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Abstract
Purpose of Review
Tumor-like brain lesions are rare and commonly suggest a neoplastic etiology. Failure to rapidly
identify non-neoplastic causes can lead to increased morbidity and mortality. In this review, we
describe 10 patients who presented with atypical, non-neoplastic tumor-like brain lesions in
which brain biopsy was essential for a correct diagnosis and treatment.

Recent Findings
There has been increasing recognition of autoimmune conditions affecting the nervous system,
and many of those diseases can cause tumor-like brain lesions. Currently available reports of non-
neoplastic tumor-like brain lesions are scarce. Most case series focus on tumefactive demyelinating
lesions, and a comprehensive review including other neuroimmunological conditions such as CNS
vasculitis, neurosarcoidosis, histiocytic and infectious etiologies is lacking.

Summary
We review the literature on tumor-like brain lesions intending to increase the awareness and
differential diagnosis of non-neoplastic brain tumor mimics. We advocate for earlier brain bi-
opsies, which, in our case series, significantly changed diagnosis, management, and outcomes.

Introduction
Tumor-like brain lesions are defined as lesions that measure more than 2 cm in size on MRI,
potentially causing edema and mass effect.1 The most common cause of tumor-like brain ab-
normalities include primary CNS neoplasm or metastatic disease; however, up to 13% of patients
with tumor-like brain lesions consulting with neuro-oncologists have non-neoplastic tumor
mimics with heterogeneous etiologies.2 MRI of the brain may have unique findings on some of
these entities and can help guide the initial workup and treatment. However, those findings can be
nonspecific, preventing the correct identification of non-neoplastic tumor-like lesions, leading to
delay or incorrect treatment and worse outcomes. Our case series aims to describe 10 patients
who presented with tumor-like brain lesions mimicking neoplasms, and MRI brain findings were
not enough to differentiate from neoplastic causes; hence, brain biopsies were obtained.

Case Descriptions
Demyelinating Disease
Tumefactive Lesions Causing Uncal Herniation in a Patient on Fingolimod
Figure 1, A–D: Patient 1 is a 31-year-old man with multiple sclerosis on fingolimod who
presented with dysarthria and encephalopathy for 1 week despite medication adherence. MRI
(Figure 1, A and B) revealed an 8 × 5 centimeters (cm) incomplete enhancing right temporal
lobe lesion with 1.3 cm uncal herniation treated with intravenous (IV) steroids x 3 weeks.
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Steroids were weaned, and 2 months later, he received the
Pfizer mRNACovid-19 vaccine. One week after the second
immunization, patient returned with expressive aphasia and
MRI revealed a new enhancing lesion with targetoid appear-
ance in the left centrum semiovale (Figure 1, C and D). Patient
underwent biopsy to rule out T-cell lymphoproliferative pro-
cess, which has been reported with fingolimod and can have a
more heterogenous appearance in setting of immunosuppres-
sion. Biopsy revealed a macrophage-rich demyelinating lesion
with sheets of CD163-positive foamy macrophages and CD3-
positive T lymphocytes. He improved with plasmapheresis
followed by 7 sessions of cyclophosphamide.

Tumefactive demyelinating lesions (TDL) represent a hetero-
geneous group of inflammatory CNS demyelinating diseases.
They most commonly occur in the second to third decade of
life; only 4% of the patients are younger than 18 years, and 4%
are older than 65 years.1 The incidence of TDL has been es-
timated to be around 0.3/100.000 people, and the prevalence is
1–3/1000 cases of MS.2 The ratio of women to men differs
across series; some have found higher prevalence in women,
while others have found a ratio close to 1:1.1,3 In 46% of the
patients with TDL, there is a known history of MS; however,
tumefactive demyelination can be the first neurologic event,
and 30%–70% of patients with TDL will develop MS over
time.3,4 In patients evolving toMS, the time to second relapse is
significantly longer after a tumefactive lesion when compared
with a clinically isolated syndrome (CIS) and has been esti-
mated to be 4.8 years.3 Sphingosine-1 phosphate receptor
(S1P) inhibitors, natalizumab, and alemtuzumab have been
associated with tumefactive demyelination in patients with

MS.2 Balo’s concentric sclerosis (BCS) is a form of tumefactive
demyelinating disease, characterized by alternating rings of
demyelinated and preserved myelin layers with a venule of-
tentimes at the center.5,6

CSF studies may be normal or may reveal pleocytosis and el-
evated proteins. Oligoclonal bands are present in 33% of pa-
tients with TDL, and 35% will have an elevated IgG index,
which is less frequent than in typical multiple sclerosis.1,3 Pa-
tients with these markers are more likely to develop MS, al-
though oligoclonal bands are not specific for demyelination.
For example, oligoclonal bands are present in 27% of CNS
lymphoma cases, which can lead to diagnostic uncertainity.7

