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Abstract

Background: Myelin oligodendrocyte glycoprotein (MOG) IgG related optic neuritis (ON) which
manifests as recurrent episodes and severe visual impairment remains a challenging issue in
relapse prevention. Tocilizumab (TCZ), a human monoclonal antibody against IL-6R, may be an
alternative treatment for the prevention of relapse in refractory MOG-ON patients.

Objectives: To investigate the efficacy and safety of Tocilizumab (TCZ] in patients with
recurrent myelin oligodendrocyte glycoprotein IgG related optic neuritis (MOG-ON)].

Design: We conducted an open-label, single-arm, nonrandomized, uncontrolled clinical trial
at a tertiary neuro-ophthalmology center between April 1, 2021, and April 1, 2022.

Methods: Participants with relapsed MOG-0ON, whose disease had been resistant to previous
immunotherapies, received tocilizumab as monotherapy or as an add-on therapy and were
followed up for at least 12months. Annual recurrence rate (ARR), best corrected visual acuity
(BCVAJ, and adverse events were recorded for analyses.

Result: Ten patients (7 females and 3 males) with relapsed MOG-ON were included with a
mean (SD) ages of 28.6 (20.5) years old at disease onset and 30.9 (19.7) years at first TCZ
administration, with a mean disease duration of 26.6 (11.3) months. Seven (70%) patients
remained relapse-free, and the median (range) ARR dropped significantly from 1.9 (0.4-3.5) to
0.0 (0-4.0) during TCZ treatment (p=0.006). Three patients experienced a relapse of ON at 2, 3,
and 7months after TCZ therapy. The median BCVA improved from 2.7 {2.0-3.0) logMAR at the
nadir to 0.2 (0-2.0) logMAR at the last follow-up. Adverse effects included transient diarrhea
(n=1) and upper respiratory infection (n=1).

Conclusion: This study supports that Tocilizumab therapy, with or without concomitant
immunosuppression, is safe and effective in reducing relapses in MOG-ON patients who have
failed immunosuppressive therapy or targeted B-cell therapy.

Trial registration: This trial is registered with the Chinese Clinical Trial Registry, number
ChiCTR2100045273. (URL: https://www.chictr.org.cn/showproj.html?proj=124810)
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Introduction
Myelin oligodendrocyte glycoprotein associated

blindness), with optic disc swelling and extensive
optic nerve lesions.>* Relapse prevention remains

disease (MOGAD) has been recognized as a dis-
tinct disease entity due to the immunopathology
mediated by MOG-IgG. Optic neuritis (ON) is
one of the most frequent clinical manifestations of
MOGAD.12 MOG-ON often manifests as recur-
rent episodes and severe visual impairment (even

a challenging issue in MOG-ON because mainte-
nance therapy treatment to reduce recurrence
including oral low-dose corticosteroids, mycophe-
nolate mofetil (MMF), azathioprine (AZA),
methotrexate, intravenous immunoglobulin
(IVIG), and CD20-mediated B cell-depleting
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monoclonal antibody rituximab (RTX), have
been to show no efficacy in a small proportion of
patients,>7 and currently, no treatment consen-
sus exists for patients with relapsed MOG-ON.

Tocilizumab (TCZ) is the first human monoclo-
nal antibody against interleukin-6 receptor (IL-
6R) and is primarily used in the treatment of
rheumatoid arthritis. There is now sufficient evi-
dence that tocilizumab significantly reduces the
risk of neuromyelitis optica spectrum disorder
(NMOSD) recurrence, and it is also effective in
patients with aggressive manifestations that are
refractory to rituximab or other immunosuppres-
sants.8-16 Although the immunopathogenic mech-
anisms of MOGAD differ from those of AQP4-IgG
positive NMOSD, studies have demonstrated that
the elevated concentration of cerebrospinal fluid
(CSF) IL-6 in MOGAD is comparable to levels
measured in patients with AQP4-IgG positive
NMOSD.!7 Case reports have shown that TCZ
stabilizes the disease for at least 4.5years in
patients with refractory MOG-ON, along with
improvements in clinical symptoms and imaging
manifestations.18:19

Based on this evidence, TCZ may be an alterna-
tive drug of choice for the prevention of relapse in
patients with refractory MOG-ON. Therefore,
we designed a small sample-size clinical trial to
investigate the safety and efficacy of TCZ in
patients with recurrent MOG-ON.

