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Abstract

Objectives—To characterize clinical and imaging features in patients with pathologically
confirmed demyelinating lesions.

Methods—In this retrospective chart review, we analyzed clinical-radiological-pathological
correlations in patients >15 years old who underwent brain biopsy at our institution between
2000-2015 and had inflammatory demyelination on neuropathology.

Results—Of 31 patients, the mean age was 42 years (range 16 to 69 years) and 55% were
female. All but one of the biopsied lesions were considered tumefactive demyelinating lesions
(TDLs) by imaging criteria, measuring >2 cm on contrast-enhanced brain MRI. On clinical
follow-up, the final diagnosis was a CNS malignancy in 2 patients (6.5%). In patients without
malignant tumor, the TDL was solitary in 12 (41%) and multifocal in 17 (59%), with contrast
enhancement in all but one case, primarily in an incomplete rim enhancement pattern (75.9%). Of
16 patients with at least 12 months of clinical follow-up, 7 (43.8%) had a clinical relapse. Of
patients without a prior neurologic history, relapse occurred in 2/7 (29%) in solitary TDL and 2/6
(33%) in multifocal lesions at initial presentation. Recurrent TDLs occurred in 3 patients, all with
initially solitary TDLs. Stratifying by CSF analysis, 4 of 6 patients (67%) with either an elevated
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IgG Index or >2 oligoclonal bands suffered a clinical relapse compared to 2/8 (25%) with non-
inflammatory CSF.

Conclusions—~Pathologically confirmed TDLs call for careful clinical correlation, clinical
follow-up and imaging surveillance. Although sometimes clinically monophasic, tumefactive
demyelinating lesions carried nearly a 45% risk of near-term clinical relapse in our study, even
when presenting initially as a solitary mass lesion.

Keywords
Multiple Sclerosis; Tumefactive; Demyelination; MRI; Neuropathology; Brain biopsy

1. Introduction

Tumefactive demyelinating lesions (TDLs) are defined radiologically as tumor- or mass-like
white matter dominant lesions exceeding 2 cm in size [1]. On MRI, TDLs can be solitary or
multifocal and often exhibit peri-lesional edema, a rim of reduced diffusion, and rim or
irregular peripheral enhancement following the administration of intravenous gadolinium
contrast [1,2]. TDLs can be challenging to diagnose on radiological grounds alone owing to
their imaging similarity to malignant brain tumor, abscess and autoimmune or vasculitic
processes.

The prevalence of TDLs has been reported to be 1-2 per 1000 cases of multiple sclerosis
(MS), making it an uncommon presentation of demyelinating disease [1]. TDLs have also
been associated with atypical presentations of neuromyelitis optica (NMO) and acute
disseminated encephalomyelitis (ADEM) [1,3-5]. However, many patients with TDLs never
completely fulfill diagnostic criteria for these conditions, and the tumefactive demyelinating
event may be a standalone diagnosis [1,5-8].

One of the earliest published case series suggested that TDLs, unlike typical MS lesions,
carry only about a 10% risk for relapse or conversion to clinically-definite MS [6]. However,
a subsequent report, based on 168 patients, reported a risk of relapse or conversion to MS of
70% [1]. In other published case series, the rate of relapse and conversion to clinically-
definite MS varies substantially, making it challenging for clinicians to counsel patients with
TDLs about short or longer-term prognosis [3,5,7-12]. Limited data exist regarding factors
associated with risk of relapse following TDL presentation. Potential risk factors suggested
by other authors include age at onset, enhancement pattern, and the presence of other typical
MS lesions [7,8]. However, study design has varied considerably between publications,
especially as some studies included patients with an existing diagnosis of multiple sclerosis
prior to development of a TDL, which can influence or bias analysis of relapse risk [1,3,7-
10]. Many studies also incorporate data from patients diagnosed radiologically as TDL
without pathologic confirmation, some of whom may in fact have alternate diagnoses
[3,6,9,12].

