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Abstract

Background and Objectives

Studies on tumefactive brain lesions in myelin oligodendrocyte glycoprotein-immunoglobulin
G (IgG)-associated disease (MOGAD) are lacking. We sought to characterize the frequency
clinical, laboratory, and MRI features of these lesions in MOGAD and compare them with those
in multiple sclerosis (MS) and aquaporin-4-IgG-positive neuromyelitis optica spectrum dis-
order (AQP4+NMOSD).

Methods

We retrospectively searched 194 patients with MOGAD and 359 patients with AQP4+NMOSD
with clinical/MRI details available from the Mayo Clinic databases and included those
with >1 tumefactive brain lesion (maximum transverse diameter >2 cm) on MRI. Patients
with tumefactive MS were identified using the Mayo Clinic medical record linkage system.
Binary multivariable stepwise logistic regression identified independent predictors of
MOGAD diagnosis; Cox proportional regression models were used to assess the risk of

relapsing disease and gait aid in patients with tumefactive MOGAD vs those with non-
tumefactive MOGAD.

Results

We included 108 patients with tumefactive demyelination (MOGAD = 43; AQP4+NMOSD =
16; and MS = 49). Tumefactive lesions were more frequent among those with MOGAD
(43/194 [22%]) than among those with AQP4+NMOSD (16/359 [5%], p < 0.001). Risk of
relapse and need for gait aid were similar in tumefactive and nontumefactive MOGAD. Clinical
features more frequent in MOGAD than in MS included headache (18/43 [42%] vs 10/49
[20%]; p = 0.03) and somnolence (12/43 [28%] vs 2/49 [4%]; p = 0.003), the latter also more
frequent than in AQP4+NMOSD (0/16 [0%]; p = 0.02). The presence of peripheral
T2-hypointense rim, T1-hypointensity, diffusion restriction (particularly an arc pattern), ring
enhancement, and Balé-like or cystic appearance favored MS over MOGAD (p < 0.001). MRI
features were broadly similar in MOGAD and AQP4+NMOSD, except for more frequent
diffusion restriction in AQP4+NMOSD (10/15 [67%]) than in MOGAD (11/42 [26%],
p = 0.005). CSF analysis revealed less frequent positive oligoclonal bands in MOGAD (2/37
[5%]) than in MS (30/43 [70%], p < 0.001) and higher median white cell count in MOGAD
than in MS (33 vs 6 cells/pL, p < 0.001). At baseline, independent predictors of MOGAD
diagnosis were the presence of somnolence/headache, absence of T2-hypointense rim, lack of

From the Department of Neurology and Mayo Clinic Center for Multiple Sclerosis and Autoimmune Neurology (L.C., W.O.T., JJ.C,, SAB., V.R,, J.-M.T., Y.G,, S.J.P., C.F.L,, E.P.F.), Mayo
Clinic, Rochester, MN; Vita-Salute San Raffaele University (L.C., F.M., M.A.R., M.F.); Neuroimaging Research Unit (L.C., M.A.R., M.F.), Division of Neuroscience, IRCCS San Raffaele
Scientific Institute, Milan, Italy; Department of Radiology (P.M.), Department of Ophthalmology (J.J.C.), Mayo Clinic, Rochester, MN; Department of Neurology (P.E.), San Antonio
Military Medical Center, Fort Sam Houston, TX; Neurology Unit (F.M., M.A.R., M.F.), IRCCS San Raffaele Scientific Institute, Milan; Department of Medical, Surgical and Experimental
Sciences (E.S.), University of Sassari, Italy; Department of Neurology (A.S.L.-C.), Mayo Clinic, Jacksonville, FL; Department of Neurology (N.Z.), Mayo Clinic, Scottsdale, AZ; Neuro-
rehabilitation Unit (M.F.), IRCCS San Raffaele Scientific Institute; Neurophysiology Service (M.F.), IRCCS San Raffaele Scientific Institute, Milan, Italy; and Laboratory Medicine and
Pathology (S.J.P., E.P.F.), Mayo Clinic, Rochester, MN.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

e1418  Copyright © 2023 American Academy of Neurology

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://dx.doi.org/10.1212/WNL.0000000000206820
mailto:flanagan.eoin@mayo.edu
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000206820

Glossary

aHR = adjusted hazard ratio; AQP4+NMOSD = aquaporin-4-IgG—positive neuromyelitis optica spectrum disorders; DWI =
diffusion-weighted imaging; EDSS = Expanded Disability Status Scale; FLAIR = fluid-attenuated inversion recovery; IgG =
immunoglobulin G; MOG = myelin oligodendrocyte glycoprotein; MOGAD = MOG-IgG-associated disease; MS = multiple
sclerosis.

T1-hypointensity, and no diffusion restriction (Nagelkerke R* = 0.67). Tumefactive lesion resolution was more common in
MOGAD than in MS or AQP4+NMOSD and improved model performance.

Discussion
Tumefactive lesions are frequent in MOGAD but not associated with a worse prognosis. The clinical, MRI, and CSF attributes of
tumefactive MOGAD differ from those of tumefactive MS and are more similar to those of tumefactive AQP4+NMOSD with

the exception of lesion resolution, which favors MOGAD.

Myelin oligodendrocyte glycoprotein (MOG) antibody-
associated disease (MOGAD) is a recently defined in-
flammatory demyelinating disease of the CNS, distinct from
multiple sclerosis (MS) and aquaporin-4-immunoglobulin
G (IgG)-positive neuromyelitis optica spectrum disorders
(AQP4+NMOSD)."* Given the partial clinical overlap of
these diseases, with acute attacks involving the brain, optic
nerve, and spinal cord, efforts have focused on their radiologic
characterization using MRI.

Tumefactive brain lesions (>2 cm maximum transverse di-
ameter)® are a rare but well-recognized manifestation of
inflammatory CNS disorders.*® They can be accompanied
by severe clinical manifestations (with potential for intensive
care unit admission) and often represent a diagnostic chal-
lenge for neurologists, especially when encountered in iso-

lation as the initial manifestation of the disease.”®

These lesions have been described in up to 2% of patients with
MS,” 3% of patients with AQP4+NMOSD," and during
MOGAD attacks.>'" However, the frequency of this mani-
festation in MOGAD is still unknown because no studies have
systematically evaluated tumefactive demyelination in this
disease.

Previous studies identified MRI patterns accompanying
tumefactive demyelination and tumefactive MS to distinguish
them from alternative nondemyelinating etiologies (e.g,
tumors).”'> These patterns include a Balo-like appearance, a
cystic core, a rim of T2-hypointensity, an arc of restricted
diffusion, and a ring or open ring of enhancement.*'?

