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ABSTRACT

Brain metastases are a common and devastating
consequence of cancer and carry a poor prognosis.
Nevertheless, physicians can serve their patients well by
suspecting, detecting, and treating them appropriately.

KEY POINTS

A patient with a history of cancer who presents with
symptoms suggestive of an intracranial mass should
undergo a contrast-enhanced computed tomographic scan
or, preferably, a high -dose contrast-enhanced magnetic
resonance |mag|ng scan.

Cortlcoster0|ds should be given to aII symptomatlc patlents
once the diagnosis is confirmed, and can be tapered after
definitive therapy is completed.

For most patients, whole-brain irradiation over 2 to 3 Weeks
relieves symptoms well. In some patlents the addition of

survival and functional independence.
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n N A PATIENT WITH CANCER, the new
onset of headache or neurologic symp-
toms may represent a brain metastasis.
Although the prognosis is poor, prompt diag-
nosis and treatment can prolong the patient’s
life and improve the quality of his or her
remaining days.

In this article we briefly review the key
diagnostic features of brain metastases, discuss
the current role of contrast-enhanced comput-
ed tomography (CT) and magnetic resonance
imaging (MRI) in the diagnosis, and compare
the effectiveness and prognostic implications
of current therapies.

B BRAIN METASTASES ARE COMMON

Experts estimate that 20% to 40% of patients
with cancer develop brain metastasis during
the course of their illness,!2 resulting in more
than 170,000 cases annually.2 These figures
have been increasing over the past 40 years as
treatment of malignant diseases has improved
and survival times have increased: previously,
many patients would die before foci of micro-
scopic brain metastases could proliferate into
clinically detectable tumors.

M ORIGIN OF BRAIN METASTASES

Malignancies arising from any organ may
metastasize to the brain. Some tumor types,
however, are more likely to metastasize to
the brain.3-8 In adults, melanoma has the
highest frequency of brain metastases, fol-
lowed by cancers of the lung, breast, and
kidneys. However, lung cancer and breast
cancer are more common than melanoma,
and therefore cause more cases of brain
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metastasis (FGure 1). Similarly, although
cancers of the prostate and the gastrointesti-
nal tract do not commonly metastasize to
the brain, they are so common that they
cause a considerable number of brain metas-
tases per year.

In children, osteogenic sarcoma, rhab-
domyosarcoma, and testicular germ cell
tumors are the most common sources of brain
metastases.’

# CANCER CELLS SPREAD
HEMATOGENOUSLY

In most cases of brain metastasis, cancer cells
make their way to the brain via the blood
vessels, as they do to visceral organs. Usually,
these cells come from a primary or metastat-
ic tumor in the lung.l® However, brain
metastases can occur without lung involve-
ment, a fact that lends support to the theory
that certain tumor cells spread preferentially
to specific organs (eg, melanoma and small
cell lung cancer spreading preferentially to
the brain).!!

Tumors usually gain access to the brain via
the arterial blood supply; however, dissemina-
tion via the vertebral venous system (Batson’s
plexus) may also occur.

B SITES OF BRAIN METASTASES

The distribution of brain metastases correlates
strongly with cerebral blood flow (FiGure 2).6,12
The cerebral hemispheres receive the majori-
ty of blood flow and are the site of approxi-
mately 80% of brain metastases. The cerebel-
lum is the site of 15% of cases, and the brain-
stem is the site of 5%.12

Within these areas, metastases tend to
occur at sites where the blood vessels rapid-
ly diminish in caliber and in the distal
reaches of the arterial tree.1213 Blood ves-
sels in these regions branch rapidly into end
capillaries, and the resulting “filter” may act
as a trap for metastasizing cells. The gray
matter-white matter interface is one such
location, and there is a high frequency of
metastasis within this region. Another com-
mon location for metastases is within the
vascular border or “watershed” zones, which
account for only one third of the total brain
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FIGURE 1. Top. frequency of brain
metastases in various malignant diseases.
Bottom, distribution of primary tumors
among patients with brain metastases.

volume but two thirds of brain metas-
tases.13,14

¥ SYMPTOMS CAN VARY

Symptoms of brain metastasis generally arise
when a disruption of the blood-brain barrier
results in vasogenic edema. The surrounding
brain tissue becomes compressed, and the
increasing edema may increase the intracra-
nial pressure. The sensation of pain results
from disturbance of pain-sensitive structures
such as the dura, dural sinuses, cranial nerves,
and blood vessels.