Clinicians are also sometimes faced with the conundrum of evaluating a patient with
previously unsuspected inflammatory demyelination on brain biopsy, such as following
biopsy of a mass lesion initially may have been suspected to be a high-grade glioma.
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Counseling brain biopsy-confirmed TDL patients about diagnosis, prognosis and preventive
immunomodulatory or immunosuppressive therapy can be challenging given the minimal
and variable evidence base, especially when there is no other evidence of MS or another
autoimmune or demyelinating condition.

The primary aim of our study was to identify patients with pathologically confirmed
demyelinating lesions, and evaluate clinical and radiographic factors associated with risk of
clinical relapse. We hypothesized that: (1) solitary TDLs would carry a lower risk of relapse
than multifocal TDL presentations; and (2) inflammatory CSF profile would be associated
with a higher risk of relapse. We also evaluated for potential contributory comorbidities,
because numerous TDL case reports highlight potential associations and risk factors ranging
from various cancers, autoimmune diseases, human immunodeficiency virus (HIV), and
exposure to certain medications [6,13-22].

2. Methods
2.1 Study Cohort

In this retrospective chart review, we identified patients older than 15 years of age who
underwent brain biopsy at UCSF between January 2000 and December 2015 and received a
final neuropathological diagnosis of inflammatory demyelination. Subjects under age 15
were excluded from this analysis, as TDLs in younger patients may have different clinical
characteristics and epidemiology [23]. We elected to include a single case of inflammatory
demyelination in which the radiologic criterion for a TDL of 2 cm was not met, as the
starting point of the analysis was all patients with pathologically confirmed demyelination.
The UCSF Committee on Human Research approved the study protocol for retrospective
chart review.

2.2 Clinical Characteristics

Demographic and clinical variables were abstracted from the electronic health record by a
MS trained neurologist (MT) into a case review form. The following details were recorded:
pre-morbid medical history, age at biopsy, sex, race, clinical or imaging relapse, CSF
immunoglobulin index, presence of oligoclonal bands, and serum aquaporin 4 1gG testing.
Clinical relapse was defined as a new clinical event consistent with a typical inflammatory
demyelinating disease or multiple sclerosis relapse lasting at least 24 hours and occurring at
least 30 days from the index demyelinating event.

2.3 Neuroimaging

MR images were analyzed by a neuroradiologist (SC) and neuroradiology fellow (JEV), and
the following variables were recorded: lesion number, lesion location, presence of edema,
enhancement pattern, lesion appearance (solid, cystic, or mixed) and interval appearance of
lesions following biopsy. Follow-up imaging was also reviewed. Radiological progression
was defined as the appearance of enlarging or new T2/FLAIR or gadolinium enhancing
lesions at least 30 days after biopsy.
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2.4 Pathological Evaluation

All cases originally reported as compatible with a demyelinating lesion were identified
through a pathology database search, and pathology materials were subjected to a central
review by one of the authors (TT). Routine sections, special stains and
immunohistochemical studies performed as a part of the original pathology work-up was re-
evaluated and the cases were classified as having inflammatory demyelination or “other.”
Additional special stains or immunohistochemical studies were also performed when
necessary for inclusion/exclusion to the study. Cases without sufficient pathology material
and with a pathological diagnosis other than inflammatory demyelination were excluded. In
cases where there was subsequent material, this material was also reviewed and recorded.
We excluded cases in which the brain biopsy was performed and/or read-out at another
institution, even if the patient was subsequently evaluated clinically at UCSF. We also
excluded autopsy-only cases.

2.5 Statistical Analysis

3. Results

Summary statistics were calculated. Comparisons of categorical variables were performed
utilizing the Fisher exact test. STATA 12 (StataCorp LP, College Station, TX) was used for
these analyses.