Data on tumefactive demyelination in MOGAD are scarce,
but lesions might have different characteristics compared with
what is observed in MS and AQP4+NMOSD,"? assisting in
the diagnosis and providing new insights into pathophysiol-
ogy. Therefore, in this study, we sought to characterize the
frequency of tumefactive lesions in patients with MOGAD
and the associated clinical, laboratory, and MRI features and
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outcome, and compare them with those in patients with MS
and AQP4+NMOSD.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The study was approved by the Mayo Clinic institutional
review board (IRB 08-006647). All patients aged 18 years or
older and the guardians of pediatric patients gave written
consent to the passive use of their medical records for research

purposes.

Identification of Patients With MOGAD

We searched our MOGAD databases from January 1, 1996,
to September 1, 2020 (including both adults and pediatric
patients) and identified 194 patients with clinical and MRI
details available. Then, we included those who: (1) had at
least 1 tumefactive T2-hyperintense lesion (maximum
transverse diameter >2 cm)?; (2) fulfilled current MOGAD
criteria'® and showed negative results for AQP4-IgG. The
remaining patients with nontumefactive MOGAD were used
as a control group to assess the cumulative risk of relapsing
disease and disability in patients with MOGAD with tume-
factive lesions.

Identification of the Comparison Groups
Patients with AQP4+NMOSD and MS were identified with 2
different methodologies. We searched our AQP4+NMOSD
database (including both adults and pediatric patients) from
January 1, 2000, to August 31, 2020, and found 359 patients
with clinical and MRI data available. We included those who
had at least 1 tumefactive T2-hyperintense lesion (maximum
transverse diameter >2 cm), fulfilled 2015 diagnostic criteria
for NMOSD with AQ_P4—IgG,15 and showed negative results
for MOG-IgG.

For patients with MS, we searched the Mayo Clinic electronic
medical record for consecutive patients seen from January 1,
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2018, to December 31, 2020, with an International Classifi-
cation of Diseases, Tenth Revision (ICD10) diagnosis of MS
(G3S) and “tumefactive” term present in the chart through
natural language search, and this identified 42 patients. A
further 7 patients were identified from a pediatric MS data-
base. Patients had at least 1 T2-lesion of maximum transverse
diameter >2 cm, fulfilled 2017 revised diagnostic criteria, ¢
and showed negative results for both MOG-IgG and
AQP4-IgG.

Antibody Testing

The analyzed serum and CSF samples were fresh or stored. All
patients with MOGAD were seropositive for MOG-IgG;
tested in the Mayo Clinic Neuroimmunology Laboratory
using a live cell-based assay expressing full-length native
conformation human MOG with a cutoft IgG binding index of
>2.5 and end titration of >1:20, as previously described."”
When available, we also reported the end antibody titer,
obtained with progressive dilutions of 1:20, 1:40, 1:100, I:
1,000, and 1:10,000."” End titers were stratified as low (1:20
or 1:40) or high (>1:100). When available, MOG-IgG was
tested in the CSF by fluorescence-activated cell sorting assay.
AQP4-IgG was tested with live or fixed cell-based assays as
previously described.'®"

Collection of Demographic, Clinical, and

CSF Data

Two neurologists (L.C. and E.P.F.) abstracted from medical
records the following demographic and clinical data of pa-
tients: age, sex, disease duration, Expanded Disability Status
Scale (EDSS)*° at nadir, neurologic manifestations, the
presence of somnolence, vomiting or nausea, headache, and
seizures.

CSF data included the detection of oligoclonal bands at any
time (including the tumefactive attack), while white blood cell
count, protein, and glucose levels were only collected when
within 30 days of the attack with the tumefactive lesion(s). We
also collected information on whether patients underwent
brain biopsy and treatment at follow-up.

Long-term Prognosis of Patients With MOGAD
With Tumefactive Lesions

To assess the long-term prognosis of patients with tume-
factive MOGAD, the occurrence and timing of relapsing
disease course, need of a gait aid (i.e., EDSS milestone of 6),
and death among our MOGAD cohort with and without
tumefactive lesions were also collected.

MRI Analysis

In each brain MRI scan, we identified the largest tumefactive
lesion as the “index lesion” on the fluid-attenuated inversion
recovery (FLAIR) sequence or T2-weighted sequence. For
each MRI scan, we evaluated FLAIR and/or T2-weighted
sequences, diffusion-weighted images, and precontrast and
postcontrast T1-weighted sequences at Mayo Clinic or out-
side facilities. In patients with more than 1 attack associated
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with a tumefactive lesion, the first one was included in the
cross-sectional analysis (ie., differential diagnosis of tume-
factive lesions).

Lesion Location

Lesions were classified according to their location into
periventricular lesions (ovoid lesions with the maximum
diameter perpendicular to the lateral ventricles and in di-
rect contact with them®' or any-shaped periventricular le-
sions), involving other hemispheric white matter, deep
gray matter, corticospinal tract, corpus callosum, or infra-
tentorial region.

Index Lesion Characteristics

Index lesions were independently assessed by a neurologist
(L.C.) and a neuroradiologist (P.P.M.), blinded to patients’
diagnosis. When there was disagreement, a third blinded re-
viewer (E.P.F.) evaluated images in an anonymous fashion for
consensus. The definition and pictorial explanation of features
evaluated are reported in Figure 1 and included the presence
of the following: (1) T2-hypointense rim on T2-weighted
image,”> (2) T1-hypointensity on T1-weighted image,* (3)
Balé-like appearance,® (4) cystic component,”* (5) poorly
demarcated borders (i.e., fluffy appearance),”® (6) restricted
diffusion within the lesion,”® (7) arc/ring of peripheral re-
stricted diffusion,'” (8) enhancement on postcontrast T1-
weighted images, (9) pattern of enhancement on postcontrast
T1-weighted images including ring (closed if complete; oth-
erwise, open)”* and cloud-like,”” and (10) mass effect (i.e., if
the lesion exerted a secondary effect on adjacent structures
such as sulci, ventricles, or midline).

Index Lesion Size and Number of T2-Hyperintense and
Enhancing Lesions

Additional MRI parameters were recorded or measured in-
cluding the maximum diameter (cm) of the index tumefactive
lesion, total number of T2-hyperintense lesions, total number
of contrast-enhancing lesions, presence of concomitant mul-
tiple tumefactive lesions, and total number of tumefactive
lesions.

Lesion Evolution and Subsequent Tumefactive Attacks
When available, we analyzed the first follow-up MRI scan, at
least 3 months from the tumefactive attack, and the last
available follow-up MRI scan to assess for a complete reso-
lution of the index tumefactive lesion on T2-weighted or T1-
weighted images. In those with multiple tumefactive lesions,
we compared the MRIs of initial and subsequent tumefactive
lesions.

