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A mass-like lesion in the brain always makes us consider the
possibility of an underlying tumor. We then assess the imag-
ing pattern in order to establish an appropriate tumoral dif-
ferential diagnosis. While this approach often works, a mass
lesion can sometimes simulate a tumor. Identification of such
a tumor mimic is essential since it can significantly influence
further management. This review article will focus on imag-
ing features of brain tumors and tumor mimics. Considering
the exhaustive list of tumors (intra-axial, calvarial/dural
based, sellar based, pineal region based, and intraventricu-
lar), we will limit our discussion to intra-axial tumors.

Intra-axial Brain Tumors
Astrocytic Tumors

Pilocytic Astrocytoma

Pilocytic astrocytoma is a WHO grade I well-circumscribed,
slow-growing tumor seen more commonly in children and
young adults. Common locations in children include the
optic pathway, hypothalamus, cerebellum, and brain stem.
Common locations in adult include thalamus and basal
ganglia.

Characteristic imaging findings: A cystic-appearing
lesion with an intensely enhancing mural nodule with mini-
mal to no surrounding edema is often seen [1]. The intense
enhancement reflects the prominent vascularity known to be
associated with these lesions. Hemorrhage and calcification
are uncommon. It should be noted that visual pathway and
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hypothalamic lesions are more solid in appearance and can
show patchy enhancement. Involvement of subarachnoid
space can be seen in pilocytic astrocytoma and should not
make one think of a malignant transformation.

Best sequence(s) to evaluate pilocytic astrocytoma: Post-
contrast TIWI/MPRAGE.

Pilomyxoid Astrocytoma

Pilomyxoid astrocytoma is a WHO grade I tumor which can
be considered to be a histologic variant of pilocytic astrocy-
toma. As the name suggests, it has a markedly myxoid matrix
which is not seen in the classic pilocytic astrocytoma. The
tumor demonstrates a more aggressive behavior pattern than
a typical pilocytic astrocytoma and recurs more often. It is
more commonly seen in the pediatric population. Favored
location is in the hypothalamic region.

Characteristic imaging findings: Pilomyxoid astrocytoma
consistent with its myxoid matrix is seen as a hypointense lesion
on TIWI, which appears hyperintense on long TR sequences
and demonstrates moderate enhancement [2]. Hemorrhage, cal-
cification, necrosis, and edema are uncommon.

Best sequence(s) to evaluate pilomyxoid astrocytoma:
FLAIR/T2WI and post-contrast TIWI/MPRAGE.

Pleomorphic Xanthoastrocytoma
Pleomorphic xanthoastrocytoma is a WHO grade II tumor,
seen in children and young adults. Often seen in the supraten-
torial compartment, the temporal lobe is a favored location.
Characteristic imaging findings: A cystic-appearing lesion
with a mural enhancing nodule is seen. Oftentimes, the mural
enhancing nodule is cortical based extending superficially up
to the leptomeningeal surface (Fig. 1) [3, 4]. Hemorrhage,
calcification, and surrounding edema are uncommon.
Best sequence(s) to evaluate pleomorphic xanthoastrocy-
toma: Post-contrast TIWI/MPRAGE.

Diffuse Astrocytoma
Diffuse astrocytomas are WHO grade II tumors, often seen
in adults in the third to fifth decade of life. Characterized by
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Fig. 1 Contrast-enhanced (a) axial and (b) sagittal MPRAGE images demonstrating an intensely enhancing nodule with surrounding edema in
the left posterior temporal region. The nodule is seen to abut the leptomeningeal surface. Diagnosis: pleomorphic xanthoastrocytoma

slow growth, there is variable infiltration of adjacent brain
structures. Malignant degeneration or degeneration into ana-
plastic astrocytoma can sometimes occur.

Characteristic imaging findings: An ill-defined mass
hypointense on TIWI and hyperintense on T2WI, extending
to and expanding the cortex, is seen. Absent to minimal con-
trast enhancement is seen [5]. The lack of high cellularity
correlates with lack of diffusion restriction. There is no
increased perfusion seen helping distinguish it from an ana-
plastic astrocytoma (WHO grade III) or glioblastoma (WHO
grade IV). Hemorrhage, calcification, and tumoral necrosis
are not seen.