We identified 31 patients with brain biopsy-confirmed inflammatory demyelinating lesions.
On clinical follow-up, 2 (6.5%) patients went on to have confirmed neoplastic diagnoses
based on clinical follow-up and additional diagnostics: 1 with diffuse astrocytoma with a
gliomatosis pattern of spread (discovered at autopsy 1 year after the biopsy that showed
demyelination) and another with primary CNS lymphoma (confirmed by a second brain
biopsy 12 weeks later). Review of initial conventional MRI imaging was unable to
discriminate between demyelination and neoplastic process in either of these subjects.
However, follow-up imaging in both cases demonstrated elevated cerebral blood volume on
dynamic susceptibility contrast perfusion sequences that subsequently favored neoplasm
rather than demyelination. Both of these patients were excluded from the following analysis
of relapse risk given these alternative diagnoses.

Of the remaining 29 patients, ages ranged from 16 to 69 years, with a mean age of 41.6
years; 51.7% were female (Table 1). All but one patient had at least one TDL on imaging
review, with one biopsied patient lacking a lesion >2 cm. The demyelinating lesion
diagnosed on brain biopsy was the first neurological event for 18 of the patients, while 3
carried a history of a prior demyelinating event, including 1 with prior optic neuritis and 2
already carrying a diagnosis of multiple sclerosis. Serum anti-aquaporin4d (AQP4) IgG
results were available for 13/29 patients in our demyelinating cohort, all of whom tested
negative for the autoantibody. Serum testing for antibodies against myelin oligodendrocyte
glycoprotein (anti-MOG) was not available for any of the subjects in our cohort. While the
importance of anti-MOG testing in NMO spectrum disorders and other demyelinating
disease phenotypes including TDLs has since been highlighted in emerging literature,[24]
MOG testing was not performed in any of these patients and was not clinically available
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during the epoch under study. Glucocorticoids were administered in 69% of patients (70%
after biopsy, 20.7% at various time points before biopsy). Plasma exchange was
administered to 48% of patients, typically due to an inadequate or incomplete response to
corticosteroids. Immunomodulation with MS-specific therapies or other immunosuppressive
therapies was initiated in 71% of patients either at discharge or during follow-up. Clinical
relapses occurred in 40% of patients, with a median follow-up duration of 22 months. Mean
expanded disability status scale (EDSS) was 3.5 at last follow-up.

On review of baseline brain MR imaging, there was a solitary TDL in 12 (41%) and
multifocal lesions in 17 (59%) (Table 1). Edema surrounded the lesions in 23 cases (79%).
Enhancement following the administration of gadolinium was observed in all but one of the
29 cases reviewed. Patterns of enhancement were classified as follows from most to least
prevalent: incomplete rim (75.9%), nodular (13.8%), patchy (6.9%), radiating/linear (6.9%),
and complete rim enhancement (3.4%) (Figure 1). Spinal lesions were less common, with
only 6 of 24 (25%) patients with spinal imaging demonstrating abnormalities (1 with a
longitudinally extensive lesion, 4 with enhancing lesions typical of demyelinating disease
and 1 with a patchy T2 hyperintensity). Imaging progression, defined as development of new
lesions over time, was observed in 41% of patients with follow-up imaging available (n =
22). Recurrent TDLs were observed in 3 patients (13.6%), all of whom presented initially
with a solitary TDL. A recurrent solitary TDL occurred in one patient with smoldering
multiple myeloma that had recently transformed to active myeloma, and in another patient
with recurrent Balo’s concentric sclerosis-like lesions. The third patient had concurrent
myelitis at initial presentation, but multifocal recurrence, and is suspected to have a
seronegative NMO spectrum disorder.

In order to test the hypothesis that multifocal TDL presentations carry a higher risk of
relapse, patients diagnosed with TDL as a first neurological event (n = 18) were grouped as
solitary or multifocal based on their baseline imaging presentation (Table 2). The rate of
relapse was similar between the groups, with 2 (29%) of 7 solitary and 2 (33.3%) of 6
multifocal TDL patients suffering a clinical relapse within the follow-up period. Imaging
progression was seen in 40% and 43%, respectively. The only parameters for which a
difference was seen between patients with solitary versus multifocal presentations were CSF
protein and rate of treatment with intravenous corticosteroids and immunosuppression,
neither of which is useful in clinical practice as a prognostic variable. However, we observed
that subjects with solitary TDLs were predominantly male and trended toward an older age
of onset.

