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ABSTRACT

Interleukin-6 (IL-6) is a multifunctional cytokine that plays a critical
role in immune regulation, host defense, and tissue repair. Within the
central nervous system (CNS), IL-6 contributes to both neuroprotection
and neuroinflammation, depending on the signaling pathway involved;
classic signaling, trans-signaling, or trans-presentation. Dysregulation of
IL-6, particularly through sustained overexpression, disrupts the blood-
brain barrier (BBB) integrity, promotes glial activation, and amplifies
chronic inflammation, thereby contributing to the pathophysiology of
numerous neurological disorders.

This review aims to evaluate the role of IL-6 in neuroinflammatory
processes and its clinical implications across a spectrum of neurological
diseases. It focuses on the therapeutic potential and safety profile
of IL-6 inhibitors, particularly tocilizumab and satralizumab. Key
conditions discussed include neuromyelitis optica spectrum disorder
(NMOSD), myelin oligodendrocyte glycoprotein-associated disease
(MOGAD), autoimmune encephalitis (AE), neuro-Behget's disease

(NBD), myasthenia gravis (MG), epilepsy, multiple sclerosis (MS), and
Alzheimer's disease (AD).

Clinical trials have demonstrated the efficacy of IL-6 receptor blockade
in reducing relapse rates in NMOSD, leading to regulatory approvals.
Promising off-label results have also been reported in treatment-resistant
cases of MOGAD, epilepsy, and autoimmune conditions. However,
IL-6 inhibition carries risks such as serious infections and paradoxical
inflammatory reactions.

Targeting the IL-6 pathway represents a significant advancement in
neuroimmunology, offering new therapeutic opportunities for otherwise
refractory conditions. Future research should focus on large-scale
randomized controlled trials and the development of IL-6 inhibitors
capable of crossing the BBB to enhance CNS-specific efficacy. Cost-
related accessibility also remains a major challenge for broader clinical
application.
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INTRODUCTION

Interleukin-6 (IL-6) is a multifunctional cytokine that facilitates immune
responses and aids in homeostasis maintenance by playing a crucial role
in host defense mechanisms and tissue repair. Nevertheless, there may
be negative effects from IL-6 dysregulation or persistent overproduction.
Chronic overexpression of IL-6 has been shown to compromise blood-
brain barrier (BBB) integrity, exacerbate glial cell activation, and amplify
neuroinflammatory responses, thereby playing a pivotal role in the
pathogenesis of various neuroimmune and neurodegenerative disorders;
including neuromyelitis optica spectrum disorders (NMOSD), multiple
sclerosis (MS), myasthenia gravis (MG), autoimmune encephalitis (AE),
epilepsy and Alzheimer's disease (AD) (1). This review aims to examine
the role of IL-6 in modulating neuroinflammation and its contribution
to the pathophysiology of various neurological disorders. Additionally, it
explores the potential of targeting IL-6 as a therapeutic strategy.

ROLE OF IL-6 SIGNALING IN PATHOPHYSIOLOGY
OF NEUROLOGICAL DISORDERS

IL-6 is a small, secreted polypeptide of 26 kDa, composed of 184 amino
acids and characterized by two N-glycosylation sites and four cysteine

Highlights
» IL-6is an approved and effective therapeutic target in
NMOSD.

+ IL-6 blockade may protect neurons by suppressing
inflammation.

* |IL-6 blockade is a new focal point in the treatment of
neurological diseases.

residues. IL-6, a pleiotropic cytokine produced by various cells including
B and T lymphocytes, macrophages (e.g., microglia), fibroblasts, and
dendritic cells, orchestrates immune and inflammatory responses. Upon
Toll-like receptors activation by pathogens, myeloid cells secrete IL-6,
which promotes B cell differentiation into plasma cells and enhances
antibody production (2).
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Within the central nervous system (CNS), neurons, astrocytes,
oligodendrocytes, and microglia produce IL-6, whereas epithelial cells
and macrophages contribute to its synthesis in both CNS and peripheral
nervous system (PNS) (3). IL-6 supports BBB integrity, modulates
neuroinflammation, and promotes neuronal survival, neurogenesis,
and synaptic plasticity (4). Persistent IL-6 overexpression disrupts BBB
integrity, amplifies glial activation, and sustains neuroinflammation,
contributing to neurodegenerative and neuroimmunological diseases
(4.5).

IL-6 signals by binding either membrane-bound IL-6 receptors (mlIL-
6R) or soluble IL-6 receptors (sIL-6R), with signal transduction mediated
through glycoprotein (gp) 130 homodimers or heterodimers. Classical
IL-6 signaling is restricted to mlIL-6R-expressing cells, whereas trans-
signaling and trans-presentation extend IL-6 activity to virtually all

Erdal et al. Use of IL-6 Blockers

gp130-expressing targets through soluble or cell-presented receptor
mechanisms (6). These signals engage major intracellular cascades
through Janus Kinase Family/Signal Transducer and Activator of
Transcription (JAK/STAT), the mitogen-activated protein kinase (MAPK)
cascade, and the phosphoinositide 3-kinase (PI3K/Akt) pathway which
regulate gene expression and cellular responses essential for acute-
phase reactions and inflammatory processes (Figure 1) (5). Collectively,
IL-6 functions as a pivotal molecular link between immune activation
and neural pathology. In particular, its trans-signaling pathway has
been strongly implicated in glial activation, BBB disruption, and the
persistence of neuroinflammation, which are observed across a spectrum
of neurological, neurodegenerative and neuropsychiatric diseases
(1,7). Thus, selective targeting of IL-6 signaling represents a promising
therapeutic strategy to modulate neuroinflammation and mitigate
disease progression (Figure 2).
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Figure 1. Interleukin 6 signaling pathways (ADAM10/17: a disintegrin and metalloproteinase 10 and 17; AD: Alzheimer’s disease; CNS: central nervous system; gp130: glycoprotein
130; IL-6: interleukin-6; JAK1/2: janus kinase 1 and 2; MAPK: mitogen-activated protein kinase; mIL-6R: membrane-bound IL-6 receptor; PI3K/Akt: phosphatidylinositol 3-kinase /
protein kinase B pathway; sIL-6R: soluble IL-6 receptor; STAT3: signal transducer and activator of transcription 3). IL-6 acts as a pivotal pleiotropic mediator of neuroinflammation,

orchestrated through a complex interplay between peripheral immune activation and CNS

signaling. Systemic IL-6 is synthesized by peripheral immune populations, including T-cells,

B-cells, and monocytes; elevated levels of these peripheral cytokines contribute to BBB disruption, facilitating increased CNS penetration of inflammatory mediators and immune cells.
Within the CNS, IL-6 is locally produced by microglia, neurons, astrocytes, and oligodendrocytes, further amplifying the inflammatory environment. The biological effects of IL-6 are

mediated via three distinct mechanisms: I. Classic signaling occurs when IL-6 binds its mIL-