Statistical Analysis

We used Kaplan-Meier survival curves with patients with
MOGAD censored according to their follow-up to repre-
sent the cumulative risk of relapses or EDSS of 6 over 10
years of disease duration. Proportional Cox regression
models with time to relapse as outcome, adjusted for age at
onset (continuous variable) and sex (binary variable), were
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Figure 1 Pictorial Overview of the MRI Features Evaluated in This Study, With Corresponding Definitions

T2- hypomtense rim T1- hvpomtensntv Balo-like appearance Poorly demarcated borders

T2- weighted T2- wn@hmd D

Lesions are shown by arrows and are displayed on axial T2-FLAIR (left half of each image) and on the most appropriate sequence for the evaluation of
each specific feature, indicated by an arrowhead (right half of each image). Exceptions are images E and J, where the second sequence (T2-weighted
image in E, and T1-weighted image in J) is reported for descriptive purposes only because the T2-FLAIR sequence is suitable for the visualization of
those features. Forimage |, T2-FLAIR image was unavailable and therefore substituted with T2-weighted sequence. Features were defined as follows:
(A) T2-hypointense rim: rim-shaped relative T2-hypointensity compared with the T2-hyperintensity of the lesion center and surrounding edema; (B)
T1-hypointensity: hypointensity on T1-weighted images compared with the normal-appearing white matter; (C) Balo-like appearance: the presence of
>2 concentricrings or a pattern of alternating bands of signal intensity on any MRI sequence; (D) cystic component: T2-weighted or T1-weighted signal
of similar intensity to CSF; (E) poorly demarcated borders: fluffy appearance on T2-FLAIR or T2-weighted sequences; (F) restricted diffusion: DWI
hyperintensity with corresponding hypointensity on the ADC map; (G) arc/ring of peripheral restricted diffusion: dark peripheral ADC arc or ring with
a brighter center; (H) ring enhancement (closed ring shown in this figure): circular border of enhancement, closed if complete, otherwise open; (1)
cloud-like enhancement: multiple patchy enhancement with ill-defined margins; (J) mass effect: lesion exerting a secondary effect on adjacent
structures such as sulci, ventricles, or midline. ADC = apparent diffusion coefficient map; DWI = diffusion-weighted images; FLAIR = fluid-attenuated
inversion recovery; Gd = gadolinium.

run to calculate adjusted hazard ratio (aHR) and corre-  Results
sponding 95% Cls.
Frequency of Tumefactive Lesions in MOGAD

Between-group comparisons of continuous variables were =~ We included 43 patients with MOGAD. The frequency of at
assessed by using the Kruskal-Wallis test or the independent least 1 tumefactive brain lesion among the total MOGAD cohort
sample t test, according to the normality assumption. For =~ Was 22% (43 of 194) and even higher when only patients with
categorical variables, comparisons were performed with the x* inflammatory brain lesions were considered (43 of 88, 49%).
tests or the Fisher exact test, as appropriate. An exploratory

between-group comparison of clinical and radiologic features MOG-IgG Serology

of patients with MOGAD according to the age at onset was ~ Antibody titers in serum were available in 31 patients with
similarly performed. MOGAD (72%) with the remaining 12 MOGAD patients (28%)

positive for MOG-IgG but without sufficient sample for end-titer
A p value of <0.05 was considered significant. To identify determination. The median titer of MOG-IgG, was 1:100 (range
clinical and MRI variables associated with MOGAD diagnosis, 1:20-1:10,000), with 21 of 31 (68%) having high titers of >1:100.
we first ran univariable binary logistic regression models and MOG-IgG in CSF was positive in 7 of 9 (78%) tested.

then the significant variables (i.e., those significantly associ- . . ) o
ated with MOGAD vs other demyelinating disorders) were Comparison of Patients With Pediatric-Onset and

included in a binary multivariable stepwise logistic regression Adult-Onset MOGAD With Tumefactive Lesions
(forward selection: likelihood ratio). If separation was en- ~ When patients with MOGAD were divided according to
countered, we excluded or merged similar features, as de- the age at onset, seizures and sleepiness were more com-

scribed further. mon in pediatric-onset patients. An MRI analysis revealed
multiple concomitant tumefactive lesions occurred more

Data Availability frequently and lesions were larger in children, but other

Anonymized data used for this study are available upon rea-  attributes were similar (eTables 1 and 2, links.lww.com/

sonable request from the corresponding author. WNL/C597).
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Figure 2 Long-term Outcomes of Patients With MOGAD With Tumefactive Lesions
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Kaplan-Meier curves of survival probability estimates of not developing relapse or reaching the EDSS disability milestone of 6 in patients with MOGAD up to

120 months from disease onset, according to the presence of tumefactive
MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease.

lesions. EDSS = Expanded Disability Status Scale; 1gG = immunoglobulin G;

Long-term Prognosis of Patients With MOGAD
With Tumefactive Lesions

The median (interquartile range) duration of the clinical
follow-up was 63 months (25-97) in patients with tume-
factive MOGAD and 35 months (18-83) in those with
nontumefactive MOGAD (p = 0.046). A gait aid was required
in S of 151 patients with nontumefactive MOGAD (3%) and
1 of 43 patients with tumefactive MOGAD (2%, p > 0.99) at
the last follow-up after over 282 months of disease duration.
Deaths were also similarly rare in the 2 groups, occurring in 2
patients with nontumefactive MOGAD (1%) and 1 patient
with tumefactive MOGAD (2%) (p = 0.53) at the last follow-
up. The presence of tumefactive lesions was not associated
with a higher risk of relapses (aHR 0.91, 95% CI 0.57-1.4S,
p = 0.69), need for gait aid (aHR 1.00, 95% CI 0.11-8.98,
p >0.99), or death (aHR 0.17, 95% CI 0.00-5.14, p = 0.31).
The Kaplan-Meier curves estimating the cumulative risk
of relapses and disability over 10 years of disease duration are
shown in Figure 2.

Comparison of Frequency of Lesions and
Patient Demographics, Clinical, and CSF
Characteristics Between MOGAD,
AQP4+NMOSD, and MS

We compared 43 patients with MOGAD with tumefactive
lesions with 49 patients with MS and 16 patients with
AQP4+NMOSD (Table 1). The frequency of tumefactive le-
sions in patients with MOGAD (43 of 194, 22%, see above)
was higher than that observed in patients with AQP4+NMOSD
(16 of 359, 5%, p < 0.001), but our methodology did not
allow comparison with the frequency of tumefactive lesions in
patients with MS. Patients with MOGAD were younger and
more frequently had somnolence and headache, while aphasia

Neurology | Volume 100, Number 13 | March 28, 2023
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was more suggestive of MS (Table 1). CSF oligoclonal bands
were most frequent in MS while greater elevations in the CSF
white blood cell count were noted in MOGAD than in MS
(Table 1). Brain biopsies were rarely undertaken and did
not reveal alternative etiologies. The complete details of the
comparison of the demographic, clinical, and CSF features of
the study population between these groups are summarized
in Table 1.

