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Concurrent neoplasms in MOGAD

Introduction

Myelin oligodendrocyte glycoprotein (MOG) antibody-
associated disease (MOGAD) has been identified as a dis-
tinct autoimmune inflammatory demyelinating disease of
the CNS.! Per the 2021 paraneoplastic neurologic syn-
drome (PNS) diagnostic criteria, MOG-IgG is designated a
low-risk antibody,” and rare cases of MOGAD with con-
comitant neoplasm have been reported.”* We aimed to
investigate the frequency of concurrent neoplasm in
MOGAD compared to the expected rate in the general pop-
ulation in large MOGAD cohorts from South Korea and
the USA, describe the clinical characteristics, determine
MOG expression in neoplastic tissues, and apply the cri-
teria for PNS in patients with MOGAD and tumors.

Subjects/Materials and Methods

Study population and data collection

This is an international, multicenter, retrospective cohort
study of 622 MOGAD patients from nine hospitals

SIR
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histiocytosis OR leukemia OR lymphoma OR malig-
nancy OR melanoma OR neoplasm OR tumor OR sar-
coma OR seminoma OR teratoma OR thymoma” was
incorporated into free-text search in the electronic medi-
cal records of MOGAD patients through the Mayo Data
Explorer.® After the initial identification of MOGAD
patients with neoplasm, chart review was performed for
case ascertainment. Squamous cell carcinoma and basal
cell carcinoma of skin were excluded due to their local-
ized nature.

Standardized incidence ratio calculation

Standardized incidence ratio (SIR)® was calculated from
the observed number of MOGAD patients with concur-
rent neoplasm and the expected number extrapolated
from age- and country-matched incidence in the general
population according to each country’s national database
(https://kosis.kr/, data from 2019; https://seer.cancer.gov/,
data from 2015 to 2019; accessed January 2023). The fol-
lowing formula was used to calculate the SIR of concur-
rent neoplasm with MOGAD”:

_ Observed number of MOGAD patients with concurrent neoplasm

(Data S1) in South Korea (August 2012—April 2023) and
Mayo Clinic, USA (January 2000-April 2023) (Fig. 1A). A
total of 605 (97.3%) patients fulfilled the 2023 Interna-
tional MOGAD Panel diagnostic criteria.'" MOG-IgG was
tested by live cell-based immunofluorescence assay as
described previously."”™ The cutoff points for clear posi-
tive MOG-IgG titers were FACS ratio >2.36 using FACS-
Caliber (BD bioscience)’ or >3.65 using Cytomics FC
500 (Beckman Coulter)! in South Korea and titer >1:100
or binding index >10.0 at the Mayo Clinic Neuroimmu-
nology Laboratory.! According to diagnostic criteria for
PNS,” concurrent neoplasm was defined by diagnosis
within 2 years of MOGAD onset (Fig. 1B). Screening and
investigation for tumors were performed at the physi-
cians’ discretion. Patients included for the primary analy-
sis were followed for at least 2years or diagnosed with
concurrent neoplasm within 2years of MOGAD onset
(Fig. 1A). Sensitivity analyses were conducted for the
2-year pre-MOGAD period, 2-year post-MOGAD, and
MOGAD patients with at least 1 year of follow-up.
Identification of patients with concurrent neoplasm
was conducted by chart review together with the Mayo
Data Explorer tool at Mayo Clinic.® Data for the South
Korea cohort were abstracted from chart review. The
following search string “cancer OR carcinoma OR

" Expected number of MOGAD patients with concurrent neoplasm

MOG immunostaining in neoplasm tissues
and PNS-care score

Available neoplasm tissues from MOGAD patients were
retrieved for MOG immunostaining. Formalin-fixed
paraffin-embedded (FFPE) 5-pm thick sections were
stained with hematoxylin and eosin (H&E) and immuno-
histochemistry. The primary antibodies anti-MOG (Rab-
bit clone, 1:1000, Abcam, Ab109746) were applied to the
sections and incubated overnight at 4°C after steam anti-
gen retrieval with citric acid buffer (pH 6.0, DAKO). The
staining was performed with EnVision™ FLEX immuno-
histochemistry system (DAKO). Negative control was per-
formed by omitting the primary antibody. Normal
human spinal cord (in Mayo Clinic) or glioblastoma
brain tissue (in South Korea) were used as a positive con-
trol for MOG immunohistochemistry. The PNS-Care
score, as defined in the 2021 updated diagnostic criteria,”
is applied to patients with concurrent neoplasms.