6R, recruiting and dimerizing the ubiquitously expressed gp130. This pathway is restricted

to cells expressing mIL-6R (e.g., hepatocytes and specific leukocyte subsets); within the CNS, microglia primarily respond via this mechanism, mediating homeostatic and acute-phase
responses. Il. Trans-signaling greatly expands IL-6's biological range and serves as the predominant pathway driving chronic inflammation, neuroinflammation, and tissue pathology.
IL-6 binds sIL-6R, mainly generated through mIL-6R shedding by ADAM10 and ADAM17, forming a complex that activates gp130 on virtually any cell, including endothelial cells,
astrocytes, oligodendrocytes, and neurons. In most neurological disorders, such as multiple sclerosis, Alzheimer’s disease, trans-signaling mediates IL-6's pathogenic effects, promoting
chronic inflammation, neuronal dysfunction, and BBB disruption. lIl. Trans-presentation involves IL-6-bound mIL-6R on antigen-presenting cells directly signaling to gp130-expressing
T cells, supporting T-cell differentiation and contributing to CNS autoimmunity. All three pathways activate JAK1/2, leading to STAT3 phosphorylation, as well as MAPK and PI3K/
Akt cascades. Phosphorylated STAT3 homodimers translocate to the nucleus to regulate target gene expression. Together, classic signaling predominantly supports physiological and
homeostatic functions, trans-signaling drives pathogenic and inflammatory responses in CNS and systemic diseases, and trans-presentation facilitates T-cell mediated immunity and
autoimmunity, highlighting the complementary and context-dependent roles of these pathways in health and neurological disorders.
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Figure 2. Structural architecture of IL-6 and its multifaceted pathogenic roles in neurological disorders (AD: Alzheimer’s disease; AE: autoimmune encephalitis; ALS: amyotrophic lateral
sclerosis; AQP4-IgG: aquaporin-4 immunoglobulin G; AB: amyloid-beta; gp130: glycoprotein 130; IL-6: interleukin-6; IL-6R: interleukin-6 receptor; MG: myasthenia gravis; MOGAD:
myelin oligodendrocyte glycoprotein antibody-associated disease; MS: multiple sclerosis; NMOSD: neuromyelitis optica spectrum disorder; STAT3: signal transducer and activator of
transcription 3; Th17: T-helper 17 cell). The molecular structure of IL-6 is characterized by a four-helix bundle arrangement (helices A-D), which dictates its interaction with receptor
complexes through three functionally distinct surfaces: Site | for IL-6R binding, and Sites Il and IlI for the recruitment and dimerization of gp130. This structural configuration enables
IL-6 to act as a master regulator across a broad spectrum of neurological pathologies. In neuroinflammatory and autoimmune conditions such as MOGAD and NMOSD, IL-6 drives
disease progression by promoting B-cell differentiation into plasma blasts, leading to the secretion of pathogenic autoantibodies like MOG-IgG and AQP4-1gG. Similarly, in MS and
MG, it facilitates Th17 cell-mediated damage, including demyelination and neuromuscular junction interference. In neurodegenerative contexts, IL-6 plays disease-specific roles: in
AD, it contributes to A} aggregation, whereas in ALS, it primarily drives chronic neuroinflammation that exacerbates motor neuron pathology. Furthermore, in epilepsy, IL-6 enhances
glutamate-mediated hyperexcitability. Notably, in the context of Stroke, IL-6 signaling via the STAT3-dependent pathway exhibits a dual nature; while it triggers initial inflammatory
cascades, it is also indispensable for reparative processes, specifically stimulating angiogenesis and tissue remodeling. Together, these pathways highlight the complex, context-

dependent role of IL-6 in balancing neurotoxicity and neural repair.

POTENTIAL ROLE OF IL-6 INHIBITION
IN NEUROLOGICAL DISORDERS

Neuromyelitis Optica Spectrum Disorder

NMOSD is an inflammatory CNS disorder, primarily affecting the
optic nerves and spinal cord. The formation of autoantibodies against
aquaporin-4 (anti-AQP4 1gG) leads to astrocyte damage, triggering
inflammation and contributing to the characteristic clinical presentation.
In NMOSD, the secretion of IL-6 by pro-inflammatory memory B cells may
exacerbate the pathological processes of the disease through multiple
mechanisms, including the enhancement of plasmablast survival, the
stimulation of anti-AQP4 antibody production, disruption of the BBB, and
promotion of pathogenic Th17 cell (8). Elevated cerebrospinal IL-6 levels
have been observed particularly in patients with seropositive NMOSD.
A subsequent decrease in IL-6 levels during treatment suggests that IL-6
contributes to CNS inflammation and may serve as a potential biomarker
for disease activity and therapeutic response.
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In NMOSD, evidence from the phase Il TANGO trial and the phase
Il SAkuraSky and SAkuraSTAR trials supports IL-6 blockade as an
effective therapeutic strategy, while the long-term SAkuraMoon study
further confirmed sustained safety, with detailed study characteristics
summarized in Table 1.

Multiple case series have evaluated tocilizumab (TCZ) in NMOSD,
including patients refractory to rituximab (RTX). In a single-center
retrospective cohort from Toulouse, seven patients were treated with
TCZ, four with AQP4-IgG-positive NMOSD and three with myelin
oligodendrocyte glycoprotein-immunoglobulin G associated disease
(MOGAD). All began on monthly intravenous (IV) infusions and three
subsequently transitioned to the 162 mg subcutaneous (SC) formulation;
over a median of 23 months of therapy, no clinical relapses occurred,
although one patient developed a new cervical lesion on magnetic
resonance imaging (MRI) (9). In a separate retrospective series of twelve
NMOSD patients who received subcutaneous TCZ for at least six months,
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Table 1. Key clinical trials and studies of IL-6 inhibitors in neurological diseases
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Study code Clinical trial for
and Study neurological
Drug name | code name disease Study design | Study status | Study dosing = Results of the primary outcome | Adverse events (%)
The primary endpoint was the time
to first protocol-defined relapse The SAkuraMoon
Phase I, . . i .

. during the double-blind period, study, representing the
randomized, . ;
double-blind Satralizumab | assessed up to Week 224. The long-term evaluation

