Imaging Neurologic Manifestations
of Oncologic Disease

Raymond Huang and Patrick Y. Wen

Intracranial Metastasis

Brain metastases are the most common cause of malignant
brain tumors in adults. Lung and breast cancers are the most
common tumors that metastasize to brain, with melanoma,
renal, and colorectal cancers accounting for the majority of
the remaining metastases [1]. Among human cancers, mel-
anoma has the highest propensity to metastasize to the brain
[2]. The relative anatomical distribution of metastases in
brain is associated with regional blood perfusion, with 80%
of metastases found in supratentorial compartment, 15% in
the cerebellum, and 5% in brainstem [3]. Metastatic tumors
can involve either intra-axial or extra-axial compartments, or
both.

Radiological Features of Intra-Axial Metastases

When metastases occur in brain parenchyma (intra-axial),
the junction of gray and white matters is the most common
site of seeding. Intra-axial metastatic lesions can be
solid-appearing or demonstrate intratumoral necrosis or
cystic changes as rimenhancement on contrast enhancement
CT or MRL

Unless intratumoral hemorrhage is present, metastases are
usually isodense on unenhanced CT and often not readily
distinguished from adjacent brain tissues. The presence of
vasogenic edema characterized by hypodensities outlining
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the gray and white matter junction can be an important clue
suggesting an underlying metastasis. For larger lesions with
cystic or necrotic changes, the lesions appear hypodense
compared to normal brain tissues. In a few subtypes of
metastatic tumors including germ cell tumors, melanoma,
small cell lung cancers, and lymphoma, the tumors cells are
highly cellular resulting in increased attenuation on CT. Due
to streak and beam hardening artifacts from dense osseous
structures in the skullbase, small or isodense posterior fossa
lesions can be difficult to detect on CT. Most metastases
enhance intensely with iodinated contrast due to absence of
blood-brain barrier within tumor vasculature. Contrast-
enhanced CT remains a very commonly employed screen-
ing test for some tumor types since CT imaging of other
body areas can be performed on the same day of brain CT
and its cost is lower than that of MRIL

The cellular component of brain metastases on MRI is
usually hypointense to isointense relative to gray matter on
T1-weighted images and hypointense on T2-weighted ima-
ges. The necrotic or cystic tumor components generally
appear hypointense on T1-weighted images and hyperin-
tense on T2-weighted images. A subset of metastases can
exhibit hyperintensity on T1-weighted images due to pres-
ence of subacute blood product. The wall of the enhancing
rim is usually thick and irregular, and this can be an
important sign to differentiate from the usual thin rim of
enhancement seen with brain abscesses.

More than half of brain metastases are multifocal, but a
significant number will present as a solitary brain mass,
making differentiation from primary brain tumors difficult
[4]. The enhancing portions of tumor often have distinct
sharp margins from adjacent brain parenchyma, in contrast
to high-grade primary gliomas that typically exhibit an
infiltrative pattern at the tumor-brain interface. In the
following sections individual imaging features pertinent to
the diagnosis of metastasis will be discussed (Table 2.1).
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Table 2.1 Imaging differential
diagnosis for intra-axial mass(es)

Multifocal enhancing lesions

Solitary enhancing lesion

Solid Metastases High-grade glioma
Multifocal glioma Metastases
Lymphoma Lymphoma
Demyelination Medullublastoma
Granulomatous disease Ependymoma
Cystic Metastases High-grade glioma
Infection (bacterial, fungal, parasitic) Metastases
Hemangioblastoma
Pilocytic astrocytoma
Ependymoma
Calcification | Granulomatous disease Oligodendrogliomas
Metastases (squamous cell carcinoma, mucinous Gangliogliomas
adenocarcinomas, osteosarcoma, chondrosarcoma) Central neurocytomas
Hemorrhage | Metastases (melanoma, renal cell carcinoma, and High-grade glioma

thyroid carcinoma)

Fungal septic emboli

Tumor Permeability and Peritumoral Edema

Metastatic tumors to brain resemble the tissue characteristics
of the primary tumors and therefore do not possess the
blood-brain barrier seen in normal brain tissues. Thus,
lesional enhancement is almost always observed for metas-
tases on delayed post-contrast CT or TI1-weighted MR
images due to extra-vascular leakage of contrast agents.
Aggressive primary intra-axial tumors such as higher grade
astrocytomas, primitive neuroectodermal tumors, and pri-
mary CNS lymphomas also commonly enhance, although
the mechanism of enhancement often include disruption of
blood brain barrier and secretion of vasoactive substances.
Other non-neoplastic intracranial processes can also exhibit
contrast enhancement, including infarct, inflammation or
infection.

One consequence of increased vascular permeability is
accumulation of interstitial water content, resulting in
decreased attenuation on CT as well as hyperintense signal
on T2-weighted MRI from prolonged T2 relaxation times.
A vasogenic pattern is characterized by edema that does not
violate the boundary at the gray-white matter junction and
can be easily identified by noting the exaggerated difference
between gray and white matter attenuation or signal inten-
sities on both CT and MRI. In contrast, cytotoxic edema
resulted from direct damage to tissues as seen with ischemic
infarction, does not spare the gray matter and there is a
reduction in visual contrast at the gray-white matter junction.
The extent of edema surrounding intra-axial metastases is
often significantly greater than the actual tumor size. Rarely,
vasogenic edema can be absent particularly with very small
tumors (<1 cm).