Methods

Participants

Patients were recruited into an open-label trial at
the department of neuro-ophthalmology in the
Chinese People’s Liberation Army General
Hospital between April 1, 2021, and April 1,
2022. Several inclusion and exclusion criteria
were used:

Inclusion criteria:

e Diagnosis of optic neuritis, as defined by
Optic Neuritis Treatment Trial criteria2®

e Seropositivity for IgG specific to MOG,
identified by Cytometric Bead Array (CBA)

e DPatients with two or more relapses ON in
the previous 12months (with at least one
relapse in the preceding 6 months) with the
treatment of immunotherapies

e Aged=12years
e Willing to comply with this test protocol,
and voluntarily sign the informed consent

The trial protocol and supporting documentation
were approved by the PLA review board. Patients
provided written informed consent at enrollment.

Exclusion criteria

e Pregnancy, breast feeding, or plans to con-
ceive during the course of the study (appli-
cable to women only)

e Allergy to any component of the experi-
mental drug

e Patients with severe cardiovascular, liver,
kidney, or hematopoietic  diseases,
diabetes mellitus, or blood pressure=
140/90 mmHg

e DParticipation in other clinical trials within
the last 3 months

Procedures

An attack was defined as a new worsening of vis-
ual function or neurological symptoms lasting for
more than 24 h and not attributable to an identifi-
able cause, such as intercurrent infection. Each
relapse was treated with 500-1000 mg of intrave-
nous methylprednisolone IVMP) for 3 days, fol-
lowed by a tapering dose of oral prednisone
starting at 1mg/kg/day, with variable durations
(at least 3 months). Patients who were previously
on add-on immunosuppressants, including aza-
thioprine (AZA) at a dose of 2.5-3.0 mg/kg/day or
mycophenolate mofetii (MMF) at a dose of
750mg/kg/day, continued their treatment with
oral methylprednisolone at a dose of 4—-6 mg/day
simultaneously. Monthly tocilizumab at a dose of
8 mg/kg was initiated for 12 months, after which
the frequency was tapered to every 2 months.

During treatment, patients returned to the clinic
at 1, 3, 6, and 12months after the initial TCZ
treatment. At each visit, a complete neuro-oph-
thalmology examination was conducted, includ-
ing funduscopic examination, Humphry visual
field test, orbital MRI (when relapse occurred),
optical coherence tomography imaging (measur-
ing peripapillary retinal nerve fiber layer (pRNFL)
thickness and macular ganglion cell—inner plexi-
form layer (mGCL-IPL) thickness). Serum was
obtained before the initiation of TCZ and at the
screening visit, as well as at 1, 3, 6, 12, and
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24 months. Serum MOG-IgG titers were meas-
ured using the CBA.

The primary endpoints were efficacy, measured
by the annual recurrence rate (ARR), and safety,
which was assessed through an adverse event
questionnaire completed by the study coordina-
tor. Secondary endpoints included the best-cor-
rected visual acuity (BCVA) at the last follow-up.
The BCVA was recorded using decimal acuity
and then converted to a logarithm of the mini-
mum angle of resolution (logMAR) for statistical
analysis. The mean BCVA was calculated for
patients with bilateral visual loss.

Statistical analysis

In general, the ARR was calculated by dividing
the number of attacks that occurred before
switching to TCZ or during the TCZ treatment
period by the corresponding treatment duration.
However, for two patients with a follow-up period
of <12 months during TCZ treatment, we divided
the total number of attacks by the specific treat-
ment duration to extrapolate this measure to
lyear. To avoid possible overestimation of the
ARR in the latter group, we excluded those two
patients with TCZ treatment durations of
<12 months for subgroup analyses.

Values are reported as the mean (SD) when nor-
mally distributed, and otherwise as the median
(range). Paired comparisons of continuous out-
comes of interest between any two time points were
conducted using the Wilcoxon signed rank test due
to the small sample size. All tests were two-sided,
and p-values of <0.05 were considered significant.
Statistical analyses were performed using a software
package (Prism 9; GraphPPad, La Jolla, CA).

Standard protocol approvals and registrations
This trial is registered with the Chinese Clinical
Trial Registry, number ChiCTR2100045273.

The study protocol and statistical analysis plan
are available in eSAP 1.

Result

TCZ reduced ARR

We included 10 MOG-IgG seropositive patients
(18 affected eyes) with ON, including 7 females

and 3 males. Mean ages were 28.6 (20.5) years
old at disease onset and 30.9 (19.7) years at first
TCZ administration, with a mean disease dura-
tion of 26.6 (11.3) months. The mean number of
disease attacks before TCZ treatment was 4.1
(1.4; Table 1). All patients had relapsing course
due to failure to respond to previous therapies,
including methylprednisolone, immunosuppres-
sant (MMF and cyclophosphamide), or B-cell
depletion with rituximab (Figure 1).