Statistical analysis

Baseline characteristics between the South Korea and the
Mayo Clinic cohorts were compared by Mann—Whitney
U-test for continuous variables and chi-squared test for
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(A) I 622 patients with MOGAD | P SIR of neoplasm analysis for 2-year before MOGAD onset (B)

93 patients with follow-up duration <1 years
and no neoplasms found
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Figure 1. Flowchart of the inclusion process, number of MOGAD patients with concurrent neoplasm, and neoplasm tissue staining for MOG. (A)
In our combined cohort of 622 patients with MOGAD, 445 patients with at least 2 years of follow-up were included in the primary analysis.
Concurrent neoplasm was identified in 16 patients (3.6%). In the sensitivity analysis of 529 patients with at least 1 year of follow-up, concurrent
neoplasm within 1year was found in 14 patients (2.6%). (B) The schematic of concurrent neoplasm definition, and the number of patients with
concurrent neoplasm according to the time from MOGAD onset. (C) All staining for MOG in the tissues of concurrent neoplasm were negative:
(a) case 2, T-cell lymphoma; (b) case 4, colon cancer; (c) case 5, pancreatic cancer; (d) case 6, T-cell lymphoma in small intestine; (e) case 9, colon
cancer; (f) case 10, lung cancer; (g) case 16, stomach cancer (Table 2); and (h) glioblastoma as a positive control. MOGAD, myelin

oligodendrocyte glycoprotein antibody-associated disease; No., number.

categorical variables. SIRs with 95% ClIs were calculated
according to the Centers for Disease Control and Preven-
tion and the Agency for Toxic Substances and Disease
Registry guidelines.'’ Statistical significance was set at a
two-tailed alpha level <0.05. Statistical analyses were per-
formed using SPSS (version 26 for Windows; IBM, Chi-
cago, IL, USA).

Standard protocol approvals, registrations,
and patient consent

All patients provided consent for the use of their clinical
records and pathology specimens for research purposes
through the Mayo Clinic Centre for Multiple Sclerosis
and Autoimmune Neurology biorepository, Seoul

National University Hospital (SNUH), or Severance Hos-
pital. This study was conducted according to the Declara-
tion of Helsinki and was approved by the institutional
review board of SNUH (approval number: H-1907-163-
1050), Severance Hospital (approval number: 4-2023-
1060), and Mayo Clinic (approval number: 20-002897).

Results

A total of 445 MOGAD patients with at least 2 years of
follow-up (56.4% female; 49.2% Asian and 47.9% White)
were included (Table 1). The median age at MOGAD
onset was 28.2vyears (interquartile range [IQR],
12.1-48.0), and the median disease duration was 5.4 years
(IQR, 3.1-9.1). Sixteen patients (3.6%; 95% CI: 2.2%-—

© 2025 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 863
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Table 1. Baseline demographics, neoplasm frequency, and standardized incidence ratio of concurrent neoplasm in MOGAD patients with at least

2 years of follow-up.