When untreated brain metastases in the cortex near
cerebral sulci or cerebellar folia are observed without

Metastasis
Pleomorphic xanthoastrocytoma

associated edema, involvement of the extra-axial space, i.e.
leptomeninges, should be suspected. Extra-axial metastatic
tumors, similar to some meningiomas, can produce edema in
the adjacent brain due to mass effect causing venous con-
gestion or direct effect on capillary permeability.

Intratumoral Hemorrhage

Among intracranial metastases, hemorrhage more com-
monly occurs in melanoma, renal cell carcinoma, and thy-
roid carcinoma. Hemorrhagic metastases demonstrate
variable signal intensities depending on the age of hemor-
rhage, and intratumoral hemorrhages tend to evolve more
slowly and often contain blood product of mixed ages as
compared to hemorrhages from non-tumor causes. Due to
their intrinsic melanin content and frequently intratumoral
hemorrhages, hyperintensity on unenhanced T1-weighted
images can be observed in melanoma [5-7] (Figs. 2.1a—
and 2.2a—d).

Assessing whether parenchymal hemorrhage in brain is
spontaneous or secondary to aneoplastic process is an
important task in neuroimaging. Important clues to an
underlying tumor include presence of nodular enhancement
adjacent or within hematoma, incomplete hemosiderin ring,
peritumoral edema more extensive than expected for the age
of the hemorrhage, and delay in the expected evolution of
signal characteristics in the hematoma. When these imaging
signs are not present, short-term follow-up imaging may be
required to confirm the nature of hemorrhage.

Venous infarcts can mimic a brain mass with enhance-
ment, vasogenic edema, and hemorrhage. The site of sinus or
cortical vein thrombosis can lead to venous infarct in cor-
responding venous drainage territory. Thus, recognizing
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Fig. 2.1 a-c Melanoma
hemorrhage. Two melanoma
metastases in the left temporal
and occipital lobes demonstrate
hyperintensity on T1-weighted
image (a). Following contrast
administration, subtle
enhancement is seen along the
margins of hemorrhage. Magnetic
susceptibility within the masses
confirm presence of hemorrhage

(©)

common location of venous infarct corresponding to site of
thrombosis can be helpful in making the diagnosis.

Tumor Necrosis and Tumor Associated Cysts

Necrosis is a common imaging feature in brain metastases
but also commonly seen with glioblastomas as well as
lymphoma in immunocompromised population. Necrosis in
metastases can also commonly occur following chemo- or
radiation treatment, occasionally accompanied by enlarge-
ment of overall tumor size requiring close imaging follow-up
to determine durability of treatment response.

Cystic brain metastases are commonly found with tumors
of gastrointestinal or genitourinary origins but also occur in
lung cancers [8]. In contrast to necrosis, tumor associated
cysts tend to have thinner borders. Other primary neoplasms,
including hemangioblastoma, pilocytic astrocytoma, and
ganglioglioma can contain cysts although these tumors are
usually not associated with peritumoral edema. Unlike
post-chemotherapy or radiation necrosis often observed
during treatment response, enlargement of tumor associated
cysts often indicates elevated tumor secretion and can be a
sign of tumor growth.

The thin-wall cysts seen in some metastases can appear
identical to non-neoplastic cystic brain lesions. It is
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Fig. 2.2 a-d Melanoma.
33-year-old female presented with
history of melanoma presenting
with rapid onset hearing loss.

A nodular lesion in the left
cerebellopontine angle is
hyperintense on T1-weighted
image (a) and hypointense on
T2-weighted images (b). No
magnetic susceptibility is seen
associated with this lesion (c).
Following contrast
administration, an enhancing
component is difficult to detect in
the presence of underlying T1
hyperintensity (d)

important to consider infectious etiologies such as brain
abscesses, which can appear as multifocal rim-enhancing
lesions and exhibit surrounding vasogenic edema. Often
patients with brain abscess(es) have a distinct clinical his-
tory as well as presenting signs and symptoms from those
with brain metastases, although it can be challenging to
distinguish them clinically on occasions. Diffusion-
weighted imaging based on the detection of changes in
the random motion of protons in water is particularly
helpful in diagnosing brain abscesses since their mucopu-
rulent content tends to have very low diffusivity and
exhibits a dark signal on the apparent diffusion coefficient
(ADC) maps. In contrast, brain metastases have peripheral

low diffusivity due to higher cell density while the necrotic
content centrally tends to be of high diffusivity (bright on
ADC). However, presence of hemorrhage can affect diffu-
sion characteristics and one should be careful when there is
evidence of susceptibility changes within the area of dif-

fusion signal abnormality. Compared to abscesses,
metastases are much more likely to be associated with
hemorrhage. Furthermore, a small group of metastases,
usually from GI or GU origins, may present as
mucin-containing cystic lesions that manifest as similarly
low diffusivity. On the other hand, atypical infections such
as toxoplasmosis may not show low diffusivity within the
cyst content.
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Calcifications

Intratumoral calcifications rarely observed among untreated
brain metastases, although it has been reported in a variety
of tumor types, including common tumor metastasizing to
brain such as lung and breast cancers as well as more rare
tumor types including squamous cell carcinoma, mucinous
adenocarcinomas from genitourinary or gastrointestinal
origins, osteosarchoma, and chondrosarcoma [9, 10]. On
the other hand, calcifications frequently occur in many
primary intracranial tumors, most notably oligoden-
drogliomas, gangliogliomas, neurocytomas, and cranio-
pharyngiomas. Following treatment, calcifications can
develop within metastases. CT is both sensitive and specific
in detecting macroscopic calcification, and approximately
3% of brain metastases seen on CT exhibited calcification
in one series [11]. On MRI, calcifications can result in
variable signal intensities depending on the microenviron-
ment of calcium, but most commonly they appear as focal
T1 shortening and magnetic susceptibility. These MR
imaging findings, however, overlap with iron within blood
products although they can be distinguished by differences
in phase shifts [12].