Comparison of the Number of Brain Lesions
and the Number of Tumefactive Brain Lesions
Patients with MOGAD had a lower median number of brain
T2-hyperintense and gadolinium-enhancing lesions com-
pared with those with MS, but similar to those with
AQP4+NMOSD (Table 2). Comparison of lesion frequency
including how many had multiple tumefactive lesions are
summarized in Table 2.

Before the development of tumefactive brain lesions, an MRI
with negative results was observed in 1 patient with MOGAD at
11 days from symptom onset and in 2 patients with MS, both at
S days from onset. None of the patients with AQP4+NMOSD
showed negative results for MRI while symptomatic.

Comparison of MRI Features of the
Tumefactive Index Lesion

Overall, we evaluated 481 MRI scans of which 108 were ac-
quired during the first tumefactive lesion attack and 373 ac-
quired at follow-up (Table 2). The location, characteristics,
and resolution of the index lesions are compared in Table 2.
The MRI features of tumefactive lesions in the 3 diseases with
key elements for the differential diagnosis are shown in

Figure 3.
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Table 1 Demographic, Clinical, and CSF Attributes of Tumefactive Demyelination Across the 3 Groups

MOGAD MS MOGAD vs MS AQP4+NMOSD MOGAD vs AQP4+NMOSD
(n=43) (n =49) p value (n=16) p value

Age,y 21(8-37) 36 (23-44) 0.003 40 (22-48) 0.02
Females 23 (54) 31 (63) 0.34 16 (100) <0.001°
Pediatric onset 21 (49) 10 (20) 0.004 4(25) 0.14°
Disease duration before initial tumefactive 24 (11-195) 38 (11-640) 0.39 699 (15-2,272) 0.07
lesion detection, d
Tumefactive at onset 26 (61) 26 (53) 0.48 6 (38) 0.12
Tumefactive attack severity

EDSS at nadir 3.5(2.0-4.0) 3.0 (2.5-4.5) 0.57 4.0 (3.5-7.5) 0.11

ICU admission 3(7) 2(4) 0.66° 4(25) 0.08?

Mechanical ventilation 2 (5) 0 (0) 0.22° 1(6) >0.992
Clinical features

Asymptomatic 4(9) 6(12) 0.65 3(19) 0.28°

Symptoms/signs referable to brainstem or 12 (28) 14 (29) 0.94 3(19) 0.742

cerebellum

Hemiparesis/monoparesis/quadriparesis 5(12) 11(22) 0.17 3(19) 0.48?2

Aphasia 1) 10 (20) 0.009° 1 (6) 0.47°

Seizures 4(9) 6(12) 0.75° 2(13) 0.66°

Somnolence 12 (28) 2 (4) 0.003° 0(0) 0.02°

Vomiting or nausea 12 (28) 6(12) 0.06 4 (25) >0.99?

Headache 18 (42) 10 (20) 0.03 2(13) 0.06°
Concomitant involvement of other CNS sites

Optic neuritis 8(19) 3(6) 0.11° 0(0) 0.09°

Myelitis 16 (37) 9(18) 0.04 5(31) 0.76
CSF findings

Positive oligoclonal bands® 2 of 37 (5) 30 of 43 (70) <0.001° 10f 10 (10) 0.522

White blood cell count, cells/pL® 33 (0-890) 6 (0-84) <0.001 7 (0-188) 0.23

Elevated white blood cells® 32 of 40 (80) 18 of 34 (53) 0.01 6 of 9 (67) 0.39

Protein, mg/dL® 52 (13-126) 40 (17-160) 0.10 47 (26-251) 0.47

Glucose, mg/dL® 56 (38-87) 59 (44-96) 0.16 57 (39-93) 0.66
Brain biopsy 4(9) 4(8) >0.992 1(6) >0.992

Abbreviations: AQP4+NMOSD = aquaporin-4-IgG-positive neuromyelitis optica spectrum disorders; d = days; EDSS = Expanded Disability Status Scale; ICU = intensive
care unit; IgG = immunoglobulin G; MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease; MS = multiple sclerosis; y = years.

Unless otherwise specified, quantitative variables are presented as median (interquartile range), and p values refer to the 2-way Kruskal Wallis test, while
categorical variables are reported as n (%), and p values refer to the Pearson x test.

?The Fisher exact test.

® Oligoclonal bands were tested during the index clinical event in 21 of 37 patients with MOGAD (57%), 29 of 43 patients with MS (67%), and 4 of 10 patients
with AQP4+NMOSD (40%).

¢ Data reported as median (range).

4 White blood cell count >5 cells/pL.

Bold values are significant at p < 0.05.

Index Lesion Location were less frequent. The localization of the index lesion in the
Compared with patients with MS, patients with MOGAD hada  deep gray matter (23%), corticospinal tract (14%), and corpus
higher frequency of infratentorial tumefactive lesions, while  callosum (5%) was noted in MOGAD and AQP4+NMOSD
periventricular and other white matter hemispheric lesions  (19%, 31%, and 19%, respectively), but not in MS.
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Table 2 Comparison of MRI Features of Tumefactive Demyelination Across the 3 Groups

MOGAD MS MOGAD vs MS AQP4+NMOSD MOGAD vs AQP4+
(n =43)? (n = 49)? p value (n =16)? NMOSD p value
Time from symptom onset, d 15 (7-21) 12 (5-29) 0.77 9 (3-15) 0.09
Total number of T2-hyperintense lesions 5(3-14) 10 (5-27) 0.008 3.5(2-10) 0.29
Total number of enhancing lesions 1(0-2) 3(1-6) <0.001 1(0-2) 0.78
Concomitant multiple tumefactive lesions 17 (40) 20 (41) 0.90 4 (25) 0.37°
Total number of concomitant tumefactive 1(1-2) 1(1-2) 0.91 1(1-2) 0.32
lesions
Diameters of the index lesion
Longitudinal, cm 2.8 (2.3-3.3) 3.0 (2.4-4.5) 0.22 3.5(2.5-4.1) 0.13
Cross-sectional, cm 1.7(1.2-2.2) 2.3(1.7-2.9) <0.001 1.7 (1.3-2.2) 0.57
Location of the index lesion
Infratentorial® 18 (42) 5(10) <0.001 5(31) 0.57°
Deep gray matter 10 (23) 0(0) <0.001° 3(19) >0.99°
Periventricular? 4(9) 23 (47) <0.001° 4(25) 0.19°
Corticospinal tract® 6(14) 0(0) 0.009° 5(31) 0.15°
Corpus callosum 2(5) 0(0) 0.22° 3(19) 0.12°
Hemispheric 8(19) 21 (43) 0.012 1(6) 0.42°
Other locations® 1(2) 0(0) 0.47° 0(0) >0.99°
Index lesion characteristics
Mass effect 12 (28) 10 (20) 0.40 6(38) 0.48
Balo-like 1(2) 13(27) 0.001° 0(0) >0.99°
Cystic component 2(5) 20 (41) <0.001° 1(6) >0.99°
Poorly demarcated borders 30 (70) 11(22) <0.001 8 (50) 0.16
T2-hypointense rim 1(2) 32 (65) <0.001° 0(0) >0.99°
T1-hypointensity 21 (49) 46 (94) <0.001 12 (75) 0.07
DWI restriction 11 of 42 (26) 48 (98) <0.001 10 of 15 (67) 0.005
Arc peripheral DWI restriction 2 0of 42 (5) 38 (78) <0.001° 1 0f 15 (7) >0.99°
Contrast enhancement 23 (54) 43 of 47 (92) <0.001 8 (50) 0.81
Ringé 1(2) 18 of 47 (38) <0.001° 1(6) 0.47°
Cloud-like 3(7) 3 of 47 (6) >0.99° 2(13) 0.61°
Concomitant MRI features of other CNS sites
Optic nerve
Optic nerve enhancement 6 of 15 (40) 2 0f9(22) 0.66° 0 of 4 (0) 0.26°
Bilateral optic nerve enhancement 2 of 15 (13) 00f9(0) 0.51° 00of 4(0) >0.99°
Optic nerve enhancement involving >50% 4 0f 15 (27) 10f9(11) 0.62° 00of 4(0) 0.53°
of length
Optic nerve sheath enhancement 3 of 15 (20) 0 0f 9(0) 0.27° 0 of 4(0) >0.99°
Spinal cord
Presence of T2-hyperintense spinal cord 16 of 27 (59) 21 of 39 (54) 0.66 8 of 10 (80) 0.24
lesion
Continued
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Table 2 Comparison of MRI Features of Tumefactive Demyelination Across the 3 Groups (continued)