. NCT02028884 ' 12021 120 mg, SC, at | analysis demonstrated a statistically | of satralizumab in
Satralizumab NMOSD placebo- L . . )
SAkuraSky Completed weeks 0, 2 and | significant delay in relapses in the NMOSD patients,
controlled and . ;
- 4,and Q4W | treatment group compared to the | will be considered
multicenter T }
study control group (p=0.02), indicating for reporting adverse
the intervention’s superiority in events.
prolonging relapse-free survival.
In the randomized, double-blind
clinical trial NCT02073279, the
primary endpoint was time to first
protocol-defined relapse during the
double-blind (DB) period, assessed
up to Week 216, with a statistically | The SAkuraMoon
Phase IlI, N : .
randomized significant difference (p=0.02) study, representing the
double—blin('i Satralizumab | between groups. long-term evaluation
Satralizumab NCT02073279 NMOSD lacebo- ' 12022 120 mg, SC, at | Participants in the placebo group of satralizumab in
SAkuraSTAR P Completed weeks 0, 2 and | received placebo injections until NMOSD patients,
controlled and B ) h .
. 4,and Q4W | experiencing a relapse or reaching | will be considered
multicenter ; .
study the end of the DB phase, after which | for reporting adverse
they switched to satralizumab. events.
In contrast, the treatment group
received satralizumab from the
beginning of the study. This design
allowed comparison of early vs
delayed initiation of satralizumab.
Arthralgia (2%),
back pain (12%),
constipation (11%),
In the long-term safety study cough (12%),
NCT04660539, conducted over COVID-19 (19%),
a period of up to 523 weeks, the diarrhea (13%), fatigue
primary safety endpoints focused (10%), headache
on the incidence of adverse events | (27%), injection-
Phase lII, (AEs) and serious adverse events related reactions
NCT04660539 multicenter, 2024 Satralizumab | (SAEs) among participants: AEs (15%), insomnia
Satralizumab | SAkuraMoon | NMOSD single arm and Completed 120 mg, SC, were reported in 162 participants (10%), leukopenia
open-label P Q4w (97.6%), while SAEs occurred in 44 | (11%), nasopharyngitis
study participants (26.5%). Additionally, (29%), nausea (13%),
the number of participants with oropharyngeal
adverse events of special interest pain (10%), pain in
(AESIs) and selected AEs was 0%, extremity (16%),
indicating no such events were rash (12%), upper
observed during the study period. respiratory tract
infection (28%), and
urinary tract infection
(24%)
Myasthenia Gravis - Activities
of Daily Living total score at
Week 24 showed a statistically
significant improvement in patients
with acetylcholine receptor
immunoglobulin G-positive
generalized myasthenia gravis who
Phase IlI, Satralizumab | received satralizumab compared to
randomized, 120 mgor 180 | placebo (adjusted mean change -3.6 COVID-19 (13%)
NCT04963270 | Generalized double-blind, 2024 mg, based on | vs -2.6; between-group difference infections (457; ’and
Satralizumab | LUMINESCE Myasthenia Gravis placebo- . body weight, |-1.0; 95% ClI: -1.9 to -0.2; p=0.01). - o
Terminated 3 . : injection-related
(MG) controlled and SC, at weeks | The study was terminated following .
) , - . . reactions (15%)
multicenter 0,2,4,and a sponsor’s decision to discontinue
study Q4W the development of satralizumab for

generalized MG, based on a review
of the primary endpoint results
from the double-blind (DB) phase.
Consequently, further dosing with
the study drug was halted, including
during the ongoing open-label
extension period.
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Table 1. Continued...
Pha_se V, Satralizumab | The study was terminated because S —
clinical, 120 mg, SC, at | it was not feasible to recruit Injection site reaction
. NCT05269667 imaging and 2023 8> L - (25%), Alanine
Satralizumab .| NMOSD . . weeks 0, 2,4, | enough eligible participants at the .
SAkuraBonsai biomarker Terminated 2 N > e X aminotransferase
then Q4W to | investigative sites; only four patients | . . Lo
open-label increased* (25%)
week 92. had been enrolled.
study
Aneurysmal Satralizumab, Withdrawn due to the
. NCT05727657 Y . Phase | clinical | 2024 120 mg, SC, . - X
Satralizumab Subarachnoid . . discontinuation of support from the | No posted
SASH trial Withdrawn 1 | on Day 0 and :
Hemorrhage 14 pharmaceutical manufacturer.
Phase IlI,
open-label, Recruitment is
Satralizumab NCT05199688 NMOSD uncontrolled Recruiting No data Recruitment is ongoing; therefore, ongoing; therefore, no
SAkuraSun and no results have been posted yet. adverse events have
multicenter been posted yet.
study
Phase I,
randomized, . .
double-blind R, Recruitment is
Satralizumab NCT05271 409 MOGAD placebo- Recruiting No data Recruitment is ongoing; therefore, ongoing; therefore, no
Meteoroid no results have been posted yet. adverse events have
controlled and
. been posted yet.
multicenter
study
Phase I,
randomized . . .
! Satralizumab Recruitment is
. NCT05503264 NMDAR or LG”. double-blind, . 60 mg, SC, at | Recruitment is ongoing; therefore, ongoing; therefore, no
Satralizumab | . antibody-associated | placebo- Recruiting
Cielo L weeks 0, 2,4, | no results have been posted yet. adverse events have
Encephalitis controlled and
) and Q4W been posted yet.
multicenter
study
Phase I,
open-label and Recruitment is
Satralizumab NCT06450639 | Duchenne Muscular | multicenter Recruitin No data Recruitment is ongoing; therefore, ongoing; therefore, no
SHIELD DMD | Dystrophy study g no results have been posted yet. adverse events have
Pediatric been posted yet.
Patients
Phase I,
randomized, Satralizumab Not yet recruiting;
. NCT06222827 Facioscapulohumeral | double blind, Active, not 120 mg, SC, at Not yet recruiting; consequently, no | therefore, no adverse
Satralizumab Muscular Dystrophy | placebo- o weeks 0, 2, 4,
REINFORCE recruiting results have been posted. events have been
1 controlled then Q4W to osted vet
pilot and week 48 P yet
bicentric study
Retrospective-
E;(])qs_pectlve, Not yet recruiting;
Satralizumab NCT06829524 NMOSD interventional Not yst No data Not yet recruiting; consequently, no | therefore, no adverse
HANDLE cohort and recruiting results have been posted. events have been
) posted yet.
single-center
study
Phase IV,
randomized, Satralizumab Not yet recruiting;
. NCT07010302 international, | Not yet 120 mg, SC, at | Not yet recruiting; consequently, no | therefore, no adverse
satralizumab BEST-NMOSD NMOSD multicenter recruiting weeks 0, 2,4, | results have been posted. events have been
and, adaptive then Q4W posted yet.
clinical trial
Blood pressure
In this 16-week double-blind study, | increased (14%),
14 participants received 8 mg/kg dysphonia (14%),
of intravenous tocilizumab every 4 | dyspnea (21%), fall
weeks for a total of 3 months, while | (21%), fatigue (14%),
Phase Il Tocilizumab 8 participants received placebo on | headache (14%),
Tocilizumab NCT02469896 | Amyotrophic Lateral | randomized 2018 8 mg/kg, IV the same schedule. There was no muscular weakness
TCZALS-001 Sclerosis and placebo- | Completed Q4w & statistically significant difference (21%), nasopharyngitis
controlled trial ' in drug tolerability between the (14%), post lumbar
tocilizumab and placebo groups puncture syndrome
(p=0.6). Moreover, no mortality was | (14%), procedural pain
reported in either group throughout | (21%), puncture site
the study period. pain (14%), and salivary
hypersecretion (14%).
zhzsnella&b!'[ 2018 Tocilizumab | Although the study reached No adverse event data
Tocilizumab | NCT03062579 | NMOSD si'; le-center | Completed 8 mg/kg, IV, completion, the outcome data have has vet been reported
g P Q4-6W. not yet been posted. 4 P :