Extra-Axial Intracranial Metastases

Within the extra-axial compartment metastases can involve
bony structures of calvarium and skull base, dura (pachy-
meninges), leptomeningeal spaces including cerebral sulci,
cerebellar folia, and cranial nerves, or within ventricles.
Similar to osseous metastatic tumor elsewhere, metastases to
calvarium and skull base can have lytic, sclerotic, or mixed
patterns on CT depending on primary tumor subtypes. For
example, prostate cancer metastases are generally sclerotic,
whereas renal and thyroid metastases tend to present as lytic
lesions. Following treatment, lytic metastases frequently
produce a sclerotic pattern.

Dural (pachymeningeal) metastases often grow from
adjacent calvarium or skull base but can be directly seeded
from hematogeneous sources. Breast cancer, lymphoma,
leukemia, prostate cancer, and neuroblastoma are tumors
most commonly presenting as dural metastases (Fig. 2.3a—c).
Meningiomas are the most common benign tumor arising
from dura, and it can be difficult to distinguish from dural
metastases unless meningiomas contain calcifications or
induce hyperostosis of adjacent bone. Intracranial hypoten-
sion is a common non-neoplastic cause of dural enhancement
but the pattern of enhancement is almost always diffuse and
smooth rather than focal or nodular, and is often supported by
clinical history of previous cranial or spinal intervention. In
severe cases, intracranial hypotension can be associated with
subdural hygroma or hematoma, and it is also not uncommon

for dural metastases to produce subdural fluid collection or
hemorrhage. Contrast-enhanced MRI is best for detecting
nodular enhancement along the dural lining of hematomato
diagnose dural-based tumor (Fig. 2.3a—c).

Leptomeningeal metastases occur in many types of can-
cer, particularly breast carcinoma, lung carcinoma, mela-
noma, lymphoma, and leukemia. Metastatic spread to the
meninges can occur hematogenously via meningeal vessels
or through direct extension from metastatic lesions at the pial
surface. Leptomeningeal metastases are usually not detect-
able on CT without contrast enhancement, although hydro-
cephalus can be an indirect sign of leptomeningeal
involvement. Contrast-enhanced MRI provides significant
better sensitivity in detecting leptomeningeal metastases as
planar or nodular enhancement along cerebral sulci, cere-
bellar folia, or cranial nerves [13] (Fig. 2.4a—c). Other
non-tumor processes including ischemic infarction and lep-
tomeningitis can also exhibit enhancement along brain sur-
faces but often can be distinguished based on clinical
history. A nodular pattern of leptomeningeal enhancement is
more commonly seen with neoplastic processes but can also
be observed in infectious etiologies. CSF analysis should be
obtained when leptomeningeal abnormality is identified on
imaging but there is uncertainty regarding the diagnosis. On
fluid-attenuated inversion recovery (FLAIR) sequence, lep-
tomeningeal tumor can appear as hyperintense signal along
sulci as a result of shortened T1 relaxation time but this
finding without enhancement is not specific since other CSF
pathologies such as hemorrhage or infection can appear
identical. Unlike parenchymal metastases, leptomeningeal
seeding of tumor commonly does not lead to significant
vasogenic edema, although edema and mass effect can be
observed when there is florid involvement. Table 2.2 sum-
marizes the main differential diagnoses of extra-axial
masses.

General Approach to Imaging of Patients
Presenting with Suspected Brain Metastases

When one or more enhancing mass is found on brain
imaging of a patient with known progressive or recurrent
metastatic cancer, diagnostic certainty for brain metastasis is
high. For patients with no or remote history of cancer pre-
senting with newly discovered brain mass(es), the diagnostic
possibilities can be broad, including primary brain neo-
plasms, infection, demyelinating lesions, vascular lesions
that can be difficult to distinguish from brain metastasis on
both imaging and clinical presentation.

While multiplicity can be helpful in making the diagno-
sis, solitary metastases are common and can be difficult to
distinguish from other intra-axial tumors such as primary
glioma or lymphoma, as well as non-neoplastic mass-like
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Fig. 2.3 a-c 70-year-old man
with metastatic prostate cancer
presents with headache.
T1-weighted unenhanced image
shows a T1 hyperintense
collection along right frontal
convexity (a) consistent with
subacute subdural hematoma.
Following intravenous contrast
administration, extensive dural
thickening with multifocal
enhancing masses are identified
(b and c), evening along the
lining of subdural hematoma (b)

processes such as demyelination, infection, or vascular
pathology. When multifocal enhancing brain metastases
occur, the extent of T2 signal abnormality surrounding
lesions tend to be separated on T2-weighted imaging,
whereas multifocal enhancement in high-grade gliomas
typically show contiguous areas of infiltrative appearing
nonenhancing T2 abnormalities between foci of enhance-
ment. In addition, the areas of T2 abnormality in high-grade
glioma often demonstrate infiltration of gray matter.