Note: Brain stem gliomas, often seen as diffuse pontine
lesions, are WHO grade II tumors. These tumors are most
often seen in the pediatric population.

Best sequence(s) to evaluate diffuse astrocytoma: FLAIR
for extent and perfusion to help distinguish from high-grade
tumors.

Anaplastic Astrocytoma
Anaplastic astrocytoma is a WHO grade III tumor, often
seen in adults in the third to fifth decade of life. It is defined
as a diffuse astrocytoma with focal or dispersed anaplasia.
Characteristic imaging findings: Conventional imaging
features are highly similar to those of diffuse astrocytoma.
The presence of increased perfusion (likely reflecting neoan-
giogenesis) helps distinguish anaplastic astrocytoma from
diffuse astrocytoma [6].

Best sequence(s) to evaluate anaplastic astrocytoma:
FLAIR for extent and perfusion to help establish increased
rCBV.

Gliomatosis Cerebri
Gliomatosis cerebri is a WHO grade III tumor, most com-
monly seen in adults in the third to fifth decade of life. It is
defined as a diffusely infiltrating astrocytic tumor, involving
three or more lobes. Extension across the corpus callosum
and into the infratentorial compartment is common.

Characteristic imaging findings: Ill-defined infiltrative
mass lesion involving the cortex and the white matter with
associated mass effect and contiguously involving more
than three lobes is seen [7, 8]. Extension across the sple-
nium of corpus callosum and into the infratentorial com-
partment is often seen. Typically, minimal to no enhancement
is noted. Hemorrhage, necrosis, and calcification are not
seen.

Best sequence(s) to evaluate gliomatosis cerebri: FLAIR.

Glioblastoma

Glioblastoma is a WHO grade IV tumor, the most malignant
neoplasm of the group of diffuse astrocytic tumors. It is the
most common primary intra-axial brain tumor and contrib-
utes to approximately 50-60 % of all astrocytic tumors. In
adults, most such tumors are seen in the supratentorial
compartment; in the pediatric population, though considered
an uncommon tumor, the brain stem is a favored site. Primary



Cerebral Neoplasms

glioblastomas typically develop in older individuals (sixth
decade of life), whereas secondary glioblastomas derived
from low-grade or anaplastic astrocytomas are seen in
younger patients (fourth decade of life).

Characteristic imaging findings: An irregularly margin-
ated, peripherally enhancing, centrally necrotic lesion with
variable surrounding edema is seen. Diffusion restriction can
be seen from the solid enhancing component of the lesion.
Facilitated diffusion is seen from the necrotic component of
the lesion. Foci of susceptibility suggestive of hemorrhage
and neoangiogenesis are often seen. Increased rCBV from
the solid enhancing component of the tumor is seen on
perfusion-weighted imaging (Fig. 2) [9].

Best sequence(s) to evaluate glioblastoma: Contrast-
enhanced TIWI/MPRAGE, diffusion-weighted imaging,
and perfusion imaging.

Oligodendroglial and Oligoastrocytic Tumors

Oligodendroglioma

Oligodendroglioma is a WHO grade II tumor derived from
oligodendroglia or from glial precursor cells. It is most com-
monly seen to involve adults in the third to fourth decade of
life. Most such tumors are seen in the cerebral hemispheres,
frontal lobes being the most common location.

Characteristic imaging findings: Infiltrative tumors with
poorly defined margins. Closer inspection often demon-
strates expansion of the involved cortex. Calcification
(appreciated on gradient-echo or susceptibility-weighted
imaging and still better on CT) is common. Variable degree
of enhancement is seen [10-13]. Minimal edema can be
seen. Small cysts and hemorrhage can be seen. Increased
rCBV is noted on perfusion imaging and unlike diffuse
astrocytomas does not suggest a high-grade (WHO grade
III or IV) tumor.

Best sequence(s) to evaluate oligodendroglioma: FLAIR/
T2WI, gradient-echo or susceptibility-weighted imaging,
and non-contrast CT.

Note: Interval hemorrhage, necrosis, or ring enhancement
on follow-up studies should be worrisome for anaplastic
transformation of oligodendroglioma.