The symptoms can vary greatly in sever-
ity and rapidity of onset. The brain accounts
for 70% of the intracranial volume; the
other 30% consists of cerebrospinal fluid
and blood vessels. A slowly growing mass
within the brain first displaces cerebrospinal
fluid as it compresses the ventricular system,
and the intracranial pressure may remain
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FIGURE 2. Distribution of brain metastases correlates with cerebral blood flow. Left, nearly 80%

of metastases occur in the central hemispheres.6.12.41 Right, within the substance of the brain, metastases
tend to develop in the most distal reaches of the arterial tree, where capillaries may trap metastasizing
cells—for example, at the gray matter-white matter interface or at the vascular border zone.13
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near normal. In this situation, symptoms
may be trivial and physical findings absent.
Indeed, autopsy studies reveal a surprising
number of clinically undetected brain
metastases.% 1415 On the other hand, metas-
tases often produce a significant amount of
surrounding edema, with a rapidly progres-
sive mass effect. In this instance, symptoms
can progress rapidly, often prompting an
emergency evaluation.

Headache is the most common symptom,
occurring in approximately 50% of patients
(TaBLE 1).3.68,1617 The headaches usually are
worse in the morning, and their duration and
severity slowly progress. However, one should
suspect brain metastasis in any cancer patient
with a new headache, regardless of its charac-
teristics.

Other symptoms include focal weakness,
mental status changes, gait disorder, seizures,
and visual disturbances.
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& DIAGNOSIS

A high level of suspicion and a careful history
and physical examination are essential. A his-
tory of cancer should raise the level of suspi-
cion, since 80% of patients with brain metas-
tasis have a history of cancer.23 However, the
brain metastasis itself is the first manifestation
of cancer in 10% to 15% of patients with brain
metastases, and a thorough evaluation disclos-

es no identifiable primary malignancy in 5%
to 10%.

Physical examination

On physical examination, pay special atten-
tion to the patient’s mental status and to the
peripheral neurologic examination. Cognitive
deficits can be found in 75% of patients with
brain metastases, and hemiparesis in 66%.
Unilateral sensory loss, ataxia, aphasia, and
papilledema are also common.»817 With an
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adequate history and physical examination
and a basic knowledge of neuroanatomy, one
can often make an educated guess as to the
location of the tumor or tumors.

MRI is more sensitive than CT

In the past, the history and physical examina-
tion were the most effective diagnostic tools,
but CT and MRI now provide safe, more sen-
sitive methods. Therefore, once brain metas-
tases are suspected, contrast-enhanced CT or
MRI is appropriate as an initial examination
(FIGURE 3).

In particular, MRI and CT reveal that
most patients with brain metastasis have mul-
tiple lesions.!914,18-20 Lung cancer and
melanoma are more often associated with
multiple metastases, whereas breast, renal,
and colorectal cancer are more often associat-
ed with single metastases.10

Of the two imaging tests, MRI may be
more sensitive, especially when performed
with  high doses of gadolinium con-
trast.18,19.21.22 For example, CT, often the first
imaging study obtained, reveals multiple
metastases in 50% of patients,!? but gadolini-
um-enhanced MRI indicates a prevalence of
about 70%.18,19.21,22

Differential diagnosis

The etiology of a newly diagnosed intracra-
nial mass must be elucidated before starting
therapy. The differential diagnosis includes:

L Primm‘y or metastatic ncoplasm

* [nfection

e Infarction

e Hemorrhage.

The clinical history and the appearance of
the mass on CT or MR often provide clues as
to whether the mass is a neoplasm or one of
the other abnormalities. However, no single
imaging characteristic can differentiate a pri-
mary brain tumor from a metastasis. Features
of the mass that increase the suspicion of
metastasis are a rounded appearance with
peripheral “ring” enhancement, location
within the junction between the gray matter
and white matter, and a large amount of vaso-
genic edema.?’ A history of malignancy or the
presence of multiple lesions also supports the
diagnosis of metastasis rather than a primary
brain tumor.
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Signs and symptoms
of brain metastases

SIGN OR SYMPTOM PREVALENCE
Headache 49%
Weakness 43%
Mental status changes 37%
Cerebellar dysfunction 23%
Papilledema 19%
Sensory disturbance 18%
Seizures 16%

ADAPTED FROM BORGELT ET AL (REFERENCE 41), HOSKIN ET AL
(REFERENCE 15), AND POSNER (REFERENCE 8).

In the absence of a known malignancy

If the patient has no known malignancy, the
discovery of a single lesion or multiple lesions
in the brain should prompt a search for other
sites of disease. Chest radiography, urinalysis,
a complete blood count, and routine blood
chemistries, including liver function tests,
should be obtained in all patients. Prostate-
specific antigen levels should be tested in all
men, and bilateral mammograms should be
obtained in all women.

Further study with colonoscopy or CT of
the chest, abdomen, and pelvis should not
delay the procurement of tissue for diagnosis,
and biopsy of a brain mass is indicated if no
other sites of disease are identified. Other
indications for surgical intervention are dis-
cussed later.

# PROGNOSIS

The prognosis is uniformly poor. Untreated,
patients with brain metastases have a progres-
sively deteriorating course until death about 1
month later, with most deaths resulting
directly from the brain metastases.24-26 In
general, management is strictly palliative, but
aggressive therapy in carefully selected
patients extends the median survival to near-
ly 1 year.27-33
Several factors affect the prognosis.
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FIGURE 3. MRI (left) and CT (right) of a typical patient with brain metastases.