A CSF exam with at least 2 unique oligoclonal bands or elevated 1gG Index was associated
with a trend toward higher relapse rate when compared to patients without evidence of
intrathecal immunoglobulin synthesis but did not reach statistical significance (Table 3). Of
patients without at least 2 oligoclonal bands or an elevated 1gG index, 25% later relapsed,
and 33% developed new lesions on follow-up imaging.
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4. Discussion

Of all brain biopsy confirmed demyelinating lesions diagnosed at our institution over a 15-
year period in patients age 15 and older, 6.5% went on to have a neoplastic diagnosis on
clinical follow-up. Consistent with our results, multiple other case reports have described
confirmed tumefactive demyelination on brain biopsy in patients that turned out to have a
final diagnosis of glioma or primary CNS lymphoma [25-29]. Notably, the patient in our
study subsequently diagnosed with primary CNS lymphoma had >5 unique oligoclonal
bands on CSF evaluation, a finding common in MS. Clinical-pathological correlation and
close clinical and imaging follow-up, including dedicated imaging protocols optimized to
distinguish demyelination from malignancy when clinically indicated, is recommended
when the neuropathological diagnosis is inflammatory demyelination, especially when the
diagnosis of a demyelinating disease is not otherwise suspected [2].

The results from our study suggest that the rate of clinical relapse and imaging progression
following tumefactive demyelinating lesions is considerably higher than reported in the
initial study by Kepes et al [6] — and higher than what we had hypothesized going into this
analysis — but similar to many other reports in the published literature [1,3,6-12]. In our
series, patients with solitary TDLs were at a similar risk of relapse or imaging progression to
those with multiple lesions at the time of biopsy. Intrathecal immunoglobulin synthesis was
observed much more frequently in patients with multifocal MRI presentations, and together
this was associated with a trend toward increased risk of relapse but was not statistically
significant. Importantly, none of the patients in our series with solitary TDLs that relapsed
on clinical follow-up had inflammatory CSF, suggesting that the absence of oligoclonal
bands or other markers of intrathecal inflammation is not necessarily reassuring in the
context of a solitary TDL. Taken together, the results of our study suggest that the risk of
relapse following the initial diagnosis or TDL is comparable to other typical clinically
isolated syndrome (CIS) presentations, and close follow-up and individualized consideration
of a preventive disease modifying therapy is advisable [30]. However, as with CIS generally,
some patients with TDL end up having a monophasic course on longer-term follow-up.

In our analysis, we reviewed past medical histories and comorbidities for possible
associations with TDLs owing to anecdotal observations within our center as well as
published case reports of TDLs occurring in the setting of various cancers
[6,13,15,25,26,28]. In our series, we identified two patients with a known history of
monoclonal gammopathy, one with monoclonal gammopathy of unknown significance
(MGUS) who did not relapse with 18 months of follow-up, and another with smoldering
multiple myeloma whose TDL occurred temporally in association with the conversion to
active myeloma and who went on to have another TDL relapse. Additional co-morbidities of
note included a patient with a prior history of optic neuritis who developed a tumefactive
relapse during the postpartum period (leading to a diagnosis of relapsing-remitting MS and
who clinically stabilized with Rituximab), one patient who developed a TDL 2 years after
suffering from anti-NMDAR encephalitis, and another patient with a TDL that occurred
immediately after waking up from general anesthesia for an elective procedure and did not
relapse or have radiological disease progression over more than 2 years of follow-up. Other
comorbidities reported in the existing literature include autoimmune diseases (systemic
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lupus erythematosus, Sjogren’s syndrome) and HIV,[16,17,20-22] none of which was
observed in our series during the period under study although diagnostic protocols were not
standardized in this retrospective real-world analysis. In some instances, TDLs may
represent a rebound phenomenon or very severe relapse manifestation of MS, as with
postpartum presentations and reports during transition off certain disease modifying
therapies such as natalizumab and fingolimod [31-33], though such cases do not typically
make it to brain biopsy given the clinical context and therefore were not captured in our
analysis. Despite reports of NMOSD with AQP4 antibodies presenting as a TDL [3,34],
none of the patients in our cohort tested positive for aquaporin-4 antibodies, although some
of the cases occurred during a time period before such testing was available or
commonplace.