MRI of the brainmay differentiate demyelinating tumefactive
lesions from brain tumors, with an estimated sensitivity of
89% and specificity of 94%.1 Obtaining serial MRIs is sug-
gested because TDLs tend to decrease in size or even dis-
appear on interval imaging several weeks later, while
neoplasm will tend to increase in size.2 TDL are commonly
focal and supratentorial, located in the cerebral bihemi-
spheric white matter of the frontal and parietal lobes but can
also be found elsewhere in the CNS, including the gray
matter.1 Multifocal tumefactive lesions can occur, and almost
all tumefactive demyelinating lesions will have gadolinium
enhancement with heterogeneous patterns.1,8 Important
imaging findings for demyelination include an open ring or
incomplete ring of enhancement pointing toward the gray
matter, which is present in approximately 35–70% of the
cases, with a specificity of 98–100%.8,9 The enhancing ring
area represents the leading edge of demyelination favoring

Figure 1 Demyelinating Diseases

(A–D) Patient 1, tumefactive multiple
sclerosis. (E–I) Patient 2, neuromyelitis
optica. (J–M) Patient 3, myelin oligo-
dendrocyte glycoprotein antibody–
associated disease (MOGAD).
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the white matter and is associated with infiltration of mac-
rophages and angiogenesis at the inflammatory border.10

Closed ring enhancement is frequently seen in high-grade
neoplasms, but it can also be seen in approximately 18% of
demyelinating lesions.4 There may be a perilesional T2
hypointense and T1 hypointense ring in 48% of the patients
in the same area of ring enhancement.2,8 Central diffusion
restriction mimicking abscess can occur in lesions with an
intense inflammatory core.1 TDLs classically show high
ADC in the center of the lesion due to vasogenic edema and
myelin destruction and low ADC peripherally due to in-
flammatory cell infiltrates.4 Finally, a butterfly configuration
through the corpus callosum mimicking glioblastoma could
be seen in up to 12% of patients with TDL.3

Magnetic resonance spectroscopy (MRS) has a high sensitivity
but low specificity for demyelination because it can demonstrate
increased choline (Cho) and reduced N-acetylaspartate (NAA),
with a resultant increased Cho/NAA ratio; however, this finding
may also be seen in non-necrotic high-grade brain tumors such as
anaplastic astrocytoma, GBM, and primary CNS lymphoma.11

MR perfusion images can help differentiate TDL from brain
tumors by measuring the mean relative cerebral blood volume,
which will be significantly less in demyelination as compared
with neoplasms.2However, perfusion images can be inconclusive
given the variability of tumor types, and primaryCNS lymphoma
may have decreased cerebral blood volume mimicking de-
myelination.2 Nuclear medicine studies such as brain single
photon emission computed tomography (SPECT) or PET can
be helpful in the differentiation of intracranial neoplasms, with
delayed increased accumulation in SPECT being more com-
monly seen in lymphoma and melanoma. The value of these
studies in distinguishing TDL from malignancy is uncertain
because TDL can demonstrate increased accumulations of the
tracer and high retention in both early and delayed sequences in
SPECT. TDL tend to be hypometabolic in PET scan but could
demonstrate hypermetabolism mimicking lymphoma as well
(Table 1).16,17 Interestingly, hypoattenuated areas on computed
tomography scan (CT) that correspond to areas of enhance-
ment onMRI occur at a higher rate in tumefactive demyelination
than in tumor (93% vs 4%).1 Hence, CT plus MRI have a
stronger diagnostic accuracy thanMRI alone, with a sensitivity of
87% and specificity of 100%.4

Brain biopsy is the gold standard for the diagnosis and is par-
ticularly beneficial when there is absence of other lesions in the
brain and spinal cord compatible with demyelination. Stains for
myelin, axons, and macrophages can help differentiate de-
myelination from CNS lymphoma or glial neoplasm. Features
of demyelination include relative axonal sparing, foamy mac-
rophages that contain myelin in the absence of coagulative
necrosis, reactive astrocytes, and perivascular lymphocytes
(Figure 2A).4,18 Creuztfelt cells are a nonspecific feature of
demyelination that appear as reactive astrocytes with karyor-
rhexis.2 The diagnostic yield of brain biopsy is 95.7% in brain
tumors; however, in TDL and other tumor-like brain lesions,
the exact yield is brain biopsy is unknown.19

Most patients with tumefactive demyelination improve after
IV corticosteroids. If there is an incomplete response, plas-
mapheresis may be warranted. In severe cases, rituximab or
cyclophosphamide could be tried.2

Tumefactive NMO in a Patient With Mitochondrial
Disorder
Figure 1, E–I: Patient 2 is a 23-year-oldmanwho presentedwith a
focal onset seizure with impaired awareness at age 12 years. MRI
showed a right temporal mass which was resected (Figure 1,
E–G). Low-grade glioneuronal tumor was questioned; however,
the pathology did not show neoplastic proliferation. Brain tissue
revealed perivascular lymphocytic infiltrates in the meninges and
cortex, with areas of dystrophic calcifications and gliosis (Figure 2,
B and C). At age 18 years, he developed headaches, recurrent
multifocal seizures, and subclinical status epilepticus. Brain MRI
showed extensive enhancing periventricular and corpus callosum
T2 hyperintense lesions. MR spectroscopy demonstrated double
lactate peak suggestive of mitochondrial disease. Gene testing
showed an abnormality in MT-ND4 gene encoding for NADH
dehydrogenase 4 in mitochondrial complex 1. At age 19 years, he
had left vision loss, serum aquaporin-4 antibody was positive 1:
10000, and he was diagnosed with NMOSD. The plan was to
start rituximab, but the patient was lost in follow-up. At age 21
years, he had recurrence of left optic neuritis with vision loss
treated with IV solumedrol, plasmapheresis, and rituximab. He
developed mucormycotic pneumonia with cavitation requiring
thoracotomy precluding further use of rituximab and other im-
munosuppressants. At age 22 years, he had right hemiparesis, a

