infections (n =1) [39,41,43].

4, Discussion

Most studies included in this review demonstrate the effectiveness of tocilizumab in treating
MOGAD. Most patients treated with tocilizumab experienced reductions in relapse frequency, with
many remaining relapse-free for extended periods. Improvements in neurological symptoms and MRI
lesions were common, suggesting both symptomatic and structural benefits from IL-6 inhibition.
Tocilizumab’s success in preventing relapses and improving clinical outcomes in MOGAD is notable,
particularly for patients with refractory diseases who had failed other immunosuppressive regimens. The
reduction in headache with improvements in gait, visual symptoms, and MRI lesions, along with a
modest improvement in cognition, indicate that IL-6 inhibitors may confer broad neurological benefits.

Currently, only case reports and series support the use of IL-6 inhibitors. There are some
retrospective cohort studies that include some MOGAD patients, but they either include other
immunosuppressive medications or patients with AQP4 + NMOSD, with a limited number of MOG
antibody-positive individuals treated with IL-6 inhibitors [38,39,41]. The short follow-up duration in
many of these reports limits our understanding of tocilizumab’s long-term efficacy and safety.
Variations in previous concurrent therapies further complicate the interpretation of tocilizumab’s
isolated effects. While many studies used tocilizumab as the drug of choice for IL-6 inhibition,
satralizumab was used in one patient for MOGAD, which resulted in no new relapses [42].

The effectiveness of tocilizumab in treating MOGAD implies the importance of IL-6 signaling in
pathogenesis and disease progression. IL-6 is a pleiotropic cytokine with significant roles in regulating
immune responses, inflammation, and hematopoiesis via multiple mechanisms such as macrophage
differentiation and T cell survival [48]. The cytokine is often upregulated in chronic autoimmune diseases
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such as rheumatoid arthritis, inflammatory bowel disease, and systemic lupus erythematosus [49,50]. IL-
6 plays a significant role in the pathogenesis of central nervous system (CNS) inflammatory
demyelinating diseases. For instance, IL-6 is increased in multiple sclerosis (MS) patients with an acute
relapse, and it is implicated in T cell dysfunction [51,52]. In NMOSD, IL-6 has been shown to promote
plasmablast survival, disrupt the blood—brain barrier’s integrity, enhance proinflammatory T-lymphocyte
differentiation and activation, and stimulate the production of anti-aquaporin-4 antibodies [53,54].
Moreover, IL-6 has been shown to correlate with disease activity and severity, with patients having
higher levels of IL-6 during a relapse [55]. In addition, a negative correlation between IL-6 levels and
brain volume has been observed during relapse and remission [55].

Concerning the pathophysiology of MOGAD, IL-6 is a pivotal driver in CNS inflammation and
autoimmunity. Released by the innate immune cells, particularly the macrophages at inflammation
sites, IL-6 promotes the differentiation of naive T cells into pro-inflammatory TH17 cells, while
inhibiting regulatory T cell (Treg) formation, thus fostering a TH17-dominant environment. IL-6 also
plays a role in activating and maturing B cells into plasma cells, which secrete autoantibodies.
Pathogenic mechanisms in MOGAD involve interactions among IL-6, TH17.

CD4+ T cells, macrophages, and plasma B cells, contributing to an inflammatory and
demyelinating pathology. Along with granulocytes, macrophages/microglia, and an activated
complement, CD4+ T cells are dominant in MOGAD lesions, unlike in MS, where CD8+ T cells
predominate [56,57]. In addition, CD4+ Tregs are elevated in nonrelapsing MOGAD (MOGNR), but
they are decreased in relapsing MOGAD (MOGR), further supporting the role of CD4+ T cells in the
pathophysiology of MOGAD. This response from Tregs to hMOG in MOGR indicates a likely loss
of tolerance to the MOG autoantigen in MOGR [58]. MOGAD’s pathogenesis appears to be
predominantly T cell-driven. MOG-specific T cells are required to initiate CNS inflammation in
experimental autoimmune encephalomyelitis (EAE), a key model for autoimmune neuroinflammation.
In contrast, MOG-specific antibodies produced by B cells, while capable of exacerbating inflammation
and demyelination, are neither necessary nor sufficient to cause disease. This suggests that cellular
immunity, particularly T cell-mediated processes, plays a central role in MOGAD, with humoral
immunity likely serving a secondary, amplifying role [57,59]. Clinically, targeting B cells to relieve
MOGAD attacks has produced variable responses. Rituximab results in an approximately 33% relapse-
free rate after a 2-year follow-up, and a meta-analysis demonstrated that the drug results in 55% of
patients not relapsing [60,61]. In the studies selected for this review, patients who received rituximab
continued to have clinical symptoms even after B cell depletion, which suggests that this cell type has
less of a role in disease severity or relapse; 14 out of the 21 patients received rituximab but were
subsequently treated with tocilizumab due to treatment failure. By inhibiting IL-6 signaling,
tocilizumab seems to reduce the activation of pro-inflammatory T cells and B cells, thereby improving
outcomes in severe or relapsing cases of MOGAD. MOG antibody levels in patients included in the
review were variable, with some becoming seronegative after tocilizumab treatment and others
maintaining high titers. Further data may be needed to establish a link between MOG antibody levels
and clinical outcomes after treatment with IL-6-depleting therapies.