Demyelination disease can be “tumefactive,” mimicking
a brain mass clinically and on imaging. These lesions,
however, tend to occur in younger patients without history
of malignancy. On imaging, an “incomplete ring sign” is an
important feature suggesting the presence of a demyelinating
lesion. CSF analysis for gamma globulin can help clarify the
diagnosis, and follow-up imaging several months later often
confirms eventual improvement or resolution.

Vascular lesions including arterial or venous infarction as
well as vascular malformations can mimic a brain mass.
Ischemic infarcts, particular during subacute phase, can
present as enhancing lesions 2-3 days following onset of the
ischemic event that persist for several months; diffusion
signal changes typically associated with acute infarct usually
normalize after 7-10 days [14]. Enhancement associated
with ischemic infarct, however, does not exhibit surrounding
vasogenic edema. For small enhancing lesions along gray
matter that cannot be diagnosed as infarction based on
clinical history or lesion location, a short-term follow-up
imaging can readily clarify the etiology. It is important to
keep in mind that ischemic infarct can coexist with brain
metastasis due to a hypercoagulable state associated with
malignancy, as well as from embolic events from systemic
procedures. In addition, perioperative infarct is not infre-
quently observed and often located immediately adjacent to



2 Imaging Neurologic Manifestations of Oncologic Disease

Fig. 2.4 a—c Leptomeningeal.
55-year-old man with history of
lung cancer presents with acute
headache and gait disturbance.
Axial T1-weighted post-contrast
images demonstrate
leptomeningeal carcinomatosis
with enhancement along cerebral
sulci (a), cerebellar folia (b), and
cranial nerve in the internal
acoustic canals (c¢)

Table 2.2 Differential diagnosis  ypyrapsseous-calvarium Leptomeningeal Pachymeningeal

for extra-axial mass(es) - T
Hemangioma Metastases Meningioma
Fibro-osseous lesions Infectious meningitis Metastases
Metastasis Lymphoma Lymphoma
Langerhans cell histiocytosis Sarcoidosis Sarcoidosis
Sarcoma PNET Idiopathic pachymeningitis
Meningioma

the surgical margin. It is important to perform and examine
the diffusion- weighted sequence during the immediate
postoperative MRI to identify area(s) of peritumoral infarct
so the expected subsequent enhancement will not be mis-

interpreted as tumor recurrence.

When brain imaging reveals findings suggestive of
metastatic disease in a patient without history of systemic
cancer, imaging for potential primary cancer site or addi-
tional extracranial metastases is often necessary to identify
an anatomical site that carries a lower risk for diagnostic
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biopsy. The imaging modalities depend on the patient
demographics, but often include CT scan of the chest,
abdomen and pelvis. FDG-PET imaging can be highly
sensitive in detecting occult primary malignancy and can be
used as part of staging in many systematic cancers.

Optimization of Radiological Protocol
for Evaluation of Intracranial Metastasis

For staging systemic malignancy in an asymptomatic
patient, CT can be the test of choice due to its wider avail-
ability and the speed of imaging. While small brain metas-
tases can be difficult to detect by CT unless there is
significant surrounding edema, mass effect or intratumoral
hemorrhage, CT has the advantage of visualizing lesions that
are centered in bone or producing calcifications. CT imaging
of the bony margins can help elucidate the underlying
pathology. For example, slow-growing lesions are often
accompanied by bone remodeling and manifesting as
smooth cortical rather than destructive margins. Calcifica-
tions are often found in a subset of brain tumors, including
meningioma, oligodendroglioma, germ cell neoplasm, and
craniopharyngioma, and these are better visualized by CT
evaluation. CT may be the only available option for
screening if patients have contraindications for MRI such as
cardiac pacers, ferromagnetic foreign bodies, implants or
surgical devices. While whole-body '*fluoro-D-glucose
positron emission tomography (FDG-PET) is commonly
used for initial stating of systemic cancers, its sensitivity in
detecting brain metastases is generally considered low due to
relative high FDG uptake in normal brain tissues. For
example, the sensitivity of brain PET/CT for detecting brain
metastases in lung cancer was 72% in one series [15].

For most systemic malignancy, MRI is the imaging
modality of choice in assessing brain metastases due to its
excellent soft tissue contrast and lack of ionizing radiation.
Several MRI sequences are generally recommended during
evaluation of brain metastases. An isotropic volumetric
post-gadolinium T1-weighted sequence allows detection of
very small lesions, on the order of 1-2 mm. This high
sensitivity can be important since the total number as well as
the distribution of metastatic brain lesions contributes to
selection of treatment approach. The sensitivity of detecting
brain metastasis can be improved by increased time duration
following contrast and using contrast agents with longer T1
relaxation time [16-18]. Higher magnet strengths, i.e., 3
versus 1.5 T, can further increase sensitivity [19, 20]. In
addition, volumetric acquisition allows multi-planar refor-
mation for better lesion visualization and can be fused with
stereotactic equipment for surgical guidance. This type of

acquisition method requires longer acquisition time and is
therefore more susceptible to patient motion artifact when
performed using lower field strength MR scanners. Finally, it
is often helpful to perform a T1-weighted sequence before
contrast administration to distinguish true enhancement from
other tissue types with short T1 relaxation times such as
hemorrhage, fat or proteinaceous cyst.