Table 1 Diagnostic Tests for Differentiating Tumefactive Brain Demyelinating Lesions vs Malignancy

Multifocal
brain lesions Spinal cord lesion

CSF-specific
oligoclonal
bands present

Increased
Cho/NAA
on MRS

Low rCBV
on MR
perfusion

High delayed
retention
signal in SPECT

Hypermetabolism
in PET scan

Demyelinating
lesions

+/− Over 80% 33%1 + + +/2 +/−

Glial cell
neoplasm

+/− 1.5% of all primary spinal cord
tumors.12 Drop metastasis
from the brain is rare, less
than 2% of cases.13

Frequency not
reported

+/2 - +/2 2/+ in a
nonhomogeneous
pattern14

CNS lymphoma +/2 <1%15 27%7 + +/2 + + in a homogeneous
pattern14
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new left subcortical white matter hyperintensity with negative
infectious workup (Figure 1, H–I). He developed multiple in-
fections due to neutropenia and leukopenia prompting antiepi-
leptic modification. He started prednisone 20mg every other day
to treat NMO,monthly IVIG and filgrastim for immune support,
and carnitine, riboflavin, thiamine, and arginine to treat mito-
chondrial disorder. The patient has been stable without relapses
or infections since.

Neuromyelitis Optica Spectrum Disorder (NMOSD) may
present with brain lesions in 24%–89% of the patients and
typically follow the distribution of the aquaporin-4 (AQP4)
channel, including the subpia, periependymal region, brain-
stem, chiasm, hypothalamus, area postrema, and corpus cal-
losum.20 A distinctive feature in NMOSD is the involvement of
corticospinal tracts, including the posterior limb of the internal
capsule.20 Typical patterns in NMOSD include patchy en-
hancement with ill-defined margins and thin linear ependymal
enhancement. Leptomeningeal and nodular enhancement can
rarely occur. Tumefactive lesions are more common inMS but
can also occur in 3% of NMOSD cases, usually with positive
AQP4 IgG.20,21 In a series of 30 patients with Balo’s Concentric

Sclerosis and NMOSD, all patients were found to have ex-
tensive AQP4 loss in all actively demyelinating lesions.5 The
associated vasogenic edema may be due to deficient water
elimination associated with AQP4 antibodies.22 Pathology re-
veals demyelination and/or necrosis, which may progress to
cystic cavitation.23 Rescue treatment includes high doses of IV
corticosteroids and plasmapheresis. Satralizumab, inebilizu-
mab, and eculizumab are FDA-approved medications for long-
term immunotherapy, which is necessary to prevent relapses.
Rituximab has been used off-label for many years for this
condition, as well as mycophenolate, azathioprine, and meth-
otrexate, with the latter 3 being less efficacious.24

MOGAD With Features of Vasculitis
Figure 1, J–M: Patient 3 is a 29-year-old woman who presented
with progressive aphasia and right hemiparesis over months.
She was found to have a left parietal mass with vasogenic edema
and heterogeneous enhancement. Brain biopsy revealed
perivascular lymphocytes with abundant macrophages and
patches of necrosis. Reticulin staining showed infiltration of
several scattered vessels by inflammatory cells; demyelination
was not excluded. Malignancy was ruled out. Special stains to

Figure 2 Examples of Pathologic Findings

(A) Shows typical histopathologic features of a demyelinating
lesion, with perivascular lymphocytes (lower left), reactive
astrocytosis, and macrophage accumulation, in viable neu-
ropil (relative axonal preservation) (magnification = ×20 be-
fore enlargement). (B, C) Images correspond to patient 2.
Shows dense perivascular lymphocytic infiltrates in the me-
ninges and the cortex, geographic areas of dystrophic calci-
fications and gliosis in the cortex and degenerative change in
the white matter with macrophages aggregates and cavitary
lesion. (D) Demonstrates histopathologic features of vascu-
litis, with transmural and perivascular infiltrates of mono-
nuclear inflammatory cells affecting the medium-sized and
small sized vessels (magnification = ×20 before enlarge-
ment). (E) Displays features of vasculitis with perivascular
infiltrates of mononuclear inflammatory cells and intra-
parenchymal macrophages (magnification = ×20 before en-
largement). (F) Shows features of neurosarcoidosis with well-
formed non-necrotizing granuloma composed of epithelioid
histiocytes (magnification = 20X before enlargement). (G)
Images correspond to patient 9. Immunohistochemical stain
using antibodies to Toxoplasma gondii, demonstrating
tachyzoites in cerebral toxoplasmosis (magnifications = 60X
before enlargement). (H) Images correspond to patient 10.
Periodic acid-Schiff (PAS) special stain highlights numerous
yeast-form fungal organisms with broad-based budding,
demonstrating cerebral blastomycosis (magnifications = 40X
before enlargement).
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detect microorganisms were negative. Serum MOG IgG titer
was positive at 1:40, and serum AQP4 IgG was negative. She
received IV solumedrol for 5 days, and on follow-up MRI,
lesion size and edema decreased significantly. Symptoms have
not recurred in 3 years without additional treatment. Arguably,
without a significant MOG titer, this might not be considered
true myelin oligodendrocyte glycoprotein antibody–associated
disease (MOGAD) by some experts; however, vasculitis has
been reported with MOGAD.