Oligoastrocytoma

Oligoastrocytoma is a WHO grade II tumor resembling
tumor cells in both oligodendroglioma and diffuse astrocy-
toma. Most tumors are seen to occur in adults, in their third
to fourth decade of life [14].

Characteristic imaging findings: Imaging findings dem-
onstrating an overlap between both oligodendroglioma and
astrocytoma are seen.

Best sequence(s) to evaluate oligoastrocytoma: FLAIR/
T2WTI and contrast-enhanced TIWI/MPRAGE.

Neuronal and Mixed Neuronal-Glial Tumors

Desmoplastic Infantile Ganglioglioma

Desmoplastic infantile ganglioglioma is a WHO grade 1
tumor, often seen in the first 2 years of life. This tumor is
typically classified together with the desmoplastic infantile
astrocytoma, which differs histologically by its lack of
mature neuronal components.

Characteristic imaging findings: A complex tumor, rela-
tively large in size and demonstrating both cystic and solid
components, is seen. The solid enhancing component is
superficially placed in contrast to the typically deep-seated
uni- or multilocular large cyst [4, 15]. For the size of the
lesion, only minimal edema is seen. Calcification and hem-
orrhagic foci are uncommon.

Best sequence(s) to evaluate desmoplastic infantile gan-
glioglioma: T2WI and contrast-enhanced TIWI/MPRAGE.

Ganglioglioma

Ganglioglioma is an uncommon WHO grade I or II tumor.
Most tumors are seen in the first 3 decades of life with a peak
age of incidence between 10 and 20 years of age. Often seen
in the supratentorial compartment, the temporal lobe is a
favored site.

Characteristic imaging findings: A cortical-based cystic-
appearing lesion with calcification within the temporal lobe
is highly suggestive of ganglioglioma. Oftentimes, enhance-
ment is seen [4, 16, 17].

Best sequence(s) to evaluate ganglioglioma: Contrast-
enhanced TIWI/MPRAGE, gradient-echo or susceptibility-
weighted imaging to look for calcification, and non-contrast CT.

Dysembryoplastic Neuroepithelial Tumor
Dysembryoplastic neuroepithelial tumor is an uncommon
WHO grade I tumor, seen most commonly in the pediatric
population.

Characteristic imaging findings: Superficially (cortically)
located mass lesion demonstrating multiple pseudocysts
causing a soap bubble appearance on T2WI is seen. No dif-
fusion restriction, hemorrhage, or calcification is seen.
FLAIR typically demonstrates a hyperintense margin along
the margin of the cysts. No enhancement is seen [18, 19].

Best sequence(s) to evaluate dysembryoplastic neuroepi-
thelial tumor: T2WI/FLAIR and contrast-enhanced TIWI/
MPRAGE.

Embryonal Tumors

Medulloblastoma

Medulloblastoma is a WHO grade IV tumor, most often seen in
the pediatric population in the posterior fossa. A second smaller
peak occurs in the late second-early third decade of life.
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Fig. 2 (a) Axial T2WI and (b) contrast-enhanced axial TIWI demon-
strate a peripherally enhancing centrally necrotic lesion in the right
corona radiata. (¢) DSC perfusion imaging demonstrates increased per-
fusion from the peripheral rim of the lesion. Also, there is a suggestion
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of increased perfusion even in the adjacent non-enhancing white matter.
(d) Perfusion maps demonstrate markedly increased rtCBV (compared
to the green curve correlating to contralateral normal-appearing white
matter), with values corresponding to 7.81. Diagnosis: glioblastoma
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Characteristic imaging findings: Midline, posterior fossa
masses arising from the roof of the fourth ventricle, displac-
ing the fourth ventricle ventrally, and demonstrating homog-
enous diffusion restriction and enhancement are radiologic
features of a classic medulloblastoma. Metastatic foci seed-
ing the subarachnoid space within the intracranial compart-
ment and in the spine can be seen [20, 21].

Best sequence(s) to evaluate medulloblastoma: Diffusion-
weighted imaging and contrast-enhanced TI WI/MPRAGE.

