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Abstract

Background: Tumefactive demyelination (TD) presents with large inflammatory lesions
mimicking tumors or other space-occupying lesions. Limited epidemiology, clinical and radiologic
data exist. We report incidence rate, clinical and radiological features in Olmsted County,
Minnesota.

Methods: We retrospectively reviewed patients with CNS inflammatory demyelination-related
diagnostic codes (1/1/98-12/31/18) via the Rochester Epidemiology Project database with
incidence rates by age and sex adjusted to the 2010 US total population. We used the Expanded
Disability Status Scale score (EDSS) to assess outcomes (index attack and last follow-up).

Results: 15/792 multiple sclerosis (MS) patients (8 males,7 females) had Tumefactive MS,
representing 1.9% of the MS population. Median attack-onset age was 34.2 years (range 2-61).
Tumefactive lesion was the first clinical MS attack in 8/16 patients. CSF oligoclonal bands
(OCBs) were present in 8/12 patients. 11/16 patients met Barkhof criteria for dissemination

in space. Most remained fully ambulatory (EDSS <4 in 13/16 [81%)]) after median follow-up
duration of 10.5 years (range 1-20.5). Age-adjusted annual incidence rates were 0.46/100,000
[95% CI: 0.12-0.81] for females, 0.66/100,000 [95% CI: 0.23-1.02] for males, and overall,
0.56/100,000 [95% CI: 0.28-0.83]. When age- and sex-adjusted to the 2010 US total population,
overall annual incidence rate was 0.57 [95% CI: 0.28-0.84]. Despite aggressive clinical
presentation at disease onset, most patients remained fully ambulatory (EDSS<4 in 13/16) with a
relapsing-remitting course.
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Conclusions: Although incidence is rare, TD should be suspected in patients presenting with
subacutely progressive neurological deficits associated with MRI findings of ring enhancement,
ADC restriction, and OCB on spinal fluid analysis.

INTRODUCTION

Tumefactive demyelination (TD) is an atypical form of demyelination, encompassing
various entities such as Marburg disease and Balo’s concentric sclerosis (BCS) (1,

2). Clinically, there is evidence that BCS and TD commonly occur as tumefactive

variants of multiple sclerosis (MS) (3). Tumefactive MS (TMS) is characterized by large
inflammatory demyelinating lesions with an atypical enhancement pattern, edema, or

mass effect (4). This entity poses a diagnostic challenge clinically, radiologically, and

even pathologically since these lesions mimic tumors or other space-occupying conditions
such as abscesses (5, 6). The differential diagnosis also includes a wide variety of

central nervous system inflammatory demyelinating diseases (CNSIDD) such as acute
demyelinating encephalomyelitis (ADEM), myelin oligodendrocyte glycoprotein antibody-
associated disorder (MOGAD), acute hemorrhagic leukoencephalitis, and aquaporin-4-1gG
seropositive neuromyelitis optic spectrum disorders (NMOSD). The diagnosis of these
diseases can be challenging. A prior report showed that even histopathology was initially
misinterpreted as a non-demyelinating etiology in 31% of cases (7).

The prevalence of tumefactive MS is estimated to be 1.4 to 8.2% of MS patients (8,

9). The incidence of tumefactive MS disease is estimated at 0.3/100,000 people (10, 11).
Although TD has been described for over 100 years, little is known about the epidemiology
and clinical course of TD. This study aimed to assess the incidence rates of TD using

a population-based survey in a well-defined US population and describe clinical and
radiological features.