Baseline demographics Total patients (n = 445) Mayo Clinic (n = 230) South Korea (n=215) P-value
Female, n (%) 251 (56.4) 142 (61.7) 109 (50.7) 0.022
Race, n (%)
Asian 219 (49.2) 5(2.2) 214 (99.5) <0.001
Black 8(1.8) 8 (3.5) 0 (0.0) 0.008
White 213 (47.9) 212 (92.2) 1(0.5) <0.001
Others 5(1.1) 5(2.2) 0 (0.0) 0.062
Adult-onset MOGAD, n (%) 292 (65.6) 152 (66.1) 140 (65.1) 0.842
Age at onset, years, median (IQR) 28.2 (12.1-48.0) 30 8 (13.1-47.4) 26 0(11.4-49.1) 0.632
Pediatric-onset MOGAD (<18 years), n (%) 153 (34.4) 8 (33.9) 5(34.9) 0.842
Adult-onset MOGAD (>18 years), n (%) 292 (65.6) 152 (66.1) 140 (65.1) 0.842
Older-adult-onset MOGAD (>50 years), n (%) 100 (22.5) 9(21.3) 1(23.7) 0.571
Age at last follow-up, years, median (IQR) 35 5(20.4-53.9) 38 0 (23.5-53.9) 32 8 (18.9-55.1) 0.136
MOGAD disease duration, years, median (IQR) 4 (3.1-9.1) 0 (3.7-10.2) 7 (2.7-8.3) <0.001
Neoplasm at any point in life, n (%) 9 (6.5) 0(4.3) 9(8.8) 0.082
Concurrent neoplasm within 2 years of MOGAD 6 (3.6) 4(1.7) 2 (5.6) 0.040
onset, n (%)
In pediatric-onset MOGAD (< 18 years) 0 (0.0) 0 (0.0) 0 (0.0) >0.999
In adult-onset MOGAD (> 18 years) 16 (5.5) 4(2.6) 12 (8.6) 0.037
In older-adult onset MOGAD (> 50 years) 12 (12.0) 3(6.1) 9(17.6) 0.122
Standardized incidence ratio; (95% Cl: p-value)
All MOGAD 3.10 (1.77-4.81, <0.001) 1.65 (0.43-3.65, 0.227) 4.40 (2.26-7.23, <0.001) -

Adult-onset MOGAD

3.18 (1.82-4.94, <0.001) 1.69 (0.44-3.76, 0.214) 4.51 (2.32-7.43, <0.001) -

Abbreviations: IQR, interquartile range; MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; n, number.

5.6%; South Korea, 12; Mayo Clinic, 4) with MOGAD
had a concurrent neoplasm, including two previously
reported cases,'"'* all of whom were adults. The diagnosis
of neoplasm was made within 1year before or after
MOGAD onset in 14/16 patients (87.5%), and preceded
the onset of MOGAD in 9/16 (56.3%) (Fig. 1B).

In our combined cohort, the SIR was increased at 3.10
(95% CI: 1.77-4.81; P < 0.001). SIR elevation was influ-
enced by the South Korean cohort (SIR, 4.40; 95% CI:
2.26-7.23; P < 0.001), while trended to be high without
statistical significance in the Mayo Clinic cohort (SIR,
1.65; 95% CI: 0.43-3.65; P =0.227) (Table 1). In the sen-
sitivity analyses, both in the 2-year pre-MOGAD
(n=622) and 2-year post-MOGAD (n=445) periods,
the SIRs were increased at 2.74 (95% CI: 1.24-4.82;
P=0.007) and at 2.58 (95% CI: 1.02-4.85; P=0.021),
respectively. Among MOGAD patients with 1year of
follow-up (n=>529), the SIR was also elevated at 4.16
(95% CI: 2.27-6.63; P < 0.001) (Table 2).

The 16 MOGAD patients with concurrent neoplasm
had a variety of tumors (Table 3). The median time
between neoplasm diagnosis and MOGAD onset was
2.3 months (IQR: 5.7 before to 5.6 after MOGAD onset).
The most common presentation of MOGAD was optic
neuritis (6/16; 37.5%), and 15/16 (93.8%) had clear posi-
tive serum MOG-IgG, while one (6.3%) had isolated CSF
MOG-IgG-positivity. Persistent seropositivity was noted

in 6/9 (66.7%) with repeated MOG-IgG testing at a
median of 33.5 (IQR: 11.0-70.3) months. None of the
tested coexisting neuronal antibodies were positive in all
tested patients. Six (37.5%) had relapsing MOGAD and
seven (43.8%) received maintenance immunotherapy.
After neoplasm treatment, 12 (75.0%) patients were in
remission of neoplasm, while 4 (25.0%) had progression
of neoplasm (Table S1). Among the 12 patients with neo-
plasm remission, three (25.0%) experienced a relapse of
MOGAD after the remission of the neoplasm; one of
these in the setting of immune-checkpoint inhibitor initi-
ation (case #14, Table 3).'* Of the nine neoplasm tissues
obtained, none showed MOG immunostaining (Fig. 1C).
The PNS-Care scores of 0-3 confirmed that none of our
MOGAD patients with concurrent neoplasm had a para-
neoplastic etiology (Table 3).