Note: The reader is also encouraged to read about the des-
moplastic medulloblastoma seen in young adults which pres-
ents more laterally, sometimes close to the cerebellopontine
angle cistern, and exhibiting cysts. Part of this tumor can
demonstrate diffusion restriction. Enhancement is only mini-
mal. Imaging features of desmoplastic medulloblastoma are
therefore distinct from those of classic medulloblastoma.

Primitive Neuroectodermal Tumor and Atypical
Teratoid-Rhabdoid Tumors
These tumors are typically seen in infancy. In fact, atypical
teratoid-rhabdoid tumor is the # 1 diagnosis to consider in a
new born with an intracranial mass [22]. Also, in the first 2
years of life, a mass lesion in the brain demonstrating diffu-
sion restriction and enhancement should strongly suggest the
diagnosis of primitive neuroectodermal tumor [23].

Best sequence(s) to evaluate primitive neuroectodermal
tumor: Diffusion-weighted imaging, FLAIR, and contrast-
enhanced TIWI/MPRAGE.

Other Intra-axial Brain Tumors

Primary CNS Lymphoma

Primary CNS lymphoma is of the non-Hodgkin’s type. It is
more commonly seen in the fifth to sixth decades of life.
Predisposing factors include immunodeficient states such as
the AIDS population and other immunocompromised set-
tings such as in transplant patients. It can sometimes also be
seen in immunocompetent patients. The imaging appearance
for both these substrata of patients is different.

Characteristic imaging findings: Immunocompromised
patients: Periventricular region is a favored site. A peripher-
ally enhancing centrally necrotic lesion with surrounding
edema is seen. No diffusion restriction is seen from the cen-
trally necrotic component of the lesion. Contiguous subepen-
dymal spread is commonly seen. Multiple lesions can be
seen. Cortical-subcortical lesions can be seen. Hemorrhage
and calcification are uncommon.

Immunocompetent patients: Basal ganglia, thalami, and
periventricular white matter are favored locations. Solitary,
solid-appearing lesion, demonstrating diffusion restriction
and homogenous contrast enhancement, is seen (Fig. 3).
Necrosis is occasionally seen [24]. Increased rCBV on per-
fusion imaging is seen. However, the rCBV values are typi-
cally <4.0, unlike in glioblastoma where they can be higher.

Best sequence(s) to evaluate primary CNS lymphoma:
DWI, FLAIR, and contrast-enhanced TIWI/MPRAGE.

Ependymoma

Ependymoma typically is seen in the pediatric population as
a posterior fossa (4th ventricular) tumor. However, when it
occurs in the adult population, it is seen more often as an
intraparenchymal tumor. Heterogenously enhancing lesion is
seen. Calcification is common. It is a difficult diagnosis to
make considering the nonspecific imaging features and the
rarity of its occurrence.

Metastases
Approximately 60 % of new intracranial tumors reported
every year are metastatic tumors. Common primary sites
include the lung and breast. Other common metastatic tumors
to the brain include melanoma and gastrointestinal tumors.
Imaging findings are nonspecific and include nodular depos-
its, large solid enhancing tumors, and peripherally enhancing
centrally necrotic lesions. Hemorrhage can be seen.
Surrounding edema is often seen. Calcification is uncom-
mon. Some imaging pearls: New enhancing infratentorial
tumor in an elderly patient is most likely a metastatic tumor.
Also, multiple enhancing lesions at the gray-white matter
interface in an appropriate clinical setting are most likely
metastatic foci.

Best sequence(s) to evaluate metastases: Contrast-
enhanced TIWI/MPRAGE. Perfusion imaging can help dis-
tinguish metastatic tumors from primary brain tumors [9].

Tumor Mimics

This category includes multiple etiologies including inflam-
matory, infectious, and vascular conditions. Also included
are normal variants such as Virchow-Robin spaces.
Treatment-related changes such as pseudoprogression and
pseudoresponse have also been included to complete the dis-
cussion. Again, similar to brain tumors, tumor mimics
includes an extensive list of underlying etiologies. We will
limit our discussion to commonly occurring tumor mimics.

Inflammatory Conditions

While there are multiple etiologies in this subset, we will
limit our discussion to demyelinating disease and amyloid
angiopathy-related inflammation.