METHODS

Case ascertainment

The medical records of all patients residing in Olmsted County, Minnesota, diagnosed with
CNSIDD from January 1, 1998, through December 31, 2018, were retrospectively reviewed
to identify incident cases of TD. Patients were identified using the Rochester Epidemiology
Project (REP), a linkage system of medical records for all patient-physician encounters
among Olmsted County, Minnesota residents (12). Furthermore, we cross-checked the REP
identified patients through Mayo Clinic Advanced Cohort Explorer (ACE) Tool. ACE

is a clinical data repository including multiple sources of patient information such as
patient demographics, diagnosis, hospital notes, laboratory reports, flowsheets, radiology
reports, and clinical notes. With ACE’s text search functionality, we queried “large lesion,”
“tumefactive,” or “Balo.” Incident cases were required to have established residency at
least one year before the onset of TD, eliminating patients who had migrated for medical
care. Patients were included if they had a clinical history comprising a demyelinating

event along with a cerebral magnetic resonance imaging (MRI) showing one or more

large demyelinating plaques (minimum transverse diameter, =10 mm). Patients were only
included if their first episode of TD occurred during the study period. All patients were
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reviewed by at least one MS fellowship trained Neurologist. Our group has previously
shown that many patients with tumefactive MS do not fulfill MS diagnostic criteria at
disease onset (13) . Features suggestive of a diagnosis of tumefactive MS included subacute
onset of symptoms, clinical or radiologic response to plasma exchange, other MRI features
typical of MS (e.g. spinal lesions, periventricular lesions), persistence of MRI lesions after
treatment, optical coherence tomography lesions typical of MS, presence of oligoclonal
bands, absent serum testing for MOG-IgG or NMO-IgG and pathological features suggestive
of MS on brain biopsy or autopsy. At last follow-up, diagnoses of MS, NMOSD, and
MOGAD were made based on the most recent criteria (14-17).

The Mayo Clinic and Olmsted Medical Center (OMC) Institutional Review Boards

(IRB) approved the study (IRB number 19-011604, OMC number:052-OMC-19).

The study conforms with the WMA Declaration of Helsinki, and patients or their

authorized representatives provided informed written consent for their de-identified medical
information to be used for research purposes. The data that support the findings of this study
are available on request from the corresponding author. The data are not publicly available
due to privacy or ethical restrictions.

Serologic antibody biomarker assessment

In TD cases, serum was tested for MOG antibodies by the live cell-based assay as previously
described. Serum in these cases was also tested for aquaporin-4 (AQP-4) antibody by live
cell-based assay, inactivated cell-based assay, ELISA, or tissue immunofluorescence as
previously described (18, 19).

Data collection

Demographic and clinical data were abstracted from the medical records. Neuroimaging
features were reviewed regarding lesion location, size of the lesion, number of fluid-
attenuated inversion recovery (FLAIR) lesions, number of gadolinium (Gd)-enhancing
lesions, mass effect, contrast enhancement pattern, apparent diffusion coefficient (ADC)
pattern, T2-hypointense rim, T1- hypointensity and fulfillment of Barkhof criteria (20).

Statistical analysis

The population data were obtained from the US Census Bureau, US Census 2010. US

Total population was used as the denominator to calculate incidence rates. Index attack date
(attack associated with the first large demyelinating lesion) was used to determine the age of
disease onset. All individuals with a first tumefactive attack between January 1, 1998, and
December 31, 2018, were considered incident cases. The person-years-at-risk denominator
was calculated from the REP Census data. Incidence rates were estimated as the number

of new cases divided by the person-years at risk. Incidence rates were directly adjusted by
age and sex to the 2010 US total population. The Poisson distribution was used to estimate
standard errors and 95% confidence interval (CI) for the incidence rates.
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RESULTS

Demographic and Clinical Characteristics

The main demographic and clinic-radiological features of all patients included in our study
are shown in Table 1. Flair MRI at the initial attack is shown in Figure 1. Out of 792

patients with MS, 15 patients had TMS representing 1.9% of the MS population. One patient
had MOGAD. No patients with NMOSD were found to have TD lesions. The median age

at attack onset was 34.2 years (range 2-61). The presenting event represented the first
clinical attack in 8/16 patients. Clinical presentation was polysymptomatic 11/16 patients.
Prodromal symptoms, such as malaise and headache, were present in 4/16 patients prior to
index attack. The median EDSS score at index attack was 3.5 (range 1.5-9). CSF analysis
was performed in 12/16 patients. Of these 12 patients, 3/12 had a spinal tap at the index
attack (No.12, No.14, No. 16). CSF unique oligoclonal bands (OCBs) with two or more
unique 1gG bands were demonstrated in 4/12 patients (No.6, No.8, No.13, No.14). All 4/12
patients with positive OCBs tested for CSF analysis at their first demyelinating attack, and
index attack occurred during MS. CSF protein level was normal in 6/12 and elevated in 5/11.
The number of CSF nucleated cells was normal in 7/12 and increased in 5/12. AQP4-1gG
were tested in 6/12 patients and MOG-IgG in 2/12 (No.8 and No.16) patients with one
positive result.