A mean of 9.9 (4.8) TCZ infusions was adminis-
tered during a mean follow-up time of 16.0 (7.6)
months at a dosage of 8 mg/kg. In 9 out of 10
patients (90%), TCZ was given as an add-on
treatment. Additional medications included
mycophenolate mofetil (MMF; n=3), IV immu-
noglobulins (IVIG; n=1), and oral low-dose ster-
oids (z=28). Patient 4, who had been given add-on
MMF (0.5 g) for recurrent myelitis, continued to
receive MMF during treatment with TCZ until
the end of the follow-up. (Figure 1). Patient 7, a
child, has been receiving continuous monthly
infusions of IVIG (1 g/kg) to prevent recurrence
due to the side effects of methylprednisolone.
Patient 10 discontinued treatment after 4 doses of
TCZ; however, there was no recurrence within
lyear of follow-up. Besides, three patients
(Patients 4, 6, and 9) received the first TCZ infu-
sion in combination with intravenous predniso-
lone sodium succinate due to persistent optic
nerve MR imaging activity with T1 gadolinium-
enhancing lesions. One patient (Patient 10) was
treated with intravenous immunoglobulin infu-
sion following a relapse. Another patient (Patient
5) underwent plasma exchange due to severe vis-
ual loss during the relapsed acute stage.

The median ARR over the entire disease duration
before TCZ initiation was 1.9 (0.4-3.5). During
TCZ treatment, the ARR dropped significantly to
0.0 (0-4.0) (p=0.006) (Figure 2(b)). The median
time to first relapse was 5months (range
3—7months) for the whole group. Seven out of
ten patients (70%) remained relapse-free during
TCZ treatment. Three patients (Patients 6, 7,
and 9) experienced a confirmed relapse due to
nonresponse to TCZ therapy. In three patients, a
total of four relapses occurred. After two cycles of
TCZ, Patient 6 relapsed with optic neuritis and
mild numbness in both upper extremities follow-
ing a prolongation of the infusion interval to
8weeks. The relapse of the other two patients
presented as optic neuritis. Patient 7 had the first
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Figure 1. Disease course and immunomodulatory or immunosuppressant therapies of MOG-IgG related optic
neuritis. Clinical relapses (black diamonds) and treatments are shown. IVMP (blue triangle): intravenous
methylprednisone. IVIG (orange triangle): intravenous immune globulin. PE (red triangle): plasm exchange.
IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone; MOG, myelin oligodendrocyte glycoprotein

attack within the first 3 months after TCZ initia-
tion and then experienced a second relapse at
11 months follow-up. Patient 9 relapsed after 5
cycles of TCZ treatment, during the 7 months
follow-up period. When analyzing patients treated
with TCZ for at least 12months, 7 out of 8
(87.5%) remained relapse-free. In the group of
patients treated with TCZ plus add-on treatment
(9 patients), TCZ was effective in suppressing
relapse in 6 out of 9 (66.7%). Furthermore, 4 out
of 7 patients (57.1%) (Patients 4, 5, 9, and 10)
have remained stable on TCZ for more than a
year despite having previously failed various
immunotherapies, including mycophenolate
mofetil (MMF), azathioprine (AZA), rituximab,
and cyclophosphamide.

Visual function

The median visual acuity improved from 2.7
(2.0-3.0) logMAR at its nadir to 0.2 (0-2.0) log-
MAR at the last follow-up. Compared to the vis-
ual acuity before TCZ treatment, which was 0.2
(0-2.0) logMAR, there was no significant differ-
ence during the TCZ treatment period (p=0.2;
Figure 2(a)).

Antibody titers

After TCZ treatment, the median MOG-IgG
titers dropped from 1:66 to 1:32 (p=0.65) in the
entire cohort. MOG-IgG titers in 4 out of 10
patients (40%) decreased compared to the initia-
tion of TCZ treatment. Among these four
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Figure 2. Best-corrected visual acuity of each patient and annualized relapse rate before and during
tocilizumab therapy. (a) Alterations of best-corrected visual acuity of each patient before and during
Tocilizumab therapy. (b) The median annualized relapse rate significantly decreased from 1.9 (range: 0.4-3.5)
before tocilizumab therapy to 0.0 (range: 0-4.0) during tocilizumab therapy (p=0.006).

patients, two remained free from relapses after
TCZ treatment, while the other two experienced
one attack during the treatment period (Figure
3(a)). However, MOG-IgG negative seroconver-
sion was observed in one patient who relapsed
during the follow-up.