MOGAD MS MOGAD vs MS AQP4+NMOSD MOGAD vs AQP4+
(n=43)? (n = 49)? p value (n =16)? NMOSD p value
Presence of T2-hyperintense spinal cord 11 of 27 (41) 3 0f33(9) 0.006° 10of9(11) 0.22°
lesion in the conus
Central lesions 9 of 16 (56) 2 of 21 (10) 0.003° 3 0of 8(38) 0.67°
Peripheral lesions 0 of 16 (0) 14 of 21 (67) <0.001° 0 of 8 (0) —
Mixed central and peripheral lesions 7 of 16 (44) 5 of 21 (24) 0.20 5 of 8 (63) 0.39
Longitudinally extensive T2 hyperintense 13 of 27 (48) 3 0f39(8) <0.001° 8 of 10 (80) 0.08
spinal cord lesion
Spinal cord enhancement 12 of 27 (44) 11 of 39 (28) 0.17 6 of 10 (60) 0.40
Follow-up evolution of the index lesion

Time from baseline to the first follow-up MRI 195 (141-518) 189 (130-266) 0.25 369 (237-2,135) 0.02
scan, d

Complete resolution on T2-images at the 19 of 35 (54) 0 of 42 (0) <0.001° 0 of 14 (0) <0.001°
first follow-up MRI scan

Complete resolution on T1-images at the 24 of 35 (69) 6 of 42 (14) <0.001 4 of 14 (29) 0.02°
first follow-up MRI scan

Time from baseline to the last follow-up MRI 35 (20-75) 25 (10-61) 0.18 24 (8-72) 0.45
scan, m

Complete resolution on T2-images at the last 23 of 35 (66) 0 of 42 (0) <0.001° 2 of 14 (14) 0.001°
follow-up MRI scan

Complete resolution on T1-images at the last 30 of 35 (86) 13 of 42 (31) <0.001 5 of 14 (36) <0.001

follow-up MRI scan

Abbreviations: AQP4+NMOSD = aquaporin-4-IgG-positive neuromyelitis optica spectrum disorders; cm = centimeters; d = days; DWI = diffusion-weighted
imaging; 1gG = immunoglobulin G; m = months; MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease; MS = multiple sclerosis.

Unless otherwise specified, quantitative variables are presented as median (interquartile range), and p values refer to the 2-way Kruskal Wallis test, while
categorical variables are reported as n (%), and p values refer to the Pearson x test.

2 All categorical values and percentages are out of this denominator unless specified.

b The Fisher exact test.

¢Infratentorial lesions involved the following: (1) the middle cerebellar peduncle: MOGAD (n =7, 16%), MS (n = 4, 8%), and AQP4+NMOSD (n = 1, 6%); (2) the
medulla, pons, or midbrain: MOGAD (n = 11, 26%) and AQP4+NMOSD (n = 4, 25%, one of which extending to the middle cerebellar peduncle, hence also
included above); (3) the cerebellum: MS (n = 1, 2%) and AQP4+NMOSD (n = 1, 6%).

9 A periventricular lesion detected in a patient with AQP4+NMOSD also involved the splenium of the corpus callosum (arch bridge pattern, Figure 2).

¢ Tumefactive lesions in the corticospinal tract usually extended to contiguous structures such as the thalamus (5 MOGAD and 2 AQP4+NMOSD) and the

midbrain (1 MOGAD and 1 AQP4+NMOSD).
fHippocampus in 1 patient with MOGAD.

g Ring enhancementincluded the following: (1) closed ring enhancement: MOGAD (n =1, 2%), MS (n =6, 12.0%), and AQP4+NMOSD (n =1, 6%) and (2) open ring

enhancement: MS (n = 12, 24%).
Bold values are significant at p < 0.05.

Index Lesion Characteristics

Attributes of the index lesion favoring MS over MOGAD in-
cluded the following: a T2-hypointense rim, T'1-hypointensity,
diffusion-weighted imaging (DWI) restriction (particularly
when in an arc pattern), Balé-like appearance and a cystic
component, and open or closed rings of enhancement.
DWTI restriction was also more common in patients with
AQP4+NMOSD compared with patients with MOGAD.
Mass effect did not differ between groups, and cloud-like
enhancement was rare across all groups (Table 2).

Lesion Evolution

Follow-up MRIs were available in 35 of 43 patients with
MOGAD (81%), 42 of 49 patients with MS (86%), and 14 of
16 patients with AQP4+NMOSD (88%). The median num-
ber (range) of scans per patient was 3 (1-12) for MOGAD, 3

Neurology.org/N
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(1-19) for MS, and 2 (1-9) for AQP4+NMOSD. It was
similar between MOGAD and MS (p = 0.58), but lower in
AQP4+NMOSD compared with that in MOGAD (p = 0.03).
At the first follow-up, details regarding ongoing treatment
were available for all but 2 patients with MOGAD. Of them,
disease-modifying medications or oral steroids were admin-
istered to 14 of 33 patients with MOGAD (42%), 27 of 42
patients with MS (64%), and 11 of 14 (79%) patients with
AQP4+NMOSD. In those off of oral steroids, the median
(interquartile range) time to oral steroid discontinuation was
2.5 (2-8) months in MOGAD and 18 (1-38) months in
AQP4+NMOSD, respectively.