MOGAD can present with brain lesions in less than 50% of
adults,25,26 which are usually few, bilateral, with ill-defined mar-
gins,26 and a fluffy appearance.27 MOGAD can be a monophasic
or a relapsing condition and has a relapse risk of 32% within 4
years, such risk is higher in young adults between 18 and 40 years
who had optic neuritis at onset, which is the most common
relapsing phenotype.28 Locations of brain lesions include the
thalamus and the pons. MOGAD can present with an enceph-
alitis pattern resembling acute disseminated encephalomyelitis
(ADEM), involving gray and white matter.26 Encephalopathy,
headaches, and seizures occur more commonly in MOGAD as
compared with NMO and MS.21,28 Active lesions may demon-
strate patchy enhancement and tumefactive demyelinating le-
sions occur in 22% of the cases.21,26,29 On follow-up MRI,
complete or near-complete resolution of the lesion favors
MOGAD or ADEM diagnosis, as compared with MS and
NMOSD, in which lesions tend to persist, albeit may shrink
over time.26 Higher MOG antibody levels and persistent se-
ropositivity had been associated with a higher risk of a relapsing
disease course; however, recent series have not suggested
prognostic value in persistent positive titers in adults.30 Use of
prednisolone, azathioprine, mycophenolate, and methotrexate
individually or in combination has been associated with de-
creased risk of relapse of approximately 50%.28 In a multicenter
retrospective study, the annualized relapse rate (ARR) was

lower with IVIG (20%), as compared with rituximab (61%),
mycophenolate (74%), and azathioprine (59%), although only
10 patients were treated with IVIG; hence, definitive conclu-
sions cannot be drawn from these data.31 Despite MOGAD
being considered an antibody-mediated disorder, rituximab
does not seem to be as effective in MOGAD as it is in MS and
NMO, raising the question of whether MOG IgG is itself
pathogenic or a biomarker of disease.32,33

Vasculitis
CNS Vasculitis Appearing as Glial Neoplasm
Patient 4 is a 23-year-old man who presented with headache and
seizures. He was found to have a left frontal enhancing mass,
suspicious for primary glial neoplasm favoring anaplastic astro-
cytoma (Figure 3, A and B). Brain biopsy identified pre-
dominantly lymphocytic infiltration and vessel wall necrosis
consistent with vasculitis. Hewas started on prednisone 1mg/kg
daily with gradual steroid taper and transition to mycophenolate
with good response without relapse for 2.8 years.

CNS vasculitis is an idiopathic vascular inflammatory disease
limited to the CNS that occurs in all age groups and affects
parenchymal, leptomeningeal medium, and small blood vessels.
Spinal cord involvement can occur in 5% of the patients, and
tumor-like brain lesions occur in approximately 4% of the
cases.34-36 The presentation of primary CNS angiitis is variable
and nonspecific, both clinically and radiologically, with the
most common symptoms being encephalopathy, headache, and
seizures.36 Brain imaging is always abnormal, and lesions may
mimic demyelination, neoplasm, infarction, infection, and oth-
ers. Such lesions can be faint, diffuse, and coalescent; and the
presentation may include infarcts and hemorrhage paired with
multifocal stenosis on vascular imaging.34,36 High resolution
vessel wall imaging (ie MRA black blood protocol) may be
normal or may show inflammation of the vessel wall and

Figure 3 CNS Vasculitis

(A, B) Patient 4. (C–H) Patient 5.
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enhancement that is typically concentric, as opposed to ath-
erosclerotic plaque which is eccentric.37 Parenchymal and
meningeal biopsy is required for definite diagnosis of this con-
dition and demonstrates inflammation of the vessel wall, which
can be granulomatous, lymphocytic, or necrotizing (Figure 2,
D–E).36 Acute treatment involves IV corticosteroids, with a
gradual oral taper over months. Induction with either cyclo-
phosphamide or rituximab can also be given. Long-term im-
munotherapy may be warranted, with mycophenolate mofetil
and azathioprine being commonly used.36

Neuro-Behcet Mimicking Infectious Encephalitis
Patient 5 is a 41-year-old womanwith latent tuberculosis and a
history of ulcerating oral and urogenital lesions who presented
with fevers and altered mental status. Imaging demonstrated
an enhancing lesion centered at the left basal ganglia extending
into the pons and cerebellum (Figure 3, C–H). CSF showed
neutrophilic pleocytosis, WBC 283/mm3 (PMN 56%), and
elevated protein 105 mg/dL. Infectious workup was negative.
HLA-B51 was present. Brain biopsy showed reactive gliosis
and was negative for neoplasm. The patient was treated for
neuro-Behcet, given the constellation of meningoencephalitis
and urogenital ulcerations. She improved with high-dose
steroids and mycophenolate. She had a relapse 5 years later
while off mycophenolate.