Brain biopsy was performed in 2/16 patients (No. 2 and No.10), and pathological evaluation
was consistent with MS. McDonald criteria for MS (2017) were fulfilled in 4/16 patients at
the time of index attack (patient No.11, No.12, No0.13, No.14). Patient No.15 was diagnosed
with MS 10 months after the index attack. Patient No.16 with MOGAD had relapsing
ADEM, encephalomyelitis, and optic neuritis.

The median duration of follow-up was 10.5 years (range 1-20.5). At the last follow-up, the
median EDSS score was 1.5 (range 0-10); the course of the disease was relapsing-remitting
MS in 12/16 patients, secondary progressive MS in 2/16 patients, and monophasic in 1/16
patients. Patients No. 3 and No. 15 with BCS had favorable outcomes with an EDSS

score of 1 at the last follow-up. Patient No. 4 with BCS died due to progressive dementia
related to MS 2 years after tumefactive lesion onset. All patients were initially treated with
high-dose corticosteroids. Plasma exchange (PLEX) was commenced in 5/16 cases after an
ineffective response to corticosteroids. Disease-modifying therapy (DMT) was initiated in
11/16 patients.

Neuroimaging
Solitary TD lesions were present in 8/16 patients, BCS in 3/16 patients, and multiple
tumefactive lesions in 5/16 patients. Lesions were mainly located in the frontal (8/16),
followed by occipital (2/16) lobes, the brainstem (2/16), cerebellum (3/16), and temporal
lobe (1/16). At the initial presentation, 11/16 patients met the Barkhof criteria for
dissemination in space. “Butterfly lesions,” bihemispheric lesions crossing the corpus
callosum [Figure 2], were present in 1/16. A hypointense T2W rim was observed in 1/16
patients. T1 hypointensity in the acute lesion was seen in 14/16 patients. ADC imaging was
available in 10/16 patients. Of these 10 patients, tumefactive lesions showed a variety of
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ADC patterns. Restricted diffusion in any part of the lesion was seen in 5/10, facilitation

in 6/10, and isointense pattern in 2/10. Post-gadolinium enhancement was present in 14/16
tumefactive lesions, with central enhancement in 4/14, incomplete open-ring enhancement in
3/14, heterogeneous pattern in 5/14, and concentric ring enhancement in 2/14.

Incidence of tumefactive demyelination in Olmsted County

During the 10-year period from January 1, 1998, to December 1, 2018, 16 incident cases
of TD were diagnosed. The age-adjusted annual incidence rates were 0.46/100,000 (95%
Cl: 0.12-0.81) for females, 0.66/100,000 for males (95% ClI: 0.23-1.02), and overall
0.56/100,000 (95% CI: 0.28-0.83). When age- and sex-adjusted to the 2010 US total
population, the overall annual incidence rate was 0.57 (95% CI: 0.28-0.84). The crude
and adjusted incidence rates for each six age group are presented in Table 2.

DISCUSSION

Epidemiology
The occurrence of TD resembling brain tumors is well recognized and mainly described
in case reports and case series. To our knowledge, the current report represents the first
population-based incidence study to date. The adjusted incidence rate of TD for all ages
was estimated at 0.57 per 100,000 inhabitants per year. This result confirms previous
assumptions that TD is a rare entity (21).