Tumefactive Demyelinating Lesion (TDL)

TDL is one of the most common tumor mimics. In its most
classic form, TDL is defined as a single, large (>2.0 cm)
lesion in the brain, most often in the periventricular location.
There are no other imaging lesions to suggest an underlying
demyelinating condition.
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Fig. 3 (a) Axial DWI and corresponding (b) ADC map confirm diffu-
sion restriction in the left periatrial region and extending into the sple-
nium of corpus callosum. (¢) Axial FLAIR demonstrates significant
surrounding vasogenic edema and mass effect. (d) Contrast-enhanced

Characteristic imaging findings:

Large hypodense
lesion on CT which appears hypointense on TIWI and
hyperintense on T2ZWI/FLAIR is seen. Minimal surround-
ing edema and minimal mass effect, disproportionate to
the size of the lesion, is seen. No hemorrhage or
calcification is seen. An incomplete ring of enhancement is

axial TIWI demonstrates homogenous enhancement of the solid-
appearing lesion. There is a suggestion of subependymal enhancement.
Diagnosis: primary CNS lymphoma

a hallmark feature of this lesion (Fig 4). This incomplete
ring oftentimes corresponds to a band of diffusion restric-
tion. Typically no increased perfusion is seen [25, 26]. In
addition on either the perfusion source dataset or a SWI
image, venular structures may be seen coursing through
the mass lesion.
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Fig.4 (a) Axial FLAIR demonstrates an area of abnormal signal in the
right corona radiata. No surrounding edema is seen. Minimal mass
effect is noted. (b) Contrast-enhanced axial TIWI demonstrates a

Best sequence(s) to evaluate TDL: T2WI/FLAIR and
contrast-enhanced TIWI/MPRAGE.

Amyloid Angiopathy-Related Inflammation

Cerebral amyloid angiopathy is seen in the elderly popula-
tion. It results from extracellular deposition of amyloid, an
amorphous eosinophilic fibrillary protein, in the walls of
small- and medium-sized arteries. Occasionally, such depo-
sition causes an inflammatory response in the brain. Patients

peripheral incomplete ring of enhancement. (¢) Susceptibility-weighted
image demonstrates wispy linear susceptibility foci coursing through
the lesion. Diagnosis: tumefactive demyelinating lesion

present with headache, cognitive decline, encephalopathy,
seizures, and occasionally focal deficits.

Characteristic imaging findings: Peripherally located foci
of susceptibility in an elderly person should raise the possi-
bility of amyloid angiopathy. Focal area of the brain
demonstrating FLAIR hyperintense signal in an appropriate
clinical setting should suggest amyloid angiopathy-related
inflammation. Associated mass effect and subtle enhance-
ment in the overlying leptomeningeal space can be seen [27].



Best sequence(s) to evaluate amyloid angiopathy-related
inflammation: Susceptibility-weighted imaging or gradient-
echo image, FLAIR/T2WI, and contrast-enhanced TIWI/
MPRAGE.

Infectious Etiologies

This primarily includes bacterial, including mycobacterial,
and fungal etiologies. Occasionally, parasitic infections can
mimic brain tumors.

Abscess

Characteristic imaging findings: A centrally necrotic periph-
erally enhancing lesion is seen. The central necrotic compo-
nent demonstrates diffusion restriction due to the inherent
viscosity of pus. This diffusion restriction seen from the cen-
tral necrotic component helps distinguish infection from
tumor. There are certain exceptions to the rule which are
mentioned below.

Note: Diffusion restriction from mucinous adenocarci-
noma metastases can mimic an infection. On the other hand,
lack of diffusion restriction from tuberculous abscess can
mimic a tumor.

Best sequence(s) to evaluate an abscess: Diffusion-
weighted imaging and contrast-enhanced TIWI/MPRAGE.

Encephalitis

Rhombencephalitis or brain stem encephalitis is often asso-
ciated with infectious or autoimmune disease conditions.
Occasionally, it is also associated with paraneoplastic syn-
dromes. In the infectious category, listeria is the most com-
mon offending agent.