Discussion

In this large international cohort, concurrent neoplasm
was identified in 3.6% of MOGAD patients within 2 years
of MOGAD onset, but none demonstrated tumor MOG
expression making any paraneoplastic association uncer-
tain. This suggests that universal tumor screening is
unnecessary in all new-onset MOGAD patients. However,
age-appropriate screening and clinically guided investiga-
tions for neoplasm in patients with MOGAD should be

864 © 2025 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Table 2. Standardized incidence ratio (SIR) of concurrent neoplasm in MOGAD.

Difference in

Observed number Neoplasm neoplasm
of patients with Expected number incidence incidence rate
Number concurrent of patients with rate, per 100  (observed—expected),
Cohorts of patients  neoplasm, n (%) neoplasm, n SR 95% CI°  p-value® py per 100 py
Total patients
All MOGAD 445 16 (3.6) 5.16 3.10 1.77-4.81 <0.001 0.90 +0.61
Adult-onset 292 16 (5.5) 5.03 3.18 1.82-4.94 <0.001 1.37 +0.94
MOGAD
Mayo clinic cohort
All MOGAD 230 4(1.7) 2.43 1.65 0.43-3.65 0.227 0.43 +0.17
Adult-onset 152 4(2.6) 2.36 1.69 0.44-3.76 0.214 0.66 +0.27
MOGAD
South Korea cohort
All MOGAD 215 12 (5.6) 2.73 440 2.26-7.23 <0.001 1.40 +1.08
Adult-onset 140 12 (8.6) 2.66 451 2.32-7.43 <0.001 2.14 +1.67
MOGAD
Sensitivity analyses
2 years 622 9(1.4) 3.29 2.74 1.24-4.82 0.007 0.72 +0.46
before
MOGAD
onset
2 years after 445 7(1.6) 2.71 2.58 1.02-4.85 0.021 0.79 +0.48
MOGAD
onset
1year before 529 14 (2.6)° 3.36 416 2.27-6.63 <0.001 1.32 +1.01
and after
MOGAD
onset

Abbreviations: MOGAD, myelin oligodendrocyte glycoprotein antibody associated disease; py, person-year.

#95% confidence interval (Cl) and p-value of the SIR.

bOnly includes patients with neoplasm diagnosis within 1year of MOGAD onset.

pursued. Moreover, symptoms suggesting MOGAD
should not be ignored in cancer patients. The strengths of
this study include the novel comparison to the back-
ground cancer rate using SIR, the large cohort of
MOGAD patients assessed in two separate world regions,
and the relatively large number of tumors tested for
MOG expression (Table 4)20

Our results suggest a small association between neo-
plasm and MOGAD, consistent with its categorization as
a lower risk antibody in the PNS criteria.” We found that
14/16 MOGAD patients developed neoplasm within
1year of MOGAD onset, with even higher SIR than at
2 years, although none demonstrated tumor MOG immu-
nostaining. Notably, two prior MOGAD patients with
concurrent teratoma had MOG immunostaining in the
tumor suggesting that paraneoplastic MOGAD may occa-
sionally occur.™® Although there was no teratoma in our
study, it is noteworthy that MOG staining was attempted
on a variety of tumor tissues, including small cell lung
cancer, which is high risk for paraneoplastic syndrome,
and all results were negative. We hypothesize that in the

setting of cancer, dysregulated self-immunity against
tumor cells might have contributed to MOGAD attacks
manifesting concurrently with neoplasm in our study,”
rather than direct autoantigen presentation by neoplastic
tissues as occurs in PNSs.*” Detection bias from increased
surveillance in those with MOGAD was another possibil-
ity, but the SIR was elevated even in the 2 years before
MOGAD diagnosis. Other factors that could have played
a role included different methodologies for tumor assess-
ment in our MOGAD cohort than in the reference
national databases. There may also be regional differences
in frequency of concurrent tumors as South Korea
(5.6%) had a higher rate than the USA (1.7%) and a
previous Italian cohort (19%).%° This may reflect differ-
ences between predominantly Asian and White popula-
tions or high hospital accessibility in South Korea where
97% of the population have coverage for regular cancer
screening with national health insurance.”* Our findings
differ from paraneoplastic AQP4+NMOSD in which
AQP4 expression in tumor tissue is more frequently
reported.”