The differential diagnosis of patients presenting with TD lesions encompasses a broad
spectrum of diseases. In the same geographic population, the adjusted incidence rate of
glioma for all ages is 5.51 per 100,000 inhabitants, ten times higher than TD incidence (22,
23). Moreover, an incidence rate of 11.1 per 100,000 population per year was reported for
brain metastases over 34 years from 1935 through 1968 in our region, which is higher than
the incidence of MS, glioma, and TD in Olmsted County (24). The central brain tumor
registry of the United States reported an incidence of 0.43 per 100,000 for primary CNS
lymphoma, which is close to the incidence rate of TD in our study (25). This highlights the
need for long-term careful clinical and radiographic monitoring of patients diagnosed with
TD lesions to avoid any misdiagnosis.

TMS accounts for almost 1.9% (15/792) of all MS patients in Olmsted County; this is
similar to the rate reported by Sanchez et al. in 2017 (26), showing a higher-than-expected
prevalence in MS patients, which is estimated at 1-2/1000 cases when compared to other
CNS-demyelinating conditions (27). This likely reflects changes in MS diagnostic criteria
over time, allowing more patients to fulfill MS diagnosis. One patient with MOGAD was
found in our cohort. TD disease has been reported in other CNSIDD conditions such as
NMOSD and MOGAD (4). The fact that we did not find any patients with NMOSD likely
reflects the relatively lower prevalence of these conditions. The population-based approach
used in this study overcomes the inherent referral bias of other clinic-based cohorts.
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Clinical features and outcomes

Despite an aggressive clinical presentation (EDSS = 4 in 11/16 [69%]) at disease onset,
most of our patients remained fully ambulatory (EDSS < 4 in 13/16 [81%]) with a relapsing-
remitting course after a median 10-year follow-up. This is in line with the previously
reported cohort of biopsy-proven TD, where 73% were ambulatory at the last follow-up
(28).

The data on the female-to-male ratio differ in the literature. Two cohorts of patients have
indicated female preponderance, with 62 to 68% of patients being females (29, 30), while
the previous biopsy cohort of TD in our center showed a roughly equal ratio of 1.3:1 (7). In
our series, the prevalence was higher in men with the general male-to-female ratio of 1.14:1.
The median age at tumefactive attack in our cohort was 34.2 years, consistent with previous
reports, indicating TD occurs most frequently between the ages of 20 and 40 (7, 26, 28, 30).
In our report, 8/16 (50%) patients presented with TD as a first demyelinating attack, while
this rate has been reported to be 53 to 78% in previous studies (7, 29, 30). Discrepancies
could be due to recall bias.

The clinical presentation of TD is often polysymptomatic for demyelinating disease given
the size, location, and potential mass effect of the lesion. In our study, clinical presentations
at index attack were polysymptomatic in most patients (11/16) with motor and sensory
predominance. Despite the typical symptoms and signs of MS in the current series, atypical
presentations, including seizure, abulia, and aphasia, were also observed (3/16). This
supports previous studies, likely reflective of the size of the lesions and cortical involvement
(7, 26, 29, 31).

Study limitations

The main limitation of this study is its retrospective nature with a small number of patients.
Formal cognitive assessment of patients was not collected in a standardized way; thus,
although motor disability assessed by the EDSS looks favorable, the long-term cognitive
outcome is uncertain.

CONCLUSION

FUNDING

TD is rare but can present de novo without prior symptoms of demyelination. Most patients
presenting with TD have MS as their underlying diagnosis.TD should be suspected in
patients presenting with subacutely progressive neurological deficits associated with MRI
findings of ring enhancement, ADC restriction, and OCB on spinal fluid analysis.
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Figurel.
The index brain MRI axial fluid-attenuated inversion recovery (FLAIR) sequences of all

patients (1-16) with tumefactive demyelination.
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Figure2.
Patient 10 (A1-A4) Brain MRI axial FLAIR demonstrates a large heterogeneous left

hemisphere lesion with extensive edema and prominent involvement of the corpus callosum
(A1) with heterogenous contrast enhancement on axial- T1 post-contrast MRI (A2).
Apparent diffusion coefficient (ADC) indicated mild diffusion restriction, predominantly
along the margin of the T2 hyperintensity in the frontal and parietal lobes (A3).
Susceptibility weighted imaging (A4) demonstrates the presence of central veins running
through the lesion, consistent with demyelination.
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