Mass lesions with a cystic component as well as perile-
sional edema can be readily delineated by a T2-weighted
sequence. Infiltration of tissues with prolonged T2 relaxation
time in the cortical gray matter with expansion of gray
matter and blurring of the gray-white matter junction is a
specific sign of primary glioma and not observed with
metastatic tumors. On T2-weighted imaging, the interface of
tumor and adjacent brain often appears sharper compared to
high-grade gliomas.

Diffusion weighted imaging (DWI) is commonly inclu-
ded during evaluation of brain lesions due to its high sen-
sitivity in detecting a variety of brain pathologies including
infarct, abscess, cerebritis, and tumor that manifest as
hyperintensity on DWI and hypointensity on apparent dif-
fusion coefficient (ADC) maps that are calculated from DWIL.
Findings on DWI images are more helpful when they are
interpreted alongside conventional imaging sequences and
clinical history for improved specificity. For example, sub-
acute infarct can manifest as cortical swelling and
enhancement mimicking brain tumor, but a serpiginous
pattern of low diffusivity confined to an arterial distribution
is characteristic of ischemic infarct rather than neoplasm.
When a peripherally enhancing brain lesion is encountered,
evidence of low diffusivity within the lesion is suggestive of
abscess as discussed previously but the diagnostic specificity
can be increased if the enhancing rim is also thin and sys-
temic signs of infection are present.

On MR imaging, DWI has also been correlated with
hypercellularity typically manifesting as reduced diffusivity
on the ADC map [21]. This imaging marker of cell density
can be used to help several tumor types that are character-
istically hypercellular, including breast and lung metatases
[22]. CNS lymphomas are characteristically cellular [21, 23]
and are more commonly located in the periventricular
regions of brain. It is important to recognize that intratu-
moral hemorrhage can appear as hyperdensity on CT, and
ADC measurement can also be decreased due to presence of
blood product. DWI is also very useful in identifying cal-
varial and skullbase metastases due to its high lesion to
background contrast [24] (Fig. 2.5a, b).

T2*-sensitive techniques such as gradient-echo and
susceptibility-weighted imaging are useful for detecting
intratumoral hemorrhage, which is common in high-grade
gliomas and metastases, but rare in low-grade gliomas and
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Fig. 2.5 a-b DWI-Calvarium-
Orbit. 46-year-old female with
breast cancer developed
metastases to calvarium and right
orbit. The lesions are seen on both
T1-weighted imaging (a) than
DWI (b), although more
conspicuous on the latter due to
greater lesion to background
contrast

lymphoma. The deoxyhemoglobin causes magnetic suscep-
tibility that results in shortened T2* relaxation times and
hypointense signal changes on T2*-weighted (T2*W) ima-
ges. This phenomenon can improve sensitivity of detecting
small metastatic lesions with hemorrhages that do not
enhance or elicit peritumoral edema. For example, 7% of
melanoma lesions were detected only on this sequence in
one series [5]. Susceptibility-weighted imaging (SWI) can
amplify the effect of magnetic susceptibility by overlaying
magnetic phase changes with high-resolution magnitude
images to detect foci of microhemorrhages [25]. These
techniques are also helpful in identifying thromboses within
dural venous sinuses or cortical veins due to exaggerated
magnetic susceptibility from deoxyhemaglobin [26]. The
appearance of venous infarction on conventional MRI
sequences can mimic brain tumor due to mass effect, edema,
and enhancement. If misdiagnosed, this can lead to unnec-
essary biopsy or a delay in anticoagulation treatment.

Advanced Techniques in Brain Metastasis
Imaging

Several imaging techniques have become increasingly
available for evaluation of brain lesions including MR
spectroscopy, MR perfusion, and MR diffusion tensor
imaging. When combined with conventional imaging
sequences, these advanced methods can often provide useful
diagnostic information when evaluating brain lesions
including metastases. As these advanced imaging methods
are being improved and validated, it is important to under-
stand their advantages and limitations before incorporating
them into clinical imaging protocol.

Magnetic Resonance Spectroscopy (MRS)

MR spectroscopy can provide a noninvasive window to
analyze metabolic composition of brain lesions. Similar to
most pathological processes observed in brain, metastases
show reduced NAA peak on MR spectroscopy [27, 28], and
the level of NAA concentration is often absent or much
lower than other intrinsic brain pathologies where brain
tissues are being infiltrated or damaged as in case of primary
brain tumor or inflammation. Choline concentration also
typically increases in the enhancing portion of metastases as
a result of increased cellular turnover [27, 29]. This meta-
bolic marker can be useful in distinguishing peritumoral
edema surrounding metastases from infiltrative glioma since
reactive or vasogenic edema, unlike tumor infiltration, does
not result in greater cellular turnover [30]. Lipids and lactate
are also frequently seen in metastases although these are not
specific findings and can be found also in high-grade glio-
mas [30]. Based on a retrospective analysis of multicenter
trial data, automatic brain tumor classification by MRS
allows classifications of glioblastoma, meningioma, metas-
tasis, and low-grade glial with diagnostic accuracies of near
90% for most diagnostic pairs except for the glioblastoma
versus metastasis discrimination [31].