Characteristic imaging findings: Diffuse abnormal sig-
nal involving the brain stem and cerebellum is best appreci-
ated on FLAIR sequences. The abnormal signal when
involving the brain stem can mimic the appearance caused
by diffuse intrinsic pontine glioma. However, the involve-
ment of the cerebellum (in the presence or absence of
involvement of the cerebral periventricular white matter)
when seen should suggest the diagnosis of rhombencepha-
litis. Associated scattered foci of susceptibility reflecting
hemorrhage should suggest the diagnosis of listeria
encephalitis.

Best sequence(s) to evaluate listeria rhombencephalitis:
FLAIR/T2WI, susceptibility-weighted imaging, or gradient-
echo imaging.

Vascular Causes
In this basket of vascular causes, we will discuss ischemic

and vasculitic processes.
Ischemic processes especially subacute infarction.
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Subacute Infarction
Subacute infarction is the classic tumor mimic. The enhance-
ment associated sometimes with subacute infarction is pri-
marily responsible for considering it as a mass-like lesion.

Characteristic imaging findings: The sharply demarcated
boundaries of the enhancement area, typically seen to involve
a region of arterial branch distribution, should suggest the
diagnosis of subacute infarction. The presence of luxury per-
fusion should also help establish this diagnosis. Also, most
such lesions will have a characteristic acute onset of neuro-
logic deficit versus a tumor which has a progressive worsen-
ing of focal neurologic deficit.

Best sequence(s) to evaluate subacute infarction: Contrast-
enhanced TIWI/MPRAGE and perfusion imaging.

Vasculitic Processes

This will include etiologies such a primary angiitis of central
nervous system and Behcet’s disease among other
vasculitides.

Behcet’s Disease

Characteristic imaging findings: Most often the dorsal aspect
of the brain stem is involved. Ill-defined hyperintense signal
on long TR sequences will be seen. Patchy enhancement is
occasionally seen. No diffusion restriction, hemorrhage, or
calcification is seen. Imaging features are nonspecific.
However, it is the association with characteristic clinical fea-
tures including aphthous ulcers that helps diagnose this dis-
ease condition [28].

Best sequence(s) to evaluate Behcet’s disease: FLAIR/
T2WI.

Treatment-Related Changes

Pseudoprogression
The Stupp-combined protocol is the standard treatment of
care for glioblastoma [29]. Both radiation therapy and temo-
zolomide are toxic to tumor cells. However, at the same time,
they incite an inflammatory response in the brain. As a result,
the surgical bed on follow-up imaging can demonstrate inter-
val progression in enhancement (due to increased breakdown
of blood-brain barrier) and increased FLAIR signal abnor-
mality (inflammatory response). These imaging findings
look similar to those seen in tumor recurrence. However, this
appearance in fact represents a favorable response to treat-
ment. Hence, though the imaging appearance looks bad, it
ideally is not and therefore the term pseudoprogression.
Best sequence(s) to evaluate pseudoprogression:
Conventional imaging has no role to play in distinguishing
pseudoprogression from tumor recurrence. Advanced imag-
ing can help. Interval decreased rCBV on perfusion imaging
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suggests pseudoprogression. In contrast, interval increased
rCBV favors tumor progression [30].

Pseudoresponse

Bevacizumab is the standard treatment of care for recurrent
glioblastoma. Bevacizumab is an antiangiogenic agent. It
stabilizes the blood-brain barrier. Therefore, upon adminis-
tration of bevacizumab, follow-up imaging often demon-
strates reduced enhancement and interval decrease in FLAIR
signal abnormality. On conventional imaging, therefore, the
imaging findings suggest a good response. However, bevaci-
zumab has no toxic effect on tumor cells. Hence, though
imaging suggests a good response, the lack of antitumoral
effect in fact allows the tumor to grow along white matter
tracts (not visible on conventional imaging) and therefore the
term pseudoresponse.

Best sequence(s) to evaluate pseudoresponse: New
FLAIR signal abnormality remote from surgical bed should
suggest tumor recurrence in a patient with pseudoresponse.
Increasing enhancement, increasing FLAIR signal abnor-
mality, and increasing rCBV from the surgical treatment bed
also suggest tumor recurrence [30].
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