Behcet disease is a chronic, relapsing-remitting, multisystemic
vasculitic disease, prevalent in Mediterranean countries and more
common in men.38 HLA-B51 susceptibility gene is present in
50%–80% of the patients within endemic geographic regions, but
its presence is not required for the diagnosis of this condition.39

The characteristic clinical findings include mucocutaneous and
genital ulcers, uveitis, and pathergy. CNS involvement is variable
within different ethnicities, and cerebral mass lesions are rare.38

Mesodiencephalic location is a typical finding for Behcet, pre-
senting with enhancing lesions and surrounding edema centered
in the midbrain with contiguous involvement of the rest of the
brainstem, basal ganglia, and internal capsule.20,40 Spinal cord
involvement can occur, and fever is present in 22%of patients.38,41

Frequent pathologic findings include intense parenchymal in-
flammatory infiltration of lymphocytes, eosinophils, and macro-
phages with areas of necrosis and neuronal loss. Fibrinoid necrosis
of blood vessels does not occur. Treatment involves chronic
immune suppression similar to other vasculitides.38

Granulomatous, Histiocytic, and Plasma
Cell Disorders
Neurosarcoidosis Presenting as a Solitary Enhancing
Mass
Patient 6 is a 48-year-oldwomanwho presentedwith headaches
and right temporal field vision loss. She was found to have T2
hyperintense left periventricular, parietal, occipital, and tem-
poral lobe hyperintensities (Figure 4, A–D). CSF revealed 29
WBC/mm3, protein of 50 mg/dL, and no oligoclonal bands.
Her brain biopsy showed small noncaseating granulomas
without significant involvement or destruction of blood vessels.
She was diagnosed with neurosarcoidosis, started on infliximab

and methotrexate with resolution of enhancement and im-
provement of T2/FLAIR hyperintensity.

Sarcoidosis is an immune-mediated granulomatous disorder that
can affect every organ system. Neurosarcoidosis occurs in
5%–10% of patients with systemic sarcoidosis; however, recent
studies have found higher numbers, up to 34%.42 Incidence varies
among different ethnicities, 10/100,000 inWhite patients, and as
high as 80/100,000 in Black patients.42 It can affect any part of the
nervous system, and isolated CNS involvement without systemic
findings can occur in up to 20% of the patients.42 Brain paren-
chyma infiltration resembling a cerebral mass can occur.43 Path-
ogenesis is believed to be an exaggerated granulomatous reaction
after exposure to unidentified antigens in genetically susceptible
patients, and brain biopsy demonstrates well-formed, non-
necrotizing granulomas (Figure 2F).44 Sarcoidosis is a remarkably
steroid-responsive condition, which represents standard of
treatment, with long and slow tapers being typically required.42

Steroid sparing agents can be used as well, depending on the
severity of the disease. Given the important role of TNF alpha in
initiation and perpetuation of granulomatous response, TNF al-
pha inhibitors are frequently used.Methotrexate, mycophenolate,
and azathioprine can be used as well.42

IgG4-Related Disease Presenting as a Cerebral Mass
With Leptomeningeal Enhancement
Patient 7 is a 42-year-old, right-handed man who presented
with progressive right hemiparesis, hemisensory loss, and
focal motor seizures with secondary generalization. MRI
brain (Figure 4, E and F) showed extensive left parietal
vasogenic edema with abnormal leptomeningeal and dura
enhancement in the left frontoparietal and occipital regions.
CSF showed 5WBC, protein 62, high IgG 9 (reference 0.0 to
8.1), high IgG index 1.21, and >5 CSF-specific oligoclonal
bands. CSF cytology was negative for cancerous cells. CSF
infectious workup was negative. Extensive rheumatologic
workup was also unrevealing. CT chest/abdomen/pelvis and
whole-body PET scan were normal. Serum IgG panel
showed high IgG4 (98 mg/dL, normal value 2–96 mg/dL)
and high IgG4/IgG ratio (15%, normal value 5%). Biopsy
showed marked chronic inflammatory infiltrate with in-
creased IgG4 plasma cells per high power field (HPF) (>50)
and increased IgG4/IgG ratio involving leptomeninges and
overlying dura. The inflammatory infiltrate extended super-
ficially in the underlying cortex with dominant perivascular
distribution. A repeat MRI brain (Figure 4, G and H) 2
months later showed significant improvement in mass size,
leptomeningeal enhancement, and edema. He was treated
with prolonged oral prednisone taper, with relapse on dis-
continuation. Rituximab was added, with good clinical and
radiologic response.