Perfusion-Weighted Imaging (PWI)

Similar to high-grade primary brain neoplasms, metastatic
lesions induce neovascularization resulting in greater
intravascular blood volume, although the vessels associated
with metastases are highly permeable similar to those of the
primary systemic tumors [32]. Estimation of intravascular
volume in tumors can be performed by dynamic imaging
methods such as dynamic contrast-enhanced MRI (DCE-
MRI), dynamic susceptibility contrast MRI (DSC-MRI), as
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well as dynamic contrast-enhanced CT. Due to its short
acquisition time of less than 2 min, DSC-MRI can readily be
incorporated into standard imaging protocol for evaluation
of brain mass. Elevation of regional cerebral blood volume
(rCBV) is characteristic of most high-grade gliomas,
although metastatic tumors, particularly renal cell carci-
noma, choriocarcinoma, and thyroid carcinoma, can also
demonstrate high intravascular blood volume making this
diagnostic imaging marker less useful [33]. The specificity
of DSC-MRI can be improved by using spin-echo (SE) ac-
quisition compared to gradient-echo (GRE) since the former
technique appears to correlate with microscopic angiogene-
sis that is typical with gliomas, while the later technique
detects macroscopic intratumoral vessels more commonly

Fig. 2.6 a-d Infarct. 48 h
postoperative MRI demonstrates
no significant enhancement near
resection bed on
contrast-enhanced T1-weighted
image (a) but a wedge-shaped
DWI abnormality anterior to the
resection cavity (b). b Two weeks
following surgery, the regions of
previous infarct exhibit
enhancement (¢) (blue arrow)
with normalization of DWI
abnormality (d), and the blood
product within resection cavity
appears hyperintense on
T1-weighted image (c) (red
arrow) and bright on DWI (d)

seen in cases of hypervascular metastases [34]. Furthermore,
higher rCBV within the peritumoral region is also suggestive
of infiltrative tumor rather than vasogenic edema [35, 36].

Diffusion Tensor Imaging (DTI)

The magnitude and directionality of water motion can be
quantified by DTI and used as imaging markers to charac-
terize microstructural changes occurring at tissue or cellular
levels [37]. This technique can be highly sensitive to
pathological changes in brain including both neoplastic and
non-neoplastic processes, although its specificity is low
without advanced post-processing. For example, fractional
anisotropy (FA) values of high-grade gliomas and solitary
brain metastases show significant overlap [38, 39]. Similar to
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Fig. 2.7 a-g Radiation necrosis. 51-year-old woman with history of
breast cancer and brain metastatic received SRS treatment to a superior
right frontal lesion. Axial enhanced T1W and FLAIR images at one
month (a and b) and 9 month (¢ and d) following treatment,
demonstrating interval increase in size of enhancement and surrounding

edema. FDG-PET shows no significant uptake in the region of
enhancement relative to adjacent brain (e). At 15 months after
treatment, the area of enhancement and surrounding edema decreased
in size (f and g)

Table 2.3 Differential diagnosis
for spinal mass(es)

Extra-dural

Intradural, extramedullary

Intramedullary

Multifocal enhancing lesions

Solitary enhancing lesion

Metastasis Metastasis
Lymphoma Meningioma
Myeloma Schwannoma
Granulomatous disease Neurofibroma
Lymphoma
Myeloma/plasmacytoma
Metastasis (systemic or CNS origins) Schwannomas
Schwannomas Neurofibromas
Neurofibromas Metastasis
Granulomatous disease
Demyelinating disease Ependymoma
Hemangioblastomas Astrocytoma
Metastasis Hemangioblastoma
Abscesses Demyelinating disease

Granulomatous disease

Metastasis

PWI and MRS, measuring peritumoral nonenhancing
abnormalities result in improved specificity [38, 40]. More
recently, using k-means clustering of FA/mean diffusivity
(MD) data, metastasis can be differentiated from high-grade
glioma and meningioma with high accuracy [41].

Morphological Analysis

While qualitative assessment of tumor morphology based on
MR imaging can contribute to diagnosis of brain tumors, the
subjective nature of such evaluation methodology introduces
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significant variability. More recently, quantitative approa-
ches to these imaging features have been developed.
Three-dimensional (3D) shape morphology of tumor has
been used to build morphometric models of glioblasdtomas
and brain metastases pathology [42, 43]. These promising
techniques require further validation using larger prospective
imaging data. Once validated, software optimization will
also be necessary prior routine clinical use.

Fig. 2.8 a-c Spine epidural. (a)
45-year-old male with lung
cancer presents with back pain.
Sagittal T1 weighted image
without contrast enhancement

(a) shows abnormal marrow
signal in the posterior aspect of
multiple vertebral bodies in the
thoracic spine. Sagittal
T1-weighted image without
contrast enhancement (b) and
axial TIW post-contrast image
(c) show involvement of left
epidural space and neural
foramen with narrowing of thecal
sac and flattening of spinal cord

(c)

Post-therapeutic Evaluation of Brain Metastasis

In order to assess presence of residual tumor, postoperative
MRIs are usually performed within 48 h following surgical
resection prior to onset of enhancement along surgical
margins [44, 45]. During this period, enhancement is highly
suggestive of residual tumor. In addition, perioperative brain
infarction can be detected during early postoperative

(b)
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imaging with diffusion weighted imaging. Documenting
presence of infarction can be important since enhancement
from evolved infarction can mimic tumor residual tumor
[14] (Fig. 2.6a—d).