A complete resolution of the index tumefactive lesions on T2-
weighted images was observed in 19 of 35 (54%) patients with
MOGAD, but not in the other groups (Table 2, Figure 3).
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Figure 3 Examples of Tumefactive Brain Lesions and Relevant MRI Features for the Differential Diagnosis of Patients With
MOGAD, MS, and AQP4+NMOSD

A.c T2-weighted

198 ol

C.c

Unless otherwise specified, lesions are shown on axial T2-fluid-attenuated inversion recovery (T2-FLAIR). Tumefactive lesions are indicated by white arrows,
while specific features are indicated by arrowheads. Panel A (MOGAD): tumefactive lesions in the bilateral hemispheric white matter (A.a, arrows); bilateral
tumefactive lesions in the corticospinal tract and thalami (A.b, arrows); tumefactive lesion involving the entire pons (A.c, arrow) without evidence of T2-
hypointense rim, diffusion restriction (i.e., no DWI hyperintensity), and no ADC map hypointensity (A.c); bilateral tumefactive lesions in the middle cerebellar
peduncles (A.d, arrows), with complete resolution at follow-up MRI (A.e). Panel B (MS): Balo-like tumefactive lesions in the hemispheric white matter (B.a,
arrow) and periventricular white matter (B.b, arrow); tumefactive lesion located in the hemispheric white matter, showing a complete T2-hypointense rim
(arrowhead) with a corresponding ring of peripheral diffusion restriction, as indicated by the hyperintensity in DWI (arrowhead) and hypointensity on ADC
map (arrowhead) (B.c); tumefactive lesion in the left middle cerebellar peduncle (B.d, arrow) undergoing volumetric reduction, but still present at follow-up
MRI (B.e, arrow). Panel C (AQP4+NMOSD): tumefactive lesions in the hemispheric white matter (C.a, arrow), corticospinal tract (C.b, arrow); tumefactive
periventricular lesion extensively involving the splenium of the corpus callosum in an “arch-bridge” pattern (C.c, arrow); the lesion does not show any T2-
hypointense rim and is characterized by DWI hyperintensity of the splenium (arrowhead) with focal diffusion restriction (i.e., corresponding hypointensity on
the ADC map, arrowhead); tumefactive lesion involving the entire pons (C.d, arrow), showing residual mild hyperintensity near the fourth ventricle (C.e,
arrow). ADC = apparent diffusion coefficient map; AQP4+NMOSD = aquaporin-4-IgG-positive neuromyelitis optica spectrum disorders; DWI = diffusion-
weighted images; 1gG = immunoglobulin G; MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease; MS = multiple sclerosis.

Residual T1-hypointensity on follow-up MRI was rare in
MOGAD, but common with MS and AQP4+NMOSD.
Similar results were observed at the last follow-up MRI scan.

Distinguishing MOGAD Tumefactive Lesions
From Other Demyelinating Etiologies Using
Clinical and MRI Features

Results of the univariable binary logistic regression models
(Table 3) assessing associations between clinical or MRI
variables and MOGAD diagnosis are reported in the eTable 3
(links.lww.com/WNL/C597).

To avoid separation, the following variables were merged,
based on their similarity: (1) the presence of somnolence or

Neurology | Volume 100, Number 13 | March 28, 2023

headache; (2) concomitant involvement of other CNS sites
(e.g., optic neuritis or myelitis); (3) lesion location in brain
regions not found in patients with MS (deep gray matter,
corticospinal tract, and corpus callosum; this feature was not
included in the model MOGAD vs MS); (4) Balé-like or
cystic component appearance; (5) a complete resolution on
T2-weighted or T1-weighted images. A T2-hypointense rim
was not encountered in AQP4+NMOSD, so this feature was
not included in the model of MOGAD vs AQP4+NMOSD.

Because the availability of CSF samples, optic nerve MRI, and
spinal cord MRI was limited, these variables were not included
in the final model. However, the presence of positive oligo-
clonal bands favored MS, while CSF white blood cell elevation

Neurology.org/N


http://links.lww.com/WNL/C597
http://neurology.org/n

Table 3 Multivariable Binary Logistic Regression Analysis Between Clinical/MRI Variables and MOGAD Diagnosis

+ Complete resolution

B (SE) OR (95% CI) p Value Nagelkerke R? on T1- or T2-images
MOGAD vs other demyelinating disorders
Somnolence or headache 1.5(0.7) 4.51(1.12-18.04) 0.03 0.67 0.73
T2-hypointense rim -3.4(1.4) 0.03 (0.00-0.49) 0.01
T1-hypointensity -1.7 (0.7) 0.19 (0.05-0.77) 0.02
DWI restriction -2.5(0.6) 0.09 (0.03-0.29) <0.001
MOGAD vs MS
Somnolence or headache 2.4(1.3) 11.04 (0.82-148.41) 0.07 0.86 0.96
Periventricular lesions -2.11(1.1) 0.12 (0.01-1.07) 0.06
T2-hypointense rim -3.26 (1.5) 0.04 (0.00-0.80) 0.03
DWI restriction -2.90(1.3) 0.06 (0.00-0.75) 0.03
Arc peripheral DWI restriction -3.13(1.5) 0.04 (0.00-0.78) 0.03
MOGAD vs AQP4+NMOSD
Somnolence or headache 1.69 (0.9) 5.39 (1.01-28.78) 0.049 0.29 0.44
DWI restriction -1.65(0.7) 0.19 (0.05-0.73) 0.02

Abbreviations: AQP4+NMOSD = aquaporin-4-IgG-positive neuromyelitis optica spectrum disorders; DWI = diffusion-weighted imaging; IgG = immunoglobulin G;

MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease; MS = multiple sclerosis.

Data are presented as B coefficient (SE) and odds ratio (95% Cl).

and longitudinally extensive spinal cord lesions, especially if
involving the conus and centrally located, were associated
with MOGAD (eTable 3, links.lww.com/WNL/C597).

Independent predictors of MOGAD diagnosis over other
demyelinating disorders were the presence of somnolence or
headache and the absence of T2-hypointense rim, T1-hypo-
intensity, or DWI restriction (Nagelkerke R* = 0.67).

The presence of somnolence or headache and the absence of
periventricular location, T2-hypointense rim, and any type or
arc peripheral DWI restriction supported MOGAD over MS
(Nagelkerke R*=0.86), while the presence of somnolence or
headache and the absence of DWI restriction favored
MOGAD over AQP4+NMOSD (Nagelkerke R*=0.29).

When the complete resolution of the index tumefactive le-
sions on T2-weighted or T1-weighted images at the first
follow-up MRI scan was included, the performance of all
models improved in differentiating MOGAD from the other
diseases (Table 3). We did not consider lesion resolution at
the last follow-up MRI scan in our model because it would be
less useful in the acute clinical setting.