IgG4-RD is an immune-mediated, fibroinflammatory disorder
of unknown cause characterized by unique pathologic features
involving a wide variety of organs.45 It can mimic any other
condition including neoplastic, infectious, and other in-
flammatory diseases. Although uncommon, brain parenchymal

6 Neurology: Clinical Practice | Volume 13, Number 5 | October 2023 Neurology.org/CP

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

http://neurology.org/cp


involvement and tumor-like presentation are possible.45,46

Pathologic findings include infiltration of lymphocytes and
plasmacytes with demonstration of IgG4 plasma cells (ratio of
IgG4/IgG cell >40% and >10 plasma cell/HPF), fibrosis that is
organized in a storiform pattern, and obliterative phlebitis.46

Corticosteroids are the first-line treatment. Relapse rates dur-
ing glucocorticoid taper or maintenance therapy are high, and
in such case, B-cell depletion is recommended.46 Untreated
IgG4RD often progresses from lymphoplasmacytic in-
flammation to extensive fibrosis, and at this stage, patients are
less likely to respond to treatment. Hence, recognition is im-
portant to avoid permanent organ dysfunction and disability.45

Langerhans Cell Histiocytosis Presenting as a
Suprasellar Mass
Patient 8 is a 42-year-old woman with a history of DM-2, hy-
pothyroidism, skin and vaginal ulcers, and psoriatic arthritis
who presented with progressive cognitive decline over 1 year
and diabetes insipidus. MRI brain (Figure 4, I–K) showed a T2
hyperintense mass-like lesion with enhancement involving the
hypothalamus and optic chiasm extending along the tuber
cinereum and optic tracts. CSF showed 7 WBC and high
protein. Serum AQP-4 and MOG antibodies were negative.
Biopsy of the mass showed granulomatous features and heavy
histiocytic-lymphocytic infiltration. Clinical condition wors-
ened in 2 months with visual hallucinations and delusions.

Repeat MRI brain (Figure 4L) revealed increase in size of the
lesion and involvement of the right medial temporal lobe.
Whole-body PET scan showed a hypermetabolic mass in the
suprasellar area. Bone marrow biopsy was normal. Re-
evaluation of pathology slides revealed fragments of neuropil
with perivascular and intraparenchymal aggregates of histio-
cytes, eosinophils, scattered giant cells, admixed lymphocytes,
plasma cells, and reactive astrocytes. Stain for CD1a, langerin,
and BRAF V600E mutant protein was positive, suggestive of
Langerhans cell histiocytosis.

Histiocytoses are rare heterogeneous hematopoietic conditions,
with the most recognized being Langerhans cell histiocytosis
(LCH), Erdheim-Chester disease (ECD), and Rosai-Dorfman-
Destombes disease (RDD). These diseases are characterized by
the accumulation of CD68 cells with various inflammatory in-
filtrates and fibrosis.47 LCH is more common in children but can
also be present in young adults and is characterized by the
presence of BRAF V600E mutation. Constitutional symptoms
such as fever and weight loss can occur, as well as bone pain,
mucosal or cutaneous lesions, cytopenias, and diabetes insip-
idus.47 Brain lesions are rare, can have a tumor-like appearance,
and are most frequently located in the pituitary stalk, pineal
gland, and other circumventricular regions.48 Pathology dem-
onstrates positive CD1a and Langerin in LCH and tissue in-
filtration of CD68 (+) cells in LHC and ECD. S100 positivity

Figure 4 Granulomatous, Histiocytic, and Plasma Cell Disorders

(A–D) Patient 6, neurosarcoidosis.
(E–H) Patient 7, IgG-4–related disease
(IGG4RD). (I–L) Patient 8, Langerhans
histiocytosis.
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and VRAFV600Emutations can be present in LCH and ECD.48

Therapy directed against myeloid precursors with activated
MAPK signaling may be effective for LCH.49

Infections
Toxoplasmosis in a Patient With Waldenstrom
Macroglobulinemia
Patient 9 is a 62-year-old man with Waldenstrom macro-
globulinemia treated with bendamustine and rituximab who
presented with impulsive behavior, spontaneous irregular left
arm movements, left-sided numbness, and gait ataxia. MRI
revealed an enhancing lesion in the right thalamus, midbrain,
and pons with surrounding vasogenic edema (Figure 5, A–D).
Serum studies showed a CD4 count of 181, positive toxo-
plasma IgG and negative IgM. CSF revealed lymphocytic
pleocytosis with WBC 31/mm3 (85% lymphocytes) and pro-
tein 123 mg/dL, otherwise unremarkable. Biopsy revealed a
macrophage-rich lesion with scattered mononuclear lymphoid
cells, primarily CD3-positive T cells, without evidence of gli-
oma or lymphoma, and negative fungal and acid-fast bacilli
stains (Figure 2G). Next-generation sequencing of biopsy was
positive for toxoplasmosis. He was treated with pyrimethamine,
sulfadiazine, and clindamycin for 6 weeks with clinical and
radiographic improvement.