Limitations of our study include the relatively small sample size (although comparable with
many other published series on this topic), limited follow-up duration and some missing data
given that this was a retrospective chart review. While a strength of our study is inclusion of
only pathologically-proven cases, our results may not be generalizable to suspected TDL
cases that do not proceed to biopsy.

5. Conclusions

Our study supports the recommendation that patients with TDLs confirmed by brain biopsy
receive close follow-up, because clinical relapse is fairly common and misdiagnosis can
occur even after pathologically confirmation, probably due to sampling bias of tissue
biopsied. Inflammatory CSF is associated with a risk of relapse approaching 67% in our
study, but relapses can occur in patients with non-inflammatory CSF, particularly if there is a
solitary TDL. Given numerous reports of malignancy in association with TDL presentation,
evaluation for malignancy and possibly monoclonal gammopathy in patients presenting with
TDL at an atypical age for demyelinating disease should be considered. While no
seropositive NMO spectrum disorders were identified in our series, testing for anti-
aquaporin-4 antibodies is advisable and MOG-antibodies may also be considered. Longer-
term follow-up and prospective studies are needed to clarify risk of relapse, overall
prognosis and the potential role for preventive immunosuppression in varied clinical
presentations of TDLs.
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O Tumefactive demyelinating lesions (TDLs) carry a substantial risk of relapse,

O Some patients with solitary TDLs relapse again with TDLs

O Pathologically confirmed tumefactive demyelination can sometimes be

O Pathologically confirmed inflammatory demyelinating lesions call for careful

Highlights

regardless of lesion number or size at presentation

associated with a final malignant diagnosis

follow-up
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Figure 1.
Imaging Patterns of Brain-biopsy Confirmed Tumefactive Demyelinating Lesions: A)

Solitary TDL with cystic appearance (T1 post-gadolinium); B) multifocal demyelinating
lesions (T1 post-gadolinium); C) Balo-like tumefactive demyelinating lesion showing
concentric rings of demyelination (FLAIR). Enhancement patterns can include: D)
Incomplete rim enhancement; E) nodular enhancement; F) and patchy enhancement (D-F,
T1 post-gadolinium). Each scan is from a different individual, none of whom were later
diagnosed with a malignancy on follow-up.
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Non-malignant brain biopsy-confirmed inflammatory-demyelination: Study Cohort
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Demographics | (r=29)
Age in years, mean (Range) | 41.4 (16-69)
Sex (Y%ofemale) | 51.7%
Race/Ethnicity |

Caucasian | 13 (44.8%)
Asian | 6 (20.7%)
Black | 2 (6.9%)

Other/Unknown | 8 (27.6%)

Clinical History |
Prior Demyelination Events | 3 (10.3%)
Prior Neurologic History * | 8 (27.6%)

Radiographic Features |
Lesion Number |

Solitary | 12 (41.4%)
Multifocal | 17 (58.6%)
Edema | 23 (79.3%)
Enhancement | 28 (96.6%)
Incomplete Rim | 22 (75.9%)
Nodular | 4 (13.8%)
Patchy | 2 (6.9%)
Radiating/Linear | 2 (6.9%)
Complete Rim | 1(3.4%)
Spinal Lesions (/7=24) 6 (25%)

Laboratory Features
Serum anti-AQP4 IgG (7=13) 0 (0%)