Comparison of Subsequent Tumefactive Lesions

The rate of subsequent tumefactive lesions across the 3
groups was similar: 6 of 35 patients with MOGAD (17%), S of
42 patients with MS (12%, p vs MOGAD = 0.74), and 2 of 14
patients with AQP4+NMOSD (14%, p vs MOGAD >0.99)

Neurology.org/N
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(Table 4). In total, we observed 20 recurrent tumefactive
attacks (11 in MOGAD, 7 in MS, and 2 in AQP4+NMOSD),
the features of the subsequent tumefactive lesions when
compared with those of the baseline lesions are summarized
in Table 4 and examples are shown in eFigure 1 (links.Iww.

com/WNL/C597).

Discussion

In this study, we found tumefactive lesions were frequent in
MOGAD but did not convey an increased risk of relapse or
worse outcome. The clinical manifestations, MRI, and CSF
features of patients with MOGAD with tumefactive lesions
had many differences from those of patients with MS but were
similar to those of patients with AQP4+NMOSD.

Tumefactive lesions occurred in 22% of patients with
MOGAD, which was greater than that in patients with
AQP4+NMOSD (5% in this study and 0%-3.4% in prior
studies).”'® Although our search criteria precluded the anal-
ysis of the frequency of tumefactive demyelination in MS, a
prior population-based study at our facility reported it in 1.9%
of patients with MS,” and in studies from other centers, it has
ranged from 0.1% to 2.1% of patients with MS.28%° Notably,
tumefactive lesions were detected in almost 50% of patients
with MOGAD with brain attacks, and thus tumefactive brain
lesions account for a far higher proportion of brain lesions in
MOGAD than in MS and AQP4+NMOSD. Therefore, in the
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Table 4 MRI Features of Subsequent Tumefactive Demyelination Across the 3 Groups

Proportion of subsequent tumefactive lesions with the feature

Subsequent tumefactive lesions present also at first tumefactive attack

MOGAD Ms AQP4+NMOSD
(n=11) (n=7) (n=2) MOGAD MSs AQP4+NMOSD
Location of index lesion
Infratentorial 4 (36) 2(29) 2(100) 1 0of 4 (25) 1 0of 2(50) 1 of 2(50)
Deep gray matter 1(9) 0(0) 0(0) 1 of 1 (100) Not applicable Not applicable
Periventricular 1(9) 2 (29) 0(0) 0 of 1(0) 1 of 2 (50) Not applicable
Corticospinal tract® 2(18) 0(0) 1(50) 0of 2(0) Not applicable 1 of 1 (100)
Corpus callosum 1(9) 0(0) 0(0) 0 of 1(0) Not applicable Not applicable
Hemispheric 4 (36) 3(43) 0(0) 0 of 4 (0) 3 of 3(100) Not applicable
Index lesion MRI characteristics
Mass effect 1(9) 5(71) 1 (50) 00of 1(0) 2 of 5 (40) 1 of 1 (100)
Balo-like 0 (0) 0(0) 0(0) Not applicable Not applicable Not applicable
Cystic component 0(0) 2 (29) 0(0) Not applicable 2 of 2 (100) Not applicable
Poorly demarcated borders 10 (91) 2(29) 1 (50) 8 of 10 (80) 1 of 2 (50) 1 of 2 (50)
T2 hypointense rim 0 (0) 5(71) 0(0) Not applicable 4 of 5 (80) Not applicable
T1-hypointensity 9(82) 7(100)  2(100) 8 of 9 (89) 6 of 7 (86) 1 of 2 (50)
DWI restriction 109 6 (86) 2(100) 00of 1(0) 6 of 6 (100) 2 of 2 (100)
Arc peripheral DWI restriction 0(0) 5(71) 0(0) Not applicable 2 of 5 (40) Not applicable
Contrast enhancement 9(82) 6 (86) 2 (100) 6 of 9 (67) 3 of 3° (100) 0 of 2 (0)
Ring 0(0) 3(43) 0(0) Not applicable 1 of 1° (100) Not applicable
Cloud-like 3(27) 0(0) 1(50) 10of 3(33) Not applicable 0 of 1(0)
Follow-up evolution of the index lesion
Complete resolution on T2-images 50f10(50) 0of6(0) 0of1(0) 4 of 5 (80) Not applicable Not applicable
at the first follow-up MRI scan
Complete resolution on T1-images 6 0f 10 (60) 0of 6(0) 0of1(0) 6 of 6 (100) Not applicable Not applicable
at the first follow-up MRI scan
Complete resolution on T2-images 50f10(50) 0of6(0) 0of1(0) 4 of 5 (80) Not applicable Not applicable
at the last follow-up MRI scan
Complete resolution on T1-images 7 0of 10(70) 0of6(0) 0of1(0) 7 of 7 (100) Not applicable Not applicable

at the last follow-up MRI scan

Abbreviations: AQP4+NMOSD = aquaporin-4-lgG-positive neuromyelitis optica spectrum disorders; DWI = diffusion-weighted imaging; 1gG = immuno-
globulin G; MOGAD = myelin oligodendrocyte glycoprotein-lgG-associated disease; MS = multiple sclerosis.

Data refer to the index lesion of each tumefactive attack. To improve readability, if the proportion of subsequent tumefactive lesions with a certain feature
already present at the first tumefactive attack was at least 80%, this was highlighted in bold.

@ Tumefactive lesions in the corticospinal tract usually extended to contiguous structures such as the thalamus (1 MOGAD) and the midbrain (1 MOGAD and 1
AQP4+NMOSD).

® Gadolinium not administered during the first tumefactive attack in a patient with multiple tumefactive attacks.

radiologic picture is uncertain. Tumefactive lesions in
MOGAD sometimes needed intensive care unit admission
and ventilatory support, as previously reported.>* However,
despite the severe clinical features acutely, our study shows

presence of an inflammatory-appearing tumefactive lesion,
MOG-IgG testing should be considered, although we must
keep in mind that the overall incidence of MS far exceeds
MOGAD. Indeed, given MOGAD brain MRI changes can

take time to develop (noted in 1 patient in this study) or be
subtle (e.g., cerebral cortical encephalitis), MOG-IgG test-
ing early on can be especially helpful when the initial
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that in MOGAD, the presence of tumefactive demyelination
was not associated with a greater risk of relapse or long-term
physical disability.*!
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Regarding clinical presentation, features of encephalopa-
thy, especially somnolence, were more common among
patients with MOGAD than among those with MS and
AQP4+NMOSD, in line with the higher prevalence of
acute disseminated encephalomyelitis phenotype observed
in this disease, particularly during childhood.** In our
cohort, the clinical presentation of tumefactive de-
myelination of patients with MS was polysymptomatic in
approximately one-third of the patients. Although not
standard in typical MS, similar findings were found in other
cohorts of tumefactive MS**® and may reflect the high
degree of inflammatory activity spreading to other regions
such as the optic nerve or spinal cord. It is also notable that
tumefactive demyelination usually occurred in the first 2
years from onset, earlier in patients with MOGAD and MS
than in those with AQP4+NMOSD, although a small
proportion developed attacks with tumefactive lesions
later on. Possible explanations for this include the early use
of more effective disease-modifying treatments in those
with aggressive inflammatory activity at onset and the first
attack being recognized to be the most severe in
MOGAD.*