On the whole, tocilizumab shows promise in reducing relapses and stabilizing disease in
refractory MOGAD, particularly in patients who are unresponsive to corticosteroids, IVIG, or
rituximab, as evidenced by the case series and small cohort studies included in this review. Its IL-6
blockade may suppress pathogenic inflammation, with reports of sustained remission and steroid-
sparing effects. Additional studies are necessary to solidify the role of IL-6 inhibitors in MOGAD,
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especially more extensive cohort studies and randomized controlled trials that can more definitively
evaluate tocilizumab’s efficacy and safety. Notably, tocilizumab demonstrates differential effects
depending on the disease stage in MOGAD. Its rapid suppression of IL-6-mediated inflammation
during acute attacks can reduce blood—brain barrier disruption and clinical severity, particularly in
steroid-refractory cases [62]. In contrast, during the convalescent phase, its role appears more
preventive, with sustained treatment leading to fewer relapses and slower disability progression [41].
However, heterogeneity in study designs limits definitive conclusions, warranting further prospective
trials. Two clinical trials have been initiated to assess the efficacy and safety of IL-6 inhibitors in
MOGAD. The TOMATO study is a randomized controlled multi-center Phase 2/3 study aiming to
assess the efficacy and safety of tocilizumab with prednisone as a co-treatment for MOGAD [63]. The
METEOROID study is a randomized controlled multi-center Phase 3 study that evaluates the efficacy
and safety of satralizumab for MOGAD [64]. Both studies are currently in the recruiting phase, with
an expected completion date in 2026. This review highlights the limitations of this therapeutic option.
Data indicate that clinical outcomes fluctuate markedly among individuals [26], reflecting disease
mechanisms that extend beyond simple IL-6 blockade [41]. The weeks-long delay before therapeutic
benefits emerge creates real management dilemmas when rapid symptom control is essential [41].
Treatment risks reinforce this complexity, such as heightened infection vulnerability in mobility-
impaired patients and documented cases where neurological function unexpectedly worsens following
administration [47]. Furthermore, our review emphasizes that while tocilizumab is effective in
MOGAD, some patients respond poorly due to factors like delayed treatment (linked to accumulated
damage) [21], severe baseline disease (frequent relapses, high steroid use, EDSS > 4) [41], and
incomplete IL-6 blockade (persistent intrathecal inflammation, elevated CSF IL-6) [54]. Comorbid
autoimmunity, particularly AQP4-IgG co-positivity or systemic autoimmune features, may further
diminish the treatment response [65]. We should emphasize that while tocilizumab shows promise in
neuroinflammatory disorders, its safety profile in neurology warrants caution due to risks of infections
(including opportunistic and viral reactivation), hepatotoxicity, gastrointestinal perforation, and
dyslipidemia, potentially exacerbating cerebrovascular disease. Neurology-specific concerns include
breakthrough inflammation and seizure exacerbation (though rare), necessitating rigorous pre-
treatment screening (e.g., hepatitis B virus, tuberculosis, liver function) and ongoing monitoring
[Complete Blood Count (CBC), lipids, infection surveillance]. TCZ should be used judiciously in high-
risk patients, particularly those on concurrent immunosuppressants or with comorbidities, balancing
efficacy against these safety challenges.

5. Conclusions

In this review, the available evidence on tocilizumab as a treatment for MOGAD remains limited.
Preliminary data suggest potential benefits in reducing relapse rates and improving outcomes in
refractory cases. Without reliable markers predicting treatment success and facing the prohibitive costs
restricting patient access, clinicians must approach IL-6 inhibition with measured expectations pending
more definitive research in the MOGAD population [35].
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