Treatment |
Glucocorticoids | 20 (69.0%)
Plasma Exchange | 14 (48.1%)
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Immunosuppressive therapy (/7=21) | 15 (71.4%)
Prognosis |
Follow-up duration, months (median) | 22

Clinical Relapse |

All Subjects# | 8 (40%)

212 months follow-up (/7=16) | 7 (43.8%)
MRI Progression (17=22) |

All Subjects | 9 (40.9%)

212 months follow-up (/7=16) | 6 (37.5%)

Recurrent TDL | 3(13.6%)
Last EDSS, mean (SD) | 35(2.4)

*
Prior Neurological History included suspected stroke (n=1), seizure disorder (n=3), autoimmune encephalitis (n=1), facial palsy (n=1), paraparesis
(n=1), optic neuritis (n=1).

#20 patients with available follow-up.
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Solitary versus Multifocal Brain Biopsy-Confirmed TDL presenting as a first lifetime neurological event.

Solitary Multifocal
TDL Lesions
(n=10) (n=8)
Demographics
Age in years, mean (SD) 45.9(18.1) | 36.8(13.9) ns
Sex (%female) 30% 75% P=0.15
Radiographic Features
Enhancement n(%) 10 (100%) 8 (100%)
Edema n(%) 10 (100%) | 5(62.5%) | P=0.07
Spinal Lesions n(%) 1(12.5%) 2 (28.6%) ns
Laboratory Features
CSF Studies
Elevated 1gG/OCB n(%) 0 (0%) 4(66.7%) | P=0.06
WBC (cells/pL) mean (SD) 11.2 (21.7) 10 (11.7) ns
Protein (mg/dL) mean (SD) 102 (75.6) | 39.1(13.0) | P=0.04*
Glucose (mg/dL) mean (SD) 70 (32.6) 62.5 (18.9) ns
Treatment n (%)
1V Methylprednisolone 3 (30%) 7 (87.5%) | P=0.02*
Plasma Exchange 2 (20%) 5 (62.5%) ns
MS Disease Modifying Therapy 2 (28.6%) 7 (87.5%) | P=0.04*
Prognosis
Median follow-up duration in months 20 24 ns
Clinical Relapse n(%) 2 (28.6%) 2 (33.3%) ns
MRI Progression n(%) 4 (40%) 3 (42.9%) ns
Last EDSS, mean (SD) 2.8(2.3) 3.6 (2.7) ns
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Inflammatory versus Non-Inflammatory CSF profile and risk of relapse following a brain biopsy-confirmed
TDL. Inflammatory CSF profile was defined as having elevated 1gG Index or =2 oligoclonal bands. Non-

inflammatory CSF was defined by normal 1gG Index and <2 oligoclonal bands.

No Intrathecal
inflammation | inflammation
on CSF Exam | on CSF Exam
(n=11) (n=10)
Demographics
Age in years, mean (SD) 425 (15.8) 33.8(12.0)
Sex (%female) 36.4% 70% ns
Radiographic Features
Lesion Number
Solitary n(%) 5 (45.5%) 1 (10%) P=0.15
Multifocal n(%) 6 (54.5%) 9 (90%)
Spinal Lesions n(%) 2 (22.2%) 3 (30%) ns
Treatment
DMT n(%) 6 (66.7%) 8 (100%) ns
Prognosis
Median follow-up in months 19.5 47 P=0.08
Clinical Relapse n(%)# 2/8 (25%) 416 (66.7%) ns
MRI Progression n(%) 3/9 (33.3%) 4/6 (66.7%) ns
Last EDSS, mean (SD) 2.8(2.3) 4 (2.6) ns

#o . .
Patients with available follow-up.

J Neurol Sci. Author manuscript; available in PMC 2018 October 15.



	Abstract
	1. Introduction
	2. Methods
	2.1 Study Cohort
	2.2 Clinical Characteristics
	2.3 Neuroimaging
	2.4 Pathological Evaluation
	2.5 Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	References
	Figure 1
	Table 1
	Table 2
	Table 3