Toxoplasma gondii is a ubiquitous protozoan parasite that can
cause opportunistic cerebral infection due to the reactivation of
latent brain cysts in the setting of decreased T-cell activity.50,51

Cerebral toxoplasmosis most commonly presents with multiple
ring-enhancing lesions predominantly in the basal ganglia, which
may demonstrate a small eccentric enhancing nodule along the
lesion wall, known as the eccentric target sign, which is seen in
<30% of the cases.50 The concentric target sign has also been
described and represents concentric alternating zones of hyper-
intensities and hypointensities on T2. Nodular enhancing or
expansile nonenhancing brain mass lesions may also occur.50

Treatment consists of at least 4–6 weeks of pyrimethamine with
sulfadiazine or clindamycin with concurrent administration of
folinic acid; antimicrobial course may be longer in immunocom-
promised patients until resolution of all signs and symptoms.52

Blastomycosis in a Patient With Medication-Induced
Lymphopenia
Patient 10 is a 68-year-old woman with a history of multiple
sclerosis, HTN, and DM type II who developed grade III
lymphopenia while on dimethyl fumarate (ALC 200/mm3).
She presented with numbness, weakness, and spasticity in her
right arm and leg. MRI of the brain revealed a right cerebellar
and left thalamic enhancing lesion containing several small

Figure 5 Infections

(A–D) Patient 9, toxoplasmosis. (E–L)
Patient 10, blastomycosis.
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cysts with surrounding edema (Figure 5, E-H). CT chest
showed a right lung mass. She received 3 days of IV cortico-
steroids as was believed to have sarcoidosis. Brain biopsy
showed granulomatous inflammation with multinucleated
histiocytes, lymphocytes, and plasma cells with numerous
thick-walled yeast-form fungal organisms, positive for periodic
acid-Schiff (PAS), Gomori methenamine silver (GMS) stains,
and negative for AFB (Figure 2H). Bronchoalveolar lavage
(BAL) revealed Blastomyces dermatitidis; hence, the patient

completed induction therapy with IV amphotericin B and 2
years of voriconazole treatment for both CNS and pulmonary
blastomycosis. Her symptoms greatly resolved with antifungal
therapy, and her brain lesion improved significantly, with only
mild residual enhancement in the left thalamus on follow-up
imaging 1 year after therapy completion (Figure 5, I–L).

Blastomycosis is caused by Blastomyces dermatitidis, which
is endemic in the Midwest and Southeast in North America.

Table 2 Causes of Tumor-like Brain Lesions Mimicking Neoplasms, Pertinent MRI Findings, Pathology and Treatment

Causes of tumor-like brain lesions
mimicking neoplasms MRI brain findings Pathology Treatment

Tumefactive
demyelinating
lesions

• Open ring or incomplete ring of
enhancement

• T2 hypointense rim around edge of lesion
• High DWI in the center of the lesion or
periphery. High ADC centrally and low
ADC in the periphery of the lesion

• Foamy macrophages containing
myelin in the absence of
coagulative necrosis

• Reactive astrocytes
• Relative axonal sparing
• Perivascular lymphocytes

• Steroids
• Plasmapheresis
• Rituximab
• Cyclophosphamide

IgG-4–related
Diseases

• Pachymeningitis
• Hypophysitis
• Brain parenchymal involvement

• Dense lymphoplasmacytic
infiltrate with demonstration of
IgG-4 plasma cells

• Organizing fibrosis

• Steroids
• Rituximab

Histiocytosis • Hypothalamic and pituitary involvement
• Persistent gadolinium enhancing brain
parenchymal lesion

• Tissue infiltration by histiocytes
(CD68+)

• S100 positivity (LCH and RDD).
•CD1a and Langerin positivity (LCH)
• BRAF V600E mutations (LCH)

• Chemotherapy
• Targeted therapy blocking MAPK
pathway activation

Vasculitis • Ischemic > hemorrhagic strokes
• Leptomeningeal enhancement
• Brain mass
• Multifocal vascular narrowing
•Circumferential and concentric vessel wall
thickening and enhancement

• Behcet: brainstem, thalamic, basal ganglia
lesions

• Transmural vessel wall
inflammation

• Lymphocytic, granulomatous,
and/or necrotizing features

• Steroids
• Cyclophosphamide
• Rituximab

Sarcoidosis • Leptomeningeal and/or cranial nerve
thickening and enhancement

• Parenchymal mass with nodular
enhancement

• Perivascular enhancement
• Pituitary, infundibulum, and
hypothalamus involvement

• Well-formed non-necrotizing
granulomas

• Steroids
• Methotrexate
• Azathioprine
• Mycophenolate
• TNF alpha inhibitors

Genetic diseases57 • X-ALD: parieto-occipital predominance;
leading edge of demyelination

• MLD: periventricular and subcortical
demyelination that spares U fibers

• CTLA-4 deficiency: numerous confluent
white matter hyperintensities

• X-ALD: demyelination of cerebral
white matter, inflammation,
gliosis, and macrophage infiltrate

• MLD: myelin loss with
metachromatic histiocytes
demyelinating neuropathy with
metachromatic histiocytes

• CTLA-4 deficiency: Perivascular and
intraparenchymal
lymphoplasmacytic infiltrates

• X-ALD and MLD: HSCT
• CTLA-4: abatacept

Infections51 • Toxoplasmosis: eccentric and concentric
target sign; vasogenic edema often
disproportionate to lesion size;
predilection for basal ganglia

• Blastomycosis, aspergillosis: multiple brain
abscesses

• Cysticercosis: early—edema and rim
enhancement in colloidal vesicular and
granular nodular stages, may see central
scolex; late—calcified lesion.