In our tumefactive MS cohort, the frequency of oligoclonal
bands (70%) was slightly lower than that typically observed in
patients with MS (approximately 88% ), but it was still useful
in discriminating from MOGAD. The reasons for the lower
frequency of CSF oligoclonal bands in our tumefactive MS
cohort is uncertain but in line with previous studies on
tumefactive MS (52%-66%).>® The presence of other clin-
ical and radiologic features consistent with MS, pathologic
confirmation of demyelination in some, and absence of al-
ternative diagnoses in longitudinal follow-up, further sup-
ported an MS diagnosis in these cases.

In our cohort, the differentiation between tumefactive le-
sions due to MS rather than MOGAD was feasible with
conventional MRI sequences. Compared with MS, tume-
factive lesions in MOGAD were preferentially located in
the posterior fossa and deep gray matter, while were less
frequently found in the periventricular and hemispheric
white matter. Infratentorial involvement is considered a
well-established radiologic finding in MOGAD, where le-
sions can have poorly demarcated borders (i.e., fluffy ap-
pearance)”' and extensively involve the middle cerebellar
peduncles or, less frequently, the medulla, pons, and mid-
brain."' Conversely, MS lesions have a tropism for the deep
medullary veins running perpendicular to the outline of the
ventricular system.

We identified a number of MRI features that were frequent in
MS and rarely observed in MOGAD, including the presence
of a T2-hypointense rim, DWI restriction (especially when
arc-shaped), ring enhancement, and T1-hypointensity. A T2-
hypointense rim has been observed in 45% of tumefactive
lesions with pathologic evidence of confluent inflammatory
demyelination consistent with MS* and in around 9% of
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patients with MS, irrespective of lesion dimension.”* Studies
also suggest a certain degree of association between the
hypointense rim and the presence of ring enhancement, al-
though both can occur in isolation as well.*** Prior pathology
studies revealed that an iron-rich macrophage layer sur-
rounding pattern I and II active demyelinating lesions rep-
resents the pathologic correlate of the T2-hypointense
rim.*® In addition, although macrophage densities are
similar across immunopatterns of early active demyelinating
lesions, macrophages in pattern II lesions are characterized by
a higher expression of the heavy subunit of the iron-storage
protein ferritin and by internal iron accumulation. The
colocalization of iron with the peripheral border of macro-
phages could therefore locally reduce the T2-relaxation time,
leading to the identification of a corresponding area of T2-
hypointense signal.*’

Discriminating between MOGAD and AQP4+NMOSD was
more challenging, and a large overlap of clinical and radiologic
manifestations was noticed, in line with previous findings.>**>
However, lesions in MOGAD showed a lower rate of re-
stricted diffusion, which was the only significant MRI dis-
criminant from AQP4+NMOSD at baseline. In agreement
with the relatively benign course of MOGAD, a previous
study suggested that the presence of restricted diffusion, likely
due to altered fiber tract organization or cellular infiltrates,
might reflect a more severe degree of tissue damage.12 Alower
degree of tissue damage might also explain the numerically
lower rate of T1-hypointensity®® in MOGAD, whose absence
favored MOGAD diagnosis over other demyelinating
disorders.

This also aligns with the observation of a complete resolu-
tion of tumefactive T2-hyperintense lesions in approxi-
mately 54% of patients with MOGAD at the first follow-up
MR, as opposed to none of the patients with AQP4+NMOSD
and MS. Similar results were found in other studies, showing
lesion resolution in 72% of cases with MOGAD, but un-
common (5%-24%) lesion resolution in cases with
AQP4+NMOSD or MS.*""** When we included this feature
as an explanatory variable for MOGAD identification, all
model performances improved, especially when considering
the differential diagnosis with AQP4+NMOSD, emphasiz-
ing its clinical usefulness when available. Nonetheless, when
evaluating tumefactive lesions at onset, the information on
lesion resolution will not be available, and this makes ra-
diologic discrimination between these diseases more chal-
lenging at the initial presentation. In patients with
subsequent tumefactive attacks, the presence of those fea-
tures already identified as the most relevant for differential
diagnosis (ie., T2-hypointense rim, DWI restriction, T1-
hypointensity, and lesion resolution) were generally con-
cordant in different episodes, strengthening their utility in
clinical practice.

Regarding limitations, we acknowledge the retrospective
design, the relatively small sample size (especially for the
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AQP4+NMOSD cohort), and the lack of biopsy charac-
terization of all lesions. However, because biopsy is in-
vasive with the potential for neurologic morbidity, it is
usually performed only in cases of greatest diagnostic
uncertainty with atypical elements, and inclusion of all
tumefactive cases regardless of biopsy may better reflect
the spectrum of tumefactive lesions encountered in clin-
ical practice. In addition, in those biopsied from this study,
we did not focus on their pathology features, which we
have reported in detail previously.*”*>*** The absence of a
noninflammatory control group is an additional limita-
tion, but discriminators from alternative etiologies of large
lesions can still be extrapolated from our study. For ex-
ample, the presence of mass effect and avid contrast en-
hancement would favor tumor over MOGAD,*® while ring
enhancement and a core of restricted diffusion would fa-
vor abscesses over MOGAD.'? In addition, caution should
be applied to the interpretation of longitudinal data
(i.e., the rate of lesion resolution and recurrent tume-
factive lesions) because MRI timing and frequency was
not standardized, and different scanners were used at
onset and follow-up, as expected in a clinical setting.

However, all this considered, our study provides several
clinical and MRI features (i.e., the presence of somno-
lence and the absence of periventricular location,
T2-hypointense rim, T1-hypointensity, and any shape or
arc peripheral DWI restriction), which might assist in
the correct identification of tumefactive lesions due
to MOGAD rather than MS and, to a lesser extent,
AQP4+NMOSD. The recognition of different MRI pat-
terns of inflammatory tumefactive demyelination empha-
sizes the distinct pathophysiology of each disorder and
might contrast with the concept of pseudotumoral de-
myelination as a separate entity.*® Future studies exploring
the pathologic correlates of tumefactive lesions in different
demyelinating diseases will help clarify this. In addition,
future lines of research could assess double-seronegative
NMOSD, which are a more heterogeneous group of dis-
orders and not a focus of this study. Finally, this study
furtherly underlines the importance of follow-up MRI
when the diagnosis is uncertain because the complete
resolution of lesions was confirmed, once again, as a reli-
able hallmark of MOGAD.
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