© 2025 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 865
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Table 4. Literature review of MOGAD patients with neoplasm within 2 years of MOGAD onset.

Y. N. Kwon et al.

Clinical Tissue
Initial MOGAD Serum CSF MOG-IgG Follow-up serum course of MOG
Authors (year) Neoplasm phenotype MOG-IgG titer titer MOG-IgG titer MOGAD expression
Cherian et al. Breast carcinoma Myelitis Strong at 1:10  NA NA Monophasic NA
(2022)"? (titration not
done)
Cirkel et al. Ovarian teratoma  Encephalomyeloradiculitis  1:80 (serum 1.2 Negative (CSF Monophasic Negative
(2021)'4 GFAP and (concomitant negative;
ITPR-1 IgGs GFAP IgG subsequent CSF
negative) positive 1:10) ITPR-1 19G positive
1:100)
Cobo-Calvo Ovarian teratoma ~ ADEM 1:640 NA NA Monophasic NA
etal. 2017)"®
Hurtubise et al. ~ Thymic ON 1:80 NA 1:80 Relapsing NA
(2023)'® hyperplasia
Jarius et al. Ovarian teratoma Brainstem/cerebellar 1: 10,240 1:64 1:640 (CSF Monophasic NA
(2016)" deficits, myelitis negative)
Li et al. Lung Myelitis, ON, brainstem/ 1:10 1:100 (CSF 1:10, 1:32) Monophasic NA
(2020)"® adenocarcinoma cerebellar deficits
(EGFR mutation)
Rodenbeck Lung carcinoma ADEM 1:160 NA NA NA NA
etal. (2021)'°  (poorly
differentiated)
Trentinaglia Non-Hodgkin Brainstem/cerebellar 1:320 NA NA Relapsing NA
etal. (2023)*°  lymphoma deficits
Trentinaglia Melanoma Cerebral mono/polyfocal ~ 1:320 NA 1:160 Monophasic NA
et al. (2023)%° deficits
Wildemann Ovarian teratoma ~ ON 1:320 Negative 1:32 Relapsing Positive
etal. 2021)°
Zhang et al. Ovarian teratoma ~ ADEM 1:10 (after NA NA Monophasic Positive
(2022)* 5 days of
IVMP)

Note: Literature review of case reports of MOGAD with neoplasm within 2 years of MOGAD onset from literature through August 2023. The
cases from Kwon et al.’s'" and Syc-Mazurek et al.’s?" reports were included in our study (Table 3, Cases #2 and #14) and thus are not shown in

this table.

Abbreviations: ADEM, acute disseminated encephalomyelitis; CSF, cerebrospinal fluid; GFAP, glial fibrillary acidic protein; ITPR-1, inositol
1,4,5-trisphosphate receptor type 1; IVMP, intravenous methylprednisolone; MOG, myelin oligodendrocyte glycoprotein; NA, not available; ON,

optic neuritis.

Immunotherapy for MOGAD could potentially influ-
ence the incidence of neoplasms and contribute to differ-
ences between the groups. However, among the seven
cases where neoplasms were identified after the onset of
MOGAD, only three patients had received immunother-
apy, and the incidence rates were similar between the two
cohorts (4/215 [1.9%] in Korea vs. 3/230 [1.3%] at
Mayo). Additionally, systemic autoimmune diseases could
also affect the incidence of neoplasms, but in our study,
none of the MOGAD patients with concurrent neoplasms
had coexisting autoimmune diseases. Therefore, the
impact of immunotherapy or coexisting autoimmune dis-
eases on our study results is minimal.

Limitations of our study were related to the retrospec-
tive design and include potential underreporting of neo-
plasm and heterogeneity in cancer screening between
patients and across different sites. However, our median
follow-up duration of 5.4 years should allow for enough

time for cancer to manifest. Moreover, MOG immunos-
taining was not available in all tumor tissues but only in
9/16 (56%).

In conclusion, concurrent neoplasms were found at a
higher frequency than the general population within
2 years of MOGAD onset, but all available tumor tissues
were negative for MOG immunostaining suggests that
paraneoplastic MOGAD is very rare. Nevertheless, investi-
gation for cancer in MOGAD patients with suggestive fea-
tures should be considered.
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