Safety data

During TCZ therapy, transient diarrhea (n=1)
and upper respiratory infection (z=1) were
reported. No severe infections or other major
adverse effects related to TCZ occurred.
Laboratory abnormalities were observed, includ-
ing mild elevation of cholesterol levels in 4 out of
10 patients (40%), neutropenia in 4 patients
(40%), leukocytosis in 3 patients (30%), and lym-
phocytosis or lymphocytopenia in 4 patients
(40%). However, there was no statistical differ-
ence before TCZ treatment and at the last follow-
up (Figure 3(c)—(f)). Additionally, mild elevation
of serum IL-6 levels was observed in 6 out of 10
patients (60%) at the last follow-up compared to
that before TCZ treatment (p=0.02) (Figure
3(b)). The supplementary results compare lym-
phocyte and IL-6 levels before and after relapse in
three patients treated with tocilizumab. The
median lymphocyte counts before and after
relapse were 0.237 and 0.211 (»p=0.7) 109L,
respectively, and the median IL.-6 values were
2.01 and 1.96 (p>0.9) pg/ml, respectively.

Discussion

MOGAD patients, especially children, may expe-
rience a monophasic course, while others tend to
run a highly relapsing course, potentially resulting
in long-lasting neurologic disability, akin to those
with NMOSD, emphasizing the relevance of
attack prevention for disease prognosis. However,
the optimal treatment strategy for MOGAD
remains unclear, especially for patients experienc-
ing a relapsing course with optic neuritis. TCZ, a
humanized I1.-6 receptor inhibitor, has emerged
as a promising therapeutic option for NMOSD
following evidence from several case series and a
prospective, multicenter, randomized, open-label
phase II study, which demonstrated its efficacy in
reducing the relapse risk.11:1216 Herein, we pre-
sent data demonstrating successful treatment
with the anti-IL-6 receptor antibody TCZ in 10
patients with MOG-ON who had previously
failed standard immunotherapies, including tar-
geted B-cell depletion by RTX.

Our longitudinal cohort study extends these
observations to a treatment duration of up to
27 months, comprising a total of 103 TCZ infu-
sions. Importantly, we confirmed a significant
reduction in the median ARR during TCZ ther-
apy, from 1.9 to 0.0, in patients who had failed
several previous immunosuppressive therapy or
targeted B-cell therapy. On the other hand, the
BCVA of each patient remained stable after TCZ
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Figure 3. Features of disease activity before and during tocilizumab therapy. (a) Alterations of MOG-IgG titers.
(b) Alterations of interleukin-6 levels. (c] Alterations of cholesterol levels. (d) Alterations of lymphocyte levels.

(e] Alterations of neutrophils levels. (f] Alterations of leukocyte levels.

MOG, myelin oligodendrocyte glycoprotein.

therapy. A previous study demonstrated that two
cases involving a 7-year-old boy and a 15-year-
old adolescent with severe acute central nervous
system demyelination and malignant cerebral
edema, including early brain herniation, which
were incompletely responsive to standard acute
therapies, showed rapid improvement with IL-6
receptor inhibition administered as TCZ.1° A
recent study demonstrated that the ARR
decreased by 93% in a retrospective series of 14
patients with MOGAD. The median EDSS score
was reduced from 2.75 to 2.0 over a mean treat-
ment duration of 31 months with TCZ, and an
anti-inflammatory effect was also evident on brain
MRI scans.?! However, the patients in this study
differ from our cohort of ON patients with a
relapsing course, all of whom had previously
failed immunosuppressive therapy or targeted
B-cell therapy. For this patient group, 70%

remained relapse-free, leading us to view the
research results as very optimistic.

Despite the overall good efficacy, four attacks
occurred in three patients after the initiation of
TCZ therapy. One attack occurred during the
first 2% treatment months, and two relapses were
related to prolongation of the infusion interval to
8weeks, the same attacks had been reported by a
previous study.!! In other words, these data sug-
gest that adherence to strict dosing regimens may
improve the therapeutic efficacy of TCZ.