Increased enhancement along surgical margins can also
occur during postoperative infection. Enlargement of surgi-
cal cavity and increased degree of surrounding edema are
suspicious signs for infection. While low diffusivity on
diffusion-weighted imaging is a specific imaging sign of an
abscess, a small number of brain metastases also exhibit low
diffusivity and this finding is also less specific in the post-
operative setting in the presence of evolving blood products
within resection cavity [46] (Fig. 2.6a—d).

Depending on number, location and types of brain
metastases, focal or whole brain radiation therapy is com-
monly performed alone or following surgical resection. Not
infrequently, brain injury following radiation can produce
clinical and imaging findings that resemble tumor progres-
sion or recurrence. It is important to recognize a number of
imaging patterns associated with radiation treatment to avoid
unnecessary surgery or cessation of effective chemotherapy.

Radiation-related brain injuries can be categorized by
their timing following therapy initiation into acute (within
weeks), subacute (within 3—4 months) and late (4 months to

Fig. 2.9 a-d Pathological
Fracture. 88-year-old female with
history of breast cancer presents
with back pain. Sagittal T1

(a) and T2 (b) weighted images
show compression fracture of L1
vertebral body with abnormal
marrow signal involving the
entire vertebral body and there is
a convex appearance of the
posterior cortex. The posterior
element also shows abnormal
marrow signal (c). Trabecular and
cortical destructions are readily
identified on axial CT imaging (d)

years) phases. Acute radiation injuries are transient and can
appear normal on imaging or show increased edema and
contrast enhancement. Subacute and delayed radiation inju-
ries are often accompanied by increased edema and
enhancement at and around original tumor site that can
mimic tumor progression (Fig. 2.7a—g). Seventy percent of
focal late radiation injuries occur within 2 years after ther-
apy. Demyelination of white matter in periventricular
regions is also a common late manifestation of injury fol-
lowing whole brain radiation treatment, characterized by
gradually increasing patchy-appearing areas of T2 prolon-
gation without associated mass effect or enhancement. White
matter volume loss as a result of radiation injury can be
apparent from expansion of ventricular size, although com-
municating hydrocephalus can be a superimposed clinical
imaging finding that may be difficult to distinguish without a
shunt trial. Capillary telangiectasias and cavernous malfor-
mations are vasculopathies that often develop several years
to decades after radiation therapy. These lesions can be
readily recognized by multifocal small hemosiderin deposi-
tions on T2*-weighted imaging and are not associated with
edema or mass effect [47].

While it is usually difficult to distinguish radiation
necrosis from tumor recurrence, several imaging features
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have been observed to help distinguish the two. Following
radiosurgery, longer time between radiosurgery and resec-
tion and a larger edema/lesion volume ratio are predictive of
radionecrosis as opposed to tumor recurrence [48].
Delayed MRI at greater than one hour following contrast
injection can differentiate tumor from non-tumor tissues with
high sensitivity and positive predictive value to active tumor
[49]. Texture features analysis of conventional MRI
sequence also provides improved classification accuracy in
differentiating brain metastasis and radiation necrosis [50].
Advanced MR imaging techniques including DWI, MRS,
and PWI have been used to differentiate radiation necrosis
following lesions treated by stereotactic radiosurgery [51].
Radiation necrosis usually shows heterogeneity on DWI
images and has significantly higher maximal ADC values
compared to recurrent tumors [52]. While the blood volume
and blood flow measurements of brain metastases on PWI
are highly variable depending on primary tumor histology, a
change in PWI parameters between pre-treatment and post-
treatment imaging provides greater diagnostic value; a
decrease of rCBV values indicates radiation-induced necro-
sis while elevation of rCBV following treatment is indicative

Fig. 2.10 a—c Hemangioma.
69-year-old with history of colon
adenocarcinoma presented with
new lumbar spine mass
discovered on abdominal
imaging. Axial T1-weighted
images before (a) and after

(b) intravenous contrast
administration showed an
enhancing mass involving the left
aspect of vertebral body
extending to pedicle and left
paravertebral space. Percutaneous
needle biopsy did not reveal
malignant cells, and mass
decreased in size without
treatment on subsequent imaging,
demonstrating characteristic
hyperintensity of hemangioma on
unenhanced axial T1-weighted
image (c)

of tumor recurrence [53]. Based on serial change in the
tissue choline/creatine level and lipid—lactate complex, MR
spectroscopy can distinguish tumor recurrence from
radiation-induced changes [54, 55]. While these advanced
MR imaging techniques are undergoing validation for their
clinical utility, they also require expertise in imaging quality
control and postprocessing to ensure diagnostic consistency.

"8EDG PET can also distinguish between necrosis and
recurrent tumor with modest accuracy raging from 50 to
70% [56, 57]. Residual or recurrent tumor usually demon-
strates increased FDG uptake, whereas necrosis from radi-
ation or chemotherapy usually demonstrates isometabolic or
decreased FDG uptake, although there is significant overlap
in the uptake values. Novel amino acid PET radio-
tracers with high lesion to background ratio have been
evaluated for imaging of metastases. 6-[(18)F]-fluoro-L-3,4-
dihydroxyphenylalanine (F-DOPA) PET can differentiate
radionecrosis from tumor progression with greater overall
accuracy compared to perfusion-MRI [58].