• Toxoplasmosis: tachyzoites
• Blastomycosis: granulomas with
rounded fungal organism

• Aspergillosis: dichotomously
branching angioinvasive fungi

• Cysticercosis: Larval stage of
Taenia solium, often necrotic;
variable reactive inflammation
and fibrosis

• Toxoplasmosis: pyrimethamine,
sulfadiazine

• Blastomycosis: amphotericin, oral
azole

• Aspergillosis: voriconazole
• Cysticercosis: albendazole,
praziquantel

Abbreviations: CTLA-4 = cytotoxic T-lymphocyte antigen 4; HPF = high power field; HSCT = hematopoietic stem cell transplant; LCH = Langerhans cell
histiocytosis; MAPK = mitogen-activated protein kinase; MLD = metachromatic leukodystrophy; RDD = Rosai-Dorfman disease; X-ALD = X-linked
adrenoleukodystrophy.
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The host typically contracts the infection by inhalation of
the spores, which can disseminate through blood and lym-
phatics to the CNS.53 Fungal infections affecting the CNS
most commonly occur in immunocompromised patients
and are frequently located at the gray-white junction and
perforated arterial zones.54 CNS blastomycosis is rare, af-
fects 5–10% of patients with disseminated disease, and can
present with parenchymal abscesses or as meningitis, with a
wide range of symptoms and severity.55 Important MRI
findings include heterogeneous diffusion restriction seen in
DWI that typically precedes enhancement, because of the
high viscosity of fungal pus, as well as a thin rim of pe-
ripheral enhancement known as a weak ring.54,55 Spinal
fluid studies can be nondiagnostic because cultures may be
negative for this infection.55 Tissue samples or cytologic
material can reveal broad-based budding yeast forms of B.
dermatitidis, with positive GMS and PAS stains.56 Recom-
mended antimicrobial treatment consists of induction
therapy with amphotericin B and maintenance with an azole
agent for at least 12 months until there is resolution of
infection.53

Discussion
Tumor-like brain lesions have heterogeneous etiologies and can
be challenging to diagnose (Table 2). Erroneous diagnosis and
use of empiric treatment can lead to significant morbidity be-
cause chemotherapy and/or radiation can worsen these con-
ditions and can decrease the yield of subsequent biopsies, even
further contributing to accumulating disability. The appearance
of such lesions on conventional imaging can be similar
(Table 3), and advanced diagnostic aids such as MR spec-
troscopy, SPECT, PET, and perfusion images may be in-
conclusive. Fortunately, stereotactic brain biopsy has a high
diagnostic yield and relatively benign risk, a recent meta-
analysis noted mortality rates from 0.7% to 4% and morbidity
ranged from 3% to 13%.60

Our case series and review of literature illustrate a potentially
broad range of inflammatory/infectious etiologies for tumor-like
brain lesions, which required brain biopsy for a correct diagnosis,
and support the need for consideration of brain biopsy early in
the diagnostic process for lesions with uncertain etiology because
pathology-directed therapy improves clinical outcomes.

Tumor-like brain lesions represent a diagnostic challenge and
may be neoplastic or non-neoplastic. The wide range of in-
fectious and inflammatory potential etiologies of non-
neoplastic tumor-like brain lesions and the relatively low risk
of biopsy support early confirmation of pathology to guide
appropriate therapeutic decisions.
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Table 3 Differential Diagnosis of CNS Tumefactive
Lesions Based on MRI Characteristics

Imaging feature Associated disorders

Parenchymal ring enhancement • Demyelinating disease (i.e., MS,
NMOSD, MOGAD)

• Bacterial abscess
• Fungal infections
• Parasitic infections
• HSV encephalitis58

• Tuberculoma
• CNS lymphoma
• Glioblastoma
• Metastatic disease

Parenchymal nodular
enhancement

• Sarcoidosis
• Vasculitis
• Histiocytic disorders (ie
Langerhans, Rosai-Dorfman)

• Rheumatoid meningitis59

Leptomeningeal or
pachymeningeal enhancement

• IgG-4–related diseases
• Granulomatous disease
• Metastatic disease
• Vasculitis
• Lymphoproliferative diseases
• Rheumatoid meningitis59

Hypothalamic and pituitary
involvement

• Histiocytosis
• Sarcoidosis
• IgG-4–related diseases
• Toxoplasmosis

Basal ganglia lesions • Toxoplasmosis
• Cryptococcosis
• Behcet

Restricted diffusion (high DWI,
low ADC)

• CNS lymphoma
• Pyogenic abscesses
• Vasculitis

Abbreviations: ADC = apparent diffusion correlate; DWI = diffusion
weight imaging; HSV = herpes simplex virus; MS = multiple sclerosis;
MOGAD = myelin oligodendrocyte glycoprotein antibody–associated
disease; NMOSD = neuromyelitis optica spectrum disorder.
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