Karnofsky performance status

Recently, the Radiation Therapy Oncology
Group?* divided 1,200 patients treated with
whole-brain radiotherapy into three prognostic
groups on the basis of their Karnofsky perfor-
mance status scores (O indicates no function,
100 indicates completely normal function):

e DPatients of any age with a Karnofsky
score below 70 (indicating the inability to per-
form normal activities of daily living) had the
worst prognosis (median survival 2.3 months)

e Patients with a Karnofsky score of 70
or higher who were age 65 or older with an
uncontrolled primary tumor or evidence of
other systemic metastases had a median sur-
vival of 4.2 months.

e DPatients younger than age 65 with a
Karnofsky score of 70 or higher, a controlled
primary tumor, and no evidence of other
metastases had the best prognosis (median
survival 7.1 months).

Number of brain lesions

A crucial drawback of the Radiation Therapy
Oncology Group study was that it did not elic-
it the number of brain metastases as a prog-
nostic factor. In general, patients with only
one brain metastasis are felt to have a better
prognosis than those with more than one, and
in particular, those with a “solitary” brain
metastasis (ie, one brain lesion without evi-
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dence of cancer elsewhere in the body) tend
to fare better than those with multiple lesions
or a “single” lesion (ie, one brain lesion with
uncontrolled cancer elsewhere in the body).

Other factors

Other factors that correlate with longer sur-
vival include surgical accessibility of the
lesion, and a long disease-free interval follow-
ing the original diagnosis.?7-33

MEDICAL MANAGEMENT

The diagnosis of brain metastasis is devastat-
ing for patients and their families. Despite
this, appropriate management can relieve
symptoms and prolong survival, and drug ther-
apy can play a key role.

Corticosteroids
Once the diagnosis has been confirmed, all
symptomatic patients should receive corticos-
teroids, which can be tapered after definitive
therapy is complered. This treatment produces
clinical improvement in 70% of patients and
doubles the expected survival time.24-26,35,36
Response to treatment is often noticeable
within several hours, with maximal effect
within 1 week.10

The mechanism by which steroids exert
their effect is not completely understood, but
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they seem to alleviate symptoms by reducing
vasogenic edema. Evidence for this theory
comes from the observation that symptoms of
global cognitive dysfunction respond readily
to steroids, whereas focal neurologic deficits
tend to be more resistant.

Cautions. Although corticosteroids are
safe and effective, care should be taken in
patients with an intracranial lesion or lesions
and no known history of malignancy. Both
lymphoma and infection are among the differ-
ential diagnoses of intracranial mass lesions,
and the signs and symptoms may be identical
to those of metastases. In the absence of a
known malignancy, the accurate diagnosis of
an intracranial mass depends solely on the
biopsy specimen. Unfortunately, lymphomas
often respond dramatically to corticosteroids,
and if corticosteroids are given before biopsy,
the biopsy result may be falsely negative, ulti-
mately delaying appropriate diagnosis and
therapy. Conversely, giving a corticosteroid in
the presence of infection may limit the host
immune response and accelerate the infec-
tious process, with disastrous results.

Anticonvulsants

Anticonvulsant therapy is indicated for
patients who present with seizures. A single
agent can usually control the seizures.

For patients presenting without seizures,
prophylactic anticonvulsant therapy has not
been shown to reduce the incidence of subse-
quent seizures. The routine use of anticonvul-
sant therapy for patients without seizures is
therefore not recommended.37

B WHOLE-BRAIN IRRADIATION

Radiotherapy plays a central role in the palli-
ation of brain metastases. Treatment of the
whole brain is the standard approach, and
symptoms improve in more than 80% of
patients within 3 weeks of treatment.16
Median survival is increased to 4 to 5 months
after whole-brain irradiation, and the subse-
quent death rate from neurologic disease is
equal to that from systemic disease.34.38

The dose and schedule of whole-brain
irradiation have long been controversial.38-41
The standard duration is 2 to 3 weeks,4! and
for most patients, this regimen results in
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excellent palliation of symptoms. However, a
longer course may result in fewer long-term
side effects and may be considered for patients
with a better prognosis.

Prophylactic cranial irradiation is contro-
versial and reserved for newly diagnosed can-
cer patients at high risk for developing brain
metastasis: eg, patients with small cell lung
cancer or advanced stage non-small cell lung
cancer. Although many studies have demon-
strated a significant reduction in central ner-
vous system dissemination, there has been no
consistent evidence of a survival benefit.42-44

i SURGICAL OPTIONS

Indications for surgical resection for brain
metastasis include the absence of a known
malignancy, a solitary brain metastasis, and
recurrent symptoms or life-threatening edema
despite conservative management. The com-
plications of craniotomy have been decreasing
thanks to improvements in anesthesia, the
routine use of