trial
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Table 1. Continued...
In a randomized controlled trial Anemia (27%), fatigue
comparing tocilizumab and (22%), hepatotoxicity
azathioprine for disease relapse (31%), nausea (14%),
prevention, 8 of 59 patients upper respiratory tract
(14%) in the tocilizumab group infection (29%), and
experienced a relapse by study end, | urinary tract infection
Phase Il compared to 28 of 59 (47%) in the | (29%). Treatment-
NCTO3350633 randomized. | 501 Tociuma iyt 500156 | were more requent
Tocilizumab | TANGO NMOSD controlled and 8 mg/kg, IV, perp : VSIS, . req
Completed patients (89%) in the tocilizumab in the azathioprine
open-label Q4W : 090,
trial group remained relapse-free versus | group (49 of 59; 83%)
29 of 52 (56%) in the azathioprine than the tocilizumab
group (p<0.001) Median time to first | group (36 of 59; 61%).
relapse was significantly longer in There was one death
the tocilizumab group (67.2 weeks; | (2%) reported in each
IQR 47.9-77.9) compared to the group, but neither was
azathioprine group (38.0 weeks; IQR | considered treatment
23.6-64.9; p<0.001). related.
Ischemic Stroke f::;zr::ig;![c,j Although the study reached
- NCT06238024 | Undergoing S 2024 Single dose of e’ Y No adverse event data
Tocilizumab double-blind ° completion, the outcome data has
IRIS Endovascular Completed tocilizumab has yet been reported.
Treatment and placebo- not yet been posted
controlled trial
This study enrolled
only one patient and
Phase I, Tocilizumab | The study was terminated due to was gubsequently
. . terminated due to low
double-blind 2013 8 mg/kg, low enrollment, with only one enrollment. In this
Tocilizumab | NCT01693653 | Behcet's Syndrome | and placebo- . IV, Q4W to participant enrolled. Consequently, . T
Terminated 4 X X patient, no serious
controlled month 3 results are available for a single
study patient only. adverse events or
’ other adverse events
not classified as
serious were observed.
Phase I,
randomized, . .
- Recruitment is
double-blind, Recruitment is ongoing; therefore ongoing; therefore, no
Tocilizumab | NCT05067348 | Generalized MG placebo- Recruiting No data going, ' going, '
no results have been posted yet. adverse events have
controlled and
) been posted yet.
multi-center
clinical trial
Tocilizumab Recruitment is
Phase Il 8 mg/k Recruitment is ongoing; therefore ongoing; therefore, no
Tocilizumab | NCT05716035 | Generalized MG open-label and | Recruiting J going, ' going '
. - 1V, at weeks no results have been posted yet. adverse events have
extension trial
1.5.9.13. been posted yet.
f:najgrlr:ti)z'ed Tocilizumab Recruitment is
Tocilizumab | NCT05845723 Vascular Behcet's open-label Recruiting 8 mg/kg, IV, Recruitment is ongoing; therefore, ongoing; therefore, no
Syndrome multi-center Q4W to weeks | no results have been posted yet. adverse events have
24. been posted yet.
study
Phase 11&ll1, . .
randomized Tocilizumab . . . Recru.ltment s
Tocilizumab NCT06452537 MOGAD controlled and | Recruiting 8 mg/kg, IV, Recruitment is ongoing; therefore, | ongoing; therefore, no
TOMATO - no results have been posted yet. adverse events have
multicenter Q4w
been posted yet.
study
Acute Anterior Phase I,
Circulation Large randomized, Tocilizumab Recruitment is
Tocilizumab NCT07263776 | Vessel Occlusion double-blind Recruitin 240 me. IV Recruitment is ongoing; therefore, | ongoing; therefore, no
IRIS-2 Stroke Undergoing | and placebo- g single glose' no results have been posted yet. adverse events have
Endovascular controlled g been posted yet.
Treatment trial-2
Effect of
Interleukin-6
Receptor Inhibition
for Avoiding Phase ”].' - Not yet recruiting;
Recurrence of randomized, Not yet Tocilizumab Not yet recruiting; consequently, no | therefore, no adverse
Tocilizumab | NCT06447701 - double-blind . 320 mg, IV, ' ! '
Ischemic Stroke recruiting . results have been posted. events have been
. - : and placebo- single dose.
in Patients with . posted yet.
Symptomatic controlled trial
Intracranial
Atherosclerosis
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Table 1. Continued...
Aneurysmal Phase |, Tocilizumab
Subarzchnoid prospective 6 mg/kg, Not yet recruiting;
Tocilizumab | NCTO6863480 | Hemorrhage single-arm, Not yet IV, on Day Not yet recruiting; consequently, no | therefore, no adverse
Delaved Cegrebral open-label and | recruiting 0 following results have been posted. events have been
Ischeymia single-center subarachnoid posted yet.
study hemorrhage
Tocilizumab
If <30 kg: 12
mg/kg IV once
New-Onset Phase Il every 2 weeks Not yet recruiting;
Tocilizumab | NCT07281027 | Refractory Status randomized Not yet If 230 kg: 8 Not yet recruiting; consequently, no | therefore, no adverse
Epile ticrlzls controlled trial | recruiting mg/kg IV once | results have been posted. events have been
priep cohort every 2 weeks posted yet.
Maximum
dose: 800 mg
per dose
Tocilizumab
Phase I”.' 4 mg/kg, Status remains
randomized IV, Q2w . . .
L. Refractory Status . A Unknown Status remains unknown; unknown;
Tocilizumab | NCT05346666 I interventional to month .
Epilepticus. status . consequently, no data are available. | consequently, no data
and double- 3; 8 mg/kg are available
blind study monthly if '
needed

Studies on IL-6 inhibitors in the field of neurology were initially identified through the ClinicalTrials. gov database. The outcomes of these studies were first verified directly from
the corresponding ClinicalTrials. gov entries, with particular emphasis on primary endpoints and reported adverse events. For studies without published results on ClinicalTrials.
gov, relevant publications were retrieved via PubMed using the respective trial identification numbers, and the necessary data were extracted. In placebo-controlled trials, adverse
events were often reported in multiple blocks on ClinicalTrials. gov; therefore, when the frequency of adverse events was 210%, the data were extracted from the corresponding
PubMed publication and included in the table. Long-term safety data for satralizumab were also incorporated from the SAkuraStar and SAkuraSky trials, and adverse events
from the SAkuraMoon trial, which includes all SAkura studies, were also recorded. Some patients experienced more than one category of adverse event. The severity of adverse
events was graded according to the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0) and coded using the preferred terms from the Medical Dictionary for
Regulatory Activities (MedDRA, version 22.0 or 20.0). Only adverse events occurring in 210% of patients were included when constructing the table. The table is presented according
to study status, highlighting the current stage of each trial; *: All data presented in this table were extracted from the official FDA and EMA labeling information; IV: intravenous;
MG: myasthenia gravis: MOGAD: myelin oligodendrocyte glycoprotein antibody-associated disease: NMOSD: neuromyelitis optica spectrum disorder; Q2W: every 2 weeks; Q4W:
every 4 weeks; SC: subcutaneous; 1: lost support from the drug manufacturer; 2: study has proved infeasible to recruit in sufficient numbers, there are insufficient eligible patients
presenting to sites; 3: sponsor decided to halt development of satralizumab in generalized myasthenia gravis and discontinued further dosing with the study drug (while the Open
Label Extension period was ongoing) upon reviewing the primary results (DB period); 4: low enrollments.

the annualized relapse rate (ARR) decreased from a median of 2 to 0
on therapy (p=0.002), and two thirds of patients remained relapse-free;
one death due to severe myelitis was reported (10). Collectively, these
observational data support IL-6R blockade as a viable option in RTX-
refractory NMOSD and indicate that SC administration can achieve
disease control comparable to IV dosing, while acknowledging the
inherent limitations of small, nonrandomized cohorts.

Myelin Oligodendrocyte Glycoprotein-Immunoglobulin

G Associated Disease

MOGAD is an autoimmune demyelinating disorder of the CNS,
frequently associated with recurrent optic neuritis, transverse myelitis,
acute disseminated encephalomyelitis, or brainstem encephalitis.
Myelin oligodendrocyte glycoprotein (MOG) is a glycoprotein found
in the myelin sheath and on oligodendrocytes, where it may serve as
an adhesion protein. In MOGAD, IL-6 shapes the immune response
by guiding B lymphocyte maturation, promoting their differentiation
into antibody-secreting plasma cells, and enhancing somatic
hypermutation in germinal centers (11). Experimental studies indicate
that IL-6 inhibition lowers myelin oligodendrocyte glycoprotein
immunoglobulin G levels and alleviates disease activity, emphasizing its
therapeutic relevance (12).

Consistent with these mechanistic insights, clinical evidence supports a
potential role for IL-6 receptor blockade in refractory MOG-associated
neuroinflammation. In a clinical cohort where RTX proved insufficient,
three patients with active neuroinflammatory disease were transitioned
to TCZ therapy (8 mg/kg IV monthly or 162 mg SC weekly). Following a
treatment period of 5-29 weeks, all patients achieved complete clinical
and radiological stabilization. Notably, the ARR was reduced to zero, with
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longitudinal MRI surveillance confirming no new lesion activity, indicating
that TCZ may be a relevant alternative for RTX-refractory cases (9). In
another case, a patient with MOG antibody-associated optic perineuritis
complicated by granulomatosis with polyangiitis was treated with IV TCZ
(400 mg/week for four weeks), followed by high-dose prednisolone. This
regimen resulted in recovery of visual acuity and fields to pre-onset levels,
with no recurrence of vision loss; prednisolone was tapered to 5 mg/
day over the subsequent 18 months while continuing TCZ therapy (13).
Similarly, a case of anti-MOG antibody-associated encephalomyelitis
following vector-based SARS-CoV-2 vaccination, which initially mimicked
bacterial meningomyelitis, demonstrated extensive T2-hyperintense
lesions involving the supratentorial and infratentorial regions as well
as the cervical spinal cord. The patient received aggressive induction
therapy with plasmapheresis and high-dose corticosteroids, followed by
maintenance treatment with monthly tocilizumab (400 mg), resulting
in marked clinical improvement and significant radiological regression
within 90 days (14). Finally, a highly refractory MOGAD case with a
high antibody titer (1:320), which remained active despite sequential
treatment with natalizumab, RTX, and cyclophosphamide, achieved
complete clinical and radiological stabilization following initiation of
tocilizumab at a dose of 8 mg/kg. After a 12-month monthly induction
phase, the dosing interval was successfully extended to a bi-monthly
regimen without further relapses or new MRI activity (15).

Epilepsy

Epilepsy encompasses a diverse group of chronic neurological conditions
defined by a predisposition to unprovoked and repetitive seizures,
arising from various etiologies and pathophysiological mechanisms,
and exhibiting wide-ranging clinical presentations and prognoses. In
epilepsy, IL-6 has been shown to modulate excitatory neurotransmission
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by enhancing glutamate release, impairing long-term potentiation,
reducing hippocampal neurogenesis, and promoting reactive gliosis.
Through these mechanisms, IL-6 contributes to increased neuronal
excitability and plays a critical role in epileptogenesis. Accumulating
experimental and clinical evidence further indicates that elevated IL-6
signaling is associated with both seizure initiation and the worsening of
epileptic activity (16). Elevated IL-6 levels correlate with both seizure
frequency and severity, suggesting its potential as a biomarker of
disease course.

Tocilizumab (TCZ) shows variable outcomes in FIRES, a syndrome
characterized by febrile onset followed by refractory seizures. In one
case, switching from anakinra to TCZ led to a 30% reduction in seizures
and marked improvement in cerebral metabolism on PET imaging (17).
Early initiation of TCZ may be critical: in two refractory FIRES cases,
treatment with 4 mg/kg and 8 mg/kg resulted in rapid and complete
seizure cessation within days (18). However, in a patient with FIRES, two
doses of TCZ (8 mg/kg) initially achieved temporary seizure suppression;
however, seizures recurred two weeks later. Despite readministration,
seizure frequency increased, indicating a failure to maintain clinical
control with IL-6 inhibition (19). In another case of New-Onset
Refractory Status Epilepticus (NORSE), the patient proved refractory
to multiple anti-seizure medications and various immunotherapies,
including TCZ (8 mg/kg). However, the introduction of anakinra 28 days
after the onset of status epilepticus successfully led to the resolution of
status epilepticus (20).

Taken together, current evidence suggests that IL-6 blockade with TCZ
may provide therapeutic benefit in selected cases of epilepsies driven
by neuroinflammation, particularly when initiated early. However, the
marked variability in treatment response underscores the need for
further controlled studies to define appropriate patient selection criteria
and the optimal timing of intervention.

Neuro-Behcet's Disease

Behcet's disease (BD) is a systemic vasculitis characterized by recurrent
inflammation affecting various organ systems, including the skin,
mucous membranes, joints, eyes, gastrointestinal tract, and nerves.
Behcet's disease with neurological involvement is referred to as
neuro-Behcet’s disease. Although the pathophysiological mechanisms
underlying IL-6 elevation remain unclear, CSF IL-6 levels play a pivotal
role in neuro-Behget's disease. They correlate strongly with disease
activity, therapeutic response, and prognosis, and reliably reflect both
acute and chronic progressive parenchymal neuro-Behget’s disease
(pPNBD) (21). In a cohort of 11 patients with pNBD, treatment with TCZ
at a dose of 8 mg/kg IV every four weeks resulted in significant clinical
and radiological improvement over a median follow-up of 13 months.
Notably, both the BD Current Activity Form and modified Rankin scores
demonstrated substantial reductions, reflecting decreased disease
activity and improved neurological function (22). Similarly, in a case
series of three patients with refractory neuro-BD, TCZ was associated
with a rapid therapeutic response. While two patients experienced
partial improvement, one achieved near-complete remission.
Throughout treatment, MRI findings remained stable, and no serious
adverse events were reported. Furthermore, corticosteroid tapering was
successful in all cases, with one patient discontinuing glucocorticoids
entirely (23).

Myasthenia Gravis and Other Neuromuscular Conditions

Myasthenia gravis (MG) is an autoimmune disorder characterized
by impaired transmission at the neuromuscular junction, leading to
fluctuating muscle weakness and pathological fatigue. Approximately
80% of MG cases are mediated by antibodies targeting the acetylcholine
receptor (AChR). In addition, anti- AChR antibodies can influence IL-6
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production in muscle cells. Beyond the direct pathogenic effects of
autoantibodies, IL-6 may contribute to the immunopathogenesis of
MG by promoting T-cell polarization toward a pro-inflammatory Th17
phenotype, enhancing B-cell activation, and facilitating the differentiation
of B cells into antibody-secreting plasma cells (24).

Tocilizumab has demonstrated promising efficacy and safety in the
treatment of generalized MG, particularly in patients refractory to
standard immunotherapies. In a randomized controlled trial, TCZ
showed superior efficacy compared to conventional immunotherapy,
with significantly greater reductions in Myasthenia Gravis Activities
of Daily Living (MG-ADL) scores and Quantitative Myasthenia Gravis
Scale (QMG) scores sustained through 24 weeks (25). Similarly, in
five elderly patients with newly diagnosed anti-AChR-positive MG,
TCZ led to substantial improvements in both MG-ADL and QMG
scores over a six-month period, without serious adverse effects (26).
Moreover, TCZ provided clinical benefit in two patients with RTX-
refractory MG, improving muscle strength and symptom stability
without any reported adverse events (27). In patients with coexisting
Graves' orbitopathy and ocular MG, TCZ significantly improved
MG-ADL QMG scores, resolved diplopia and ptosis, and enhanced
Graves' Orbitopathy Quality of Life subscale scores, with no adverse
effects observed (28). In generalized MG, evidence from the phase IlI
LUMINESCE trial supports IL-6 blockade as an effective therapeutic
strategy, with detailed study characteristics summarized in Table 1.
In conclusion, both TCZ and satralizumab show potential in treating
MG, with TCZ offering improvements in various patient subsets.
However, additional research is necessary to establish their long-term
effectiveness and safety profiles.

Muscular dystrophies are characterized by persistent inflammation and
sustained activation of both innate and adaptive immune responses.
Among pro-inflammatory mediators, IL-6 has emerged as a pivotal
cytokine contributing to muscle degeneration, immune cell activation,
and progressive fibrotic remodeling across distinct dystrophic phenotypes
(29) In Duchenne and facioscapulohumeral muscular dystrophy, ongoing
phase Il trials are evaluating IL-6 blockade with satralizumab as a potential
therapeutic strategy, with detailed study characteristics summarized in
Table 1.

Autoimmune Encephalitis

Autoimmune encephalitis (AE) encompasses a group of disorders
marked by the production of autoantibodies that target neural tissue,
resulting in dysfunction. Recent advances in research have improved
the identification of novel autoantibodies, thereby enhancing both the
diagnostic process and therapeutic approaches for AE.

The immunopathogenic mechanisms of AE, however, often involve a
broader inflammatory cascade, the IL-6 signaling pathway is implicated
as a central driver. IL-6 is elevated in the CSF of patients with AE (30). In
this context, IL-6 promotes B cell proliferation and antibody production,
drives differentiation of T cells toward the pro-inflammatory Th17
subset, reduces regulatory T cell proportions, and stimulates expansion
of CD8+ cytotoxic T lymphocytes (7). These mechanisms underscore
IL-6's central role in orchestrating both humoral and cellular immune
responses in AE.

Lee et al. investigated the effectiveness of TCZ in treating rituximab-
resistant AE in which 14 out of 18 patients (77.8%) showed significant
clinical improvement, especially in seizures, and cognitive symptoms
(31). This body of evidence highlights the strategic importance of IL-6 as a
therapeutic target, particularly in refractory AE, offering a mechanism to
dampen both the antibody-driven pathology and the associated cellular
immune dysregulation.
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Neurosarcoidosis

Sarcoidosis frequently extends to the nervous system, manifesting as
neurological complications that include cranial neuropathies, chronic
meningitis, and parenchymal CNS lesions, as well as peripheral
neuropathy and myopathy. Elevated CSF IL-6 levels are associated
with active disease and are frequently accompanied by an increased
CD4/CDS8 ratio. Notably, CSF IL-6 concentrations exceeding 50 pg/
mL correlate with disease progression, relapse, and shorter relapse-
free survival, supporting its role as a biomarker of disease activity and
prognosis (32). Additionally, the elevation of IL-6 is not limited to CSF;
IL-6 expression has been demonstrated to be upregulated in sarcoid
granulomas (33).

In one case series, four patients with systemic sarcoidosis improved on
TCZ, with marked clinical benefit documented in three (34). Conversely,
paradoxical development of sarcoidosis has been reported in patients
receiving TCZ for rheumatoid arthritis with variable organ involvement
and received heterogeneous management. In this rheumatoid arthritis
cohort, TCZ dosing was inconsistently reported; management strategies
ranged from local or systemic corticosteroids to TCZ dose reduction
or discontinuation, generally resulting in clinical improvement (35).
Similar paradoxical presentations, including cutaneous and multisystem
sarcoidosis, have also been described in patients with giant cell arteritis
under TCZ. Management approaches in these cases included dose
reduction to 4 mg/kg IV every four weeks, adjunctive local corticosteroids,
or complete withdrawal of TCZ (36).

Multiple Sclerosis

Multiple sclerosis is a chronic, inflammatory, demyelinating, and
neurodegenerative disease of the CNS. It is classically regarded as an
immune-mediated disorder in which myelin-specific T cells initiate
pathogenic inflammatory responses leading to demyelination. Among
these, CD4* T cells are considered the principal effector cells in MS
pathogenesis.

A patient with MS developed rheumatoid arthritis (RA) 25 years after
MS onset, following a nine-year period of stable, medication-free
remission. Rheumatoid arthritis treatment included prednisolone,
methotrexate, and tacrolimus; however, despite combination therapy,
marked radiographic progression with joint space narrowing of the knees
and ankles was observed within one year. Given the potential risk of
demyelinating disease exacerbation associated with anti-tumor necrosis
factor agents, TCZ was initiated at a dose of 8 mg/kg every four weeks.
Clinical remission was achieved after the second TCZ infusion, allowing
discontinuation of methotrexate and tacrolimus within six months and
tapering of prednisolone to 0.5 mg/day within one year. During a five-
year follow-up period, the patient remained in sustained remission on
TCZ therapy without evidence of neurological deterioration (37).

Alzheimer Disease

Alzheimer’s disease is marked by amyloid-f aggregation outside neurons
and the accumulation of hyperphosphorylated tau in intraneuronal
neurofibrillary tangles. IL-6 is a constituent of early-stage amyloid plaque
formation in AD brains and has been associated with aberrant tau
phosphorylation, synaptic degeneration, and cognitive deficits in murine
models (38). No clinical studies have been published on AD with IL-6
antagonists.

Amyotrophic Lateral Sclerosis

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative
disorder characterized by the loss of motor neurons and consequent
muscle weakness. The evidence suggests that increased IL-6 trans-
signaling in the spinal cord and skeletal muscle with impaired sgp130
regulation in the CNS and a more balanced response in the periphery
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may contribute to linking systemic inflammation with central

neuroinflammatory processes in ALS (39).

The phase Il TCZALS-001 trial demonstrated that TCZ was safe and well
tolerated in patients with ALS; detailed information regarding the study
is presented in Table 1.

Stroke

Stroke is an acute brain injury caused by cerebral ischemia or intracranial
hemorrhage. Hemorrhagic stroke arises from vascular rupture with
intracranial bleeding, whereas ischemic stroke results from a sudden
reduction in cerebral perfusion, leading to oxygen and glucose
deprivation and tissue damage. Following ischemic and hemorrhagic
stroke, IL-6 levels rise rapidly due to secretion by glial cells, endothelial
cells, and infiltrating immune cells. This upregulation contributes to BBB
disruption, edema, and neuronal damage but also activates reparative
processes such as angiogenesis and tissue remodeling through STAT3-
dependent pathways (40,41). . Elevated circulating IL-6 levels have
been independently associated with an increased risk of stroke, as
demonstrated in the REGARDS cohort study (42), thereby establishing
IL-6 as both a critical mediator of acute injury and a long-term prognostic
marker for cerebrovascular risk.

Primary Central Nervous System Vasculitis

Primary central nervous system vasculitis (PCNSV), also termed primary
angiitis of the CNS, is a rare inflammatory vasculopathy restricted to
the brain and spinal cord, characterized by diverse and nonspecific
neurological manifestations. Four patients with biopsy-proven disease
or a strong clinical and radiological suspicion of PCNSV received pulse
corticosteroid therapy (1 g/day for 3-5 days) as initial treatment. This
was followed by maintenance therapy with oral prednisolone (1 mg/
kg/day or a tapered dose of 40 mg/day). In patients who developed
ischemic lesions while receiving immunosuppressive therapy with
cyclophosphamide (750 mg/m?/month) or azathioprine (1-2 mg/
kg/day), TCZ at a dose of 8 mg/kg every 4 weeks was added to the
treatment regimen. No new ischemic lesions were observed during TCZ
therapy (43,44).

PHARMACOLOGICAL FEATURES AND
ADVERSE EVENTS

Overview of Available IL-6 Inhibitors

Clinical evidence supporting IL-6 blockade is derived from multiple
randomized controlled trials conducted in neurological disorders.
However, even before these trials, off-label use of IL-6R antagonists,
particularly TCZ, had been employed in selected cases. The FDA and
EMA have approved TCZ for the treatment of rheumatoid arthritis, giant
cell arteritis, polyarticular juvenile idiopathic arthritis, systemic juvenile
idiopathic arthritis, cytokine release syndrome (CRS), and COVID-19.
The CRS approval covers severe cases (in adult and pediatric patients
aged two years and older) induced by chimeric antigen receptor T-cell
therapy. The COVID-19 approval applies to hospitalized adult patients
receiving systemic corticosteroids who require supplemental oxygen or
mechanical ventilation (7).

Satralizumab was granted orphan designation in the United States and
European Union before receiving marketing approval in Canada and
Japan in June 2020, in the United States in August 2020, and in the
European Union in June 2021 for AQP4-1gG-seropositive NMOSD (45).

Vobarilizumab, an IL-6 receptor-targeting monoclonal antibody, anti-
IL-6 monoclonal antibodies (olokizumab, siltuximab, clazakizumab,
sirukumab and ziltivekimab), as well as the IL-6 trans-signaling inhibitor
olamkicept, have not yet been utilized in neurological indications (2).
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Table 2. Pharmacological features of IL-6 inhibitors
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Approved for
Mechanism Neurological Contraindication / Pharmaceutical
Drug name | of action diseases Major warnings dosage form Dosing frequency Half-life Adverse Events
Contraindicated in Most frequent/
patients with known important: upper
hypersensitivity to respiratory
sarl!umab o.r ex<.:||:.)|ents. 150 mg or 200 mg !n'fect‘lons,‘
No- not approved Major warnings: risk injection-site
. L . subcutaneous every )
- for neurological of serious infections, ) - reactions,
. Anti-IL-6R | .~ - R 2 weeks (pre-filled Concentration .
Sarilumab indications (approved | neutropenia, SCinjection . neutropenia,
mAbs S ) syringe/pen). See label | dependent .
indications are thrombocytopenia, ) increased
- . for dose adjustments )
rheumatologic). hepatic enzyme i~ transaminases,

- and specifics. L L
elevations, lipid abnormalities;
hypersensitivity; monitor serious infections
for infections and lab possible. Monitor
abnormalities per label. labs and infections.

Major AEs:
Approved for Maior warnings: active 120 mg subcutaneously infections
NMOSD (AQP4- Viajor 8s: — loading: Weeks 0, (including
= infection- delay therapy : .
1gG seropositive . ) . 2, and 4 (three doses), serious), injection-
. until resolved; monitor . . .
. patients) (FDA and . ) . then maintenance: | site reactions,
. Anti-IL-6R for serious infections, - ~30 days (range: ;
Satralizumab EMA approvals — ) SCinjection 120 mg every 4 neutropenia,
mAbs - neutropenia, elevated . 22 to 37 days)
indicated as add-on ) o weeks. (Label provides elevated
LFTs; hypersensitivity S ) ; ;
or monotherapy RN, administration details transaminases,
X reactions; avoid/withhold . . o
depending on . : and special population hypersensitivity;
. live vaccines per label. ;
region/label). notes.) monitor labs and
for infections.
Major AEs:
No- not approved Contraindicated in serious infections,
specifically patients with known infusion-/injection-
for primary hyp'grsensmwt'y to IV: 6 mg/kg (may related reaguons,
neurological diseases | tocilizumab. Risk of . neutropenia,
L . up-titrate to 8 mg/kg) . .
(although used serious infections (boxed . Concentration- thrombocytopenia,
off-label in some warning), elevated every 4 weeks (typical dependent, a elevated
- Anti-IL-6R . . ' . IV and SC RA dosing); SC: 162 mg ) et )
Tocilizumab neuroimmunological | LFTs, neutropenia, T o terminal half-life | transaminases,
mAbs - . injection weekly (or as specified . L
conditions). thrombocytopenia, Gl A of approximately | lipid changes, Gl
[T A by indication). Dose ;
Approved indications | perforation risk in some ) S 21.5 days perforation (rare),
. ) S varies by indication and A
are rheumatologic patients, hypersensitivity; weicht — consult label dermatologic/
and other systemic screen for TB and other g ' viral infections.
inflammatory infections and monitor Monitor CBC, LFTs,
diseases. labs per label. lipids, and signs of
infection.

mAbs: monoclonal antibodies; NMOSD: neuromyelitis optica spectrum disorder; IV: intravenous; SC: subcutaneous; EMA: European Medicines Agency; FDA: U. S. Food and Drug
Administration; AQP4-1gG: aquaporin-4 immunoglobulin G; LFTs: liver function tests; Gl: gastrointestinal; TB: tuberculosis; AEs: adverse events; CBC: complete blood count; *: All
data presented in this table were extracted from the official FDA and EMA labeling information.

The use of off-label medications has become increasingly common in
clinical practice, particularly in the treatment of rare neurological diseases,
where conducting randomized controlled trials is often challenging.

The pharmacological properties, dosing regimens, and safety profiles
of major IL-6 inhibitors are comprehensively summarized in Table 2.
Furthermore, the various therapeutic strategies employed to target IL-6
signaling pathways are illustrated in Figure 3.

Neurological Disease Trials with IL-6 Inhibitors: Design Features
and Reported Adverse Events

Studies investigating IL-6 inhibitors in neurological diseases were
initially identified through the ClinicalTrials. gov database. The clinical
significance of targeting IL-6 signaling is summarized in Table 1, which
compiles 27 studies focused on inhibiting this pathway. Of these, seven
studies have been completed, while the remaining trials are distributed as
follows: one withdrawn, three terminated, nine recruiting, one active but
not recruiting, five not yet recruiting, and one with unknown status. These
trials investigate agents such as satralizumab and TCZ targeting a wide

range of neurological diseases, thereby demonstrating the broad efficacy,
safety, and methodological approaches of IL-6 inhibition. Specifically,
TCZ was investigated in 14 trials, primarily in NMOSD, but also in epilepsy,
MG, stroke, Behcetdisease, Aneurysmal Subarachnoid Hemorrhage
Delayed Cerebral Ischemia and ALS. Satralizumab was evaluated in
13 trials, mainly in NMOSD, with some studies including patients with
MOGAD, MG, Aneurysmal Subarachnoid Hemorrhage, NMDAR or
LGI1 antibody-associated Encephalitis, DMD and Facioscapulohumeral
Muscular Dystrophy 1 (Table 1).

Tocilizumab Induced Adverse Events: Infusion-related reactions are
among the most reported adverse events associated with TCZ therapy.
These reactions can include symptoms such as fever, chills, and rash, as
well as more severe manifestations like anaphylaxis or respiratory distress.
In rare cases, these reactions may lead to the discontinuation of treatment.
In a study of 16 patients with ocular BD, severe infusion reactions led four
patients to permanently discontinue TCZ (46). Likewise, in a cohort of 11
patients with BD-associated refractory uveitis, severe infusion reactions
necessitated treatment discontinuation in two cases (47).
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Figure 3. Therapeutic strategies targeting IL-6 signaling pathways. A. Agents such as Tocilizumab, Sarilumab, Satralizumab, Vobarilizumab, and Levilimab bind to the IL-6 receptor.
This intervention effectively blocks both classical signaling (by binding to mIL-6R) and trans-signaling (by binding to sIL-6R), thereby providing a broad inhibition of IL-6-mediated
activities. B. Therapeutic antibodies including Siltuximab, Clazakizumab, Sirukumab, Ziltivekimab and Olokizumab directly target and neutralize the IL-6 cytokine itself. By preventing
IL-6 from interacting with any receptor form, these agents suppress all three signaling modalities (classical, trans-signaling, and trans-presentation). C. Olamkicept (a fusion protein of
the extracellular domain of gp130 and the Fc portion of IgG1) represents a more selective approach. It specifically captures the IL-6/sIL-6R complex, thereby inhibiting the pathogenic
trans-signaling pathway while preserving the homeostatic classical signaling (which requires only mIL-6R and membrane-bound gp130). This selectivity is hypothesized to reduce
the risk of side effects associated with global IL-6 blockade. Each therapeutic class is designed to interrupt the gp130 dimerization and subsequent activation of downstream JAK/
STAT, PI3K/Akt, and MAPK/ERK cascades, thereby mitigating the chronic inflammatory responses seen in various autoimmune and neuroinflammatory conditions. ADAM10/17: A
disintegrin and metalloproteinase 10 and 17; CNS: central nervous system; ERK: extracellular signal-regulated kinase; Fc: fragment crystallizable region; gp130: glycoprotein 130; I1gG1:
immunoglobulin G1; IL-6: interleukin-6; JAK1/2: janus kinase 1 and 2; MAPK: mitogen-activated protein kinase; mAb: monoclonal antibody; mIL-6R: membrane-bound IL-6 receptor;

PI3K/Akt: phosphatidylinositol 3-kinase / protein kinase B pathway; sIL-6R: soluble IL-6 receptor; STAT3: signal transducer and activator of transcription 3.

Hematological adverse effects havealso been reported with TCZ treatment,
with neutropenia being among the most significant, particularly in certain
patient populations. For instance, severe neutropenia was observed in
adult patients with FIRES receiving TCZ (18).

Serious infections were reported during TCZ treatment in only one case
of FIRES, 28.6% of patients with NORSE, and 6.3% of patients with BD,
with the latter presenting cellulitis complicated by sepsis (46,48,49).
These infections can pose significant risks and may require adjustments
in treatment regimens or discontinuation in some cases.

Dermatological side effects and viral infections also represent a notable
category of adverse effects associated with TCZ treatment. Skin rashes
and scrotal abscesses were reported in some patients, while others
experienced recurrent viral infections such as labial herpes (50).

Metabolic side effects, particularly dyslipidemia, were frequently
observed in patients treated with TCZ, especially those with BD and
MOGAD. In a case series involving patients with relapsing MOGAD,
hyperlipidemia and hypercholesterolemia was noted in several patients,
which could also be attributed to prior corticosteroid treatment (9,10,51).
In another case series focusing on BD, dyslipidemia was reported in 4.3%
of patients (50).

Satralizumab Induced Adverse Events:

Infusion-related reactions: In the SAkuraSky trial, Infusion-related
reactions occurred in five patients (12.2%) in the satralizumab group
compared to two patients (4.8%) in the placebo group. In the SAkuraStar
trial, infusion-related reactions were reported in eight patients (12.7%) in
the satralizumab group and in five patients (15.6%) in the placebo group
(Table 1).
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Serious infections: Among all anti-IL-6 agents, satralizumab may have a
relatively favorable safety profile in terms of infections. In post-marketing
real-world data, the incidence of serious infections and sepsis remained
consistently low (<5.5%) up to three years of exposure.

Overall, while anti-IL6 therapies have demonstrated significant efficacy
in treating various inflammatory conditions, the occurrence of adverse
events, ranging from infusion reactions to infections and metabolic
disturbances, highlights the need for vigilant monitoring to ensure
patient safety and optimize treatment outcomes.

CONCLUSION

Interleukin-6 plays a vital role in the development of various neurological
disorders. Its role in neuroinflammation has raised interest in IL-6 as a target
for disease-modifying immunomodulatory therapies. Clinical results have
validated this approach in certain conditions. The approval of IL-6 receptor
blockers such as satralizumab for NMOSD, where they significantly reduce
relapse rates, is a notable example. Off-label use of IL-6 inhibitors has
also shown promising outcomes in treatment-resistant cases of MOGAD,
Neuro-BD, and severe epileptic conditions like NORSE and FIRES.

Despite these advancements, several limitations in the current literature
must be acknowledged. While IL-6 pathway inhibition has significantly
advanced the therapeutic landscape for NMOSD, its broader application
in other neurological conditions remains supported primarily by
preliminary, low-level evidence. Significant challenges, such as disease
heterogeneity and the inherent difficulty of isolating the specific
efficacy of IL-6 inhibitors in heavily pretreated rescue settings, limit the
generalizability of current findings. Consequently, randomized controlled
trials are essential to bridge this gap, confirm off-label findings, and
establish long-term safety profiles.
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The benefits of IL-6 inhibition come with important safety considerations.
Because of the increased risk of serious infections and other side
effects, clinicians must also remain vigilant. Interestingly, in some cases,
paradoxical inflammatory responses are reported in conditions like MS
and sarcoidosis which should be taken into consideration. A particularly
exciting area of research is the development of IL-6 inhibitors capable
of crossing the BBB, which could allow for more direct and effective
targeting of CNS inflammation. However, the high cost of biologic
therapies continues to limit access for many patients.
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