It is worth mentioning that TCZ did not reduce
the titer of MOG-IgG in the patients' serum. This
is consistent with the recent data suggesting that
the correlation between MOG-IgG titers and
recurrence remains controversial. Patients might
remain seropositive for many years without
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relapsing, and even those who become seronega-
tive could still experience relapses.3-22 More inter-
estingly, we found that IL-6 levels were elevated.
We hypothesize that increased IL-6 in the brain
enhances the permeability of the blood—brain bar-
rier (BBB), allowing TCZ to cross the disrupted
BBB and bind to both soluble and fixed IL-6
receptors, leading to increased levels of circulat-
ing IL-6.23 Investigating the predictive role of
lymphocyte and IL-6 levels could provide clues
for treating MOGAD patients with anti-IL6Rs.
Due to the small sample size, we are unable to
perform additional statistical analyses to assess
the correlation between lymphocyte or IL-6 levels
and relapse. Subsequent studies with larger sam-
ple sizes are needed.

Regarding the adverse effects of TCZ, they pri-
marily included upper respiratory tract infections
and reactivation of latent tuberculosis, along with
increased concentrations of hepatic aminotrans-
ferases and plasma lipids, as well as decreased
absolute neutrophil counts and C-reactive pro-
tein levels.11:18:21 In our study, no major adverse
effects or significant laboratory abnormalities
were detected, except for mild elevations in cho-
lesterol levels and variations in granulocyte
counts. Due to the small sample size in our study,
we were unable to comprehensively discuss the
safety profile of tocilizumab. Therefore, we ana-
lyzed the safety data of tocilizumab from other
studies. In a real-world study involving 65 patients
with NMOSD treated with tocilizumab, 43%
experienced mild-to-moderate elevations in
serum alanine aminotransferase levels, 27.7%
developed infections, and 7.7% had infusion-
related reactions, including rash (2 cases), lower
extremity edema (2 cases), headache (1 case),
dizziness (1 case), and hypotension (1 case).
Another study, which included both NMOSD
and MOGAD patients, reported that 7 out of 57
(12.3%) experienced infusion-related reactions,
7%—-16% developed various degrees of infection,
and 35% had mild-to-moderate elevations in liver
enzyme levels. Overall, the safety profile of tocili-
zumab is favorable, with adverse event rates
within the expected range.

Recently, biopsy and autopsy data have demon-
strated that lesions in MOGAD often contain sig-
nificant complement and immunoglobulin
deposition, indicating a substantial humoral
immune component similar to that of AQP4-IgG

positive NMOSD.?* Consistent with these find-
ings, cytokine and chemokine profile studies in
MOGAD have confirmed consistently elevated
levels of the proinflammatory cytokine IL-6 in
CSF.?5:26 Taken together, these data may explain
the profound mechanism of anti-IL-6 receptor
antibodies in MOG-ON.

An obvious limitation of this study is its small
sample size, which is justifiable due to the rarity
of MOG-ON and the concurrent off-label treat-
ment with TCZ. In this study, we enrolled a total
of 10 patients, but only 8 completed at least 1 year
of follow-up. The two patients who did not com-
plete the follow-up discontinued Tocilizumab
after relapse and switched to other immunosup-
pressants, making it impossible to continue moni-
toring them. Another constraint is that we treated
these patients with continuous immunotherapies
that overlapped with TCZ therapy due to their
higher relapsing course. It is also worth noting
that there are no patients with other mixed
phenotypes (ADEM-ON, etc.) in our study.
ADEM-ON and other phenotypes predominantly
occur in children and are treated within the pedi-
atric department. Since our department only con-
ducts ophthalmological examinations, we have
excluded patients with other mixed phenotypes.
Despite these limitations, this study supports the
notion that adding TCZ to patients who have not
responded to other immunosuppressive drugs or
targeted B-cell therapy can result in a significant
decrease in ARR. This finding confirms the effec-
tiveness of TCZ in refractory MOG-ON.
Moreover, it is absolutely necessary to evaluate
the efficacy of IL-6 blockade in patients with
MOGAD through randomized controlled trials.
What makes us excited is that a randomized con-
trolled trial with satralizumab (METEOROID,
CT: WN43194) is currently underway. This
phase III clinical trial is investigating the efficacy,
safety, and pharmacokinetics of satralizumab in
MOGAD. Perhaps we will obtain more results in
the near future.

Conclusion

Our study supports that Tocilizumab therapy
with or without concomitant immunosuppression
appears to be safe and effective in reducing
relapses in MOG-ON patients who have failed
immunosuppressive therapy or targeted B-cell
therapy. Future studies with higher levels of
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evidence-based are needed to validate the effec-
tiveness and safety of IL.-6R antagonists in treat-
ing MOGAD.
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