Finally, CNS metastases can respond to systemic treat-
ment differently from tumors at extracranial sites secondary
to differences in drug penetration, tumor genetic
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Fig. 2.11 a-d Spine intradural.
54-year-old male with metastatic
melanoma presented with
progressive right lower extremity
weakness. Sagittal and axial T2-
(a and c) and T1-weighted
contrast (b and d) enhanced
images show heterogeneously
enhancing intradural,
extramedullary mass resulting in
leftward displacement and
flattening of the spinal cord (d).
There is cord edema on axial
T2-weighted image (c)

(c)

(d)

heterogeneity, and tumor microenvironment. On the other
hand, localized therapies for CNS lesions including whole
brain radiotherapy and stereotactic radiosurgery can produce
a local response despite progression of systemic disease.
Therefore, two-compartment response assessment criteria
has been proposed to account for both CNS and non-CNS
tumor burden [59].

Spinal Metastasis

Metastases to the spine can also be classified by their
anatomical locations with respect to the dura and involve-
ment of the spinal cord (Table 2.3). Most commonly,
metastatic spinal lesions are extra-dural, found predomi-
nantly in the vertebral bodies and posterior elements with
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Fig. 2.12 a-d Intramedullary
metastasis. 63-year-old female
with renal cell cancer presents
with intramedullary metastasis.
Sagittal and axial T2-weighted
images (a and ¢) show a solitary
lesion with central hypointensity
and surrounding edema. There is
enhancement on post-contrast
T1-weighted images (b and d)

(a)

frequent extension to the epidural compartment causing
compression of spinal cord or nerve roots. Epidural spinal
cord compression occurs in approximately 5% of patients
with cancer [60]. MRI, in particular unenhanced
T1-weighted imaging, is most sensitive in detecting marrow
involvement and diagnosing epidural disease due to
replacement of marrow and epidural fat (Fig. 2.8a—c). Flat-
tening of spinal cord contour with or without edema suggests
cord compression (Fig. 2.8a—c). While cord compression is
usually a clinical diagnosis, imaging is important for con-
firming locations of tumor to facilitate surgical or radio-
therapy planning. Since multiple spinal levels are often
simultaneously involved, it is important to obtain imaging of
the entire spine.

Occasionally it can be difficult to distinguish pathological
vertebral fractures from insufficiency fractures. On MRI,
preservation of normal marrow signal in the non-compressed
portion of vertebra and linear fluid signal or vacuum favor

(b)

non-tumor etiologies [61-63]. Retropulsed fracture frag-
ments at the posterior vertebra, usually located at the supe-
rior endplate, is highly specific for a benign fracture but has
low sensitivity [64]. On the other hand, abnormal marrow
signal in the pedicle or posterior element suggests metastatic
involvement [65] (Fig. 2.9a—d). A convex posterior border
of the vertebral body is also commonly found in metastatic
compression fractures [65] (Fig. 2.9a—d). Destruction of
cortical bone of the vertebral body or the pedicle provides
important clues to underlying malignancy and can be best
visualized on CT (Fig. 2.9a—d). DWI methods has been used
to differentiate benign from metastatic compression fractures
and can improve diagnostic accuracy when added to con-
ventional MR sequences [66—69].

Presence of paraspinal or epidural enhancing soft tissues
as well as additional spinal metastatic lesions are signs of
tumor involvement [70], although one must also consider
fluid or soft tissue findings related to hematoma, infection, or
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atypical hemangiomas. In particular, findings suggestive of
vertebral height loss due to infection have contiguous ver-
tebral, endplate and disk involvement.

Hemangiomas are common benign lesions in spine that
are typically diagnosed on the basis of intrinsic short T1
(hyperintense) signal. However, a subset of hemangiomas
exhibit atypical imaging appearances including lack of
hyperintensity on T1-weighted images and aggressive
changes including cortical disruption and epidural/
paravertebral extension (Fig. 2.10a—c). Detection of a char-
acteristic “polka dotted” trabellular pattern on both MRI and
CT can be helpful in diagnosing hemangiomas.

Intradural, extramedullary metastases are due to tumor
seeding within the leptomeninges and can appear as linear or
nodular enhancing lesions along the surfaces of cord or
cauda equina nerve roots. Large intradural metastases can
also compress the spinal cord (Fig. 2.11a—d). While
gadolinium contrast is highly valuable in diagnosing lep-
tomeningeal carcinomatosis, subtle nodular thickening of
cauda equina nerve roots can be detected by T2-weighted
imaging at high resolution (3 mm or less). If MR imaging is
contraindicated, CT myelography can also outline the con-
tours of spinal cord and nerve roots.

Intramedullary metastases are rare although they must be
considered in the setting of advanced systemic metastatic
disease [71, 72]. These lesions usually demonstrate
enhancement and adjacent cord edema (Fig. 2.12a—d),
although on imaging they are often not distinguishable from
other entities affecting spinal cord, including primary cord
neoplasms, inflammatory or infectious pathologies.

Conclusion

Imaging plays a critical role in the diagnosis and man-
agement of metastatic disease in the central nervous sys-
tem. Accurate diagnosis of CNS metastases is an important
step in staging. While the imaging appearance of metas-
tases can be highly variable depending on histological
subtype of primary tumor, there are a number of important
imaging features that can help with diagnosis and treat-
ment planning. The imaging approach to CNS metastasis
depends on both clinical symptoms and cancer types in
order to maximize the sensitivity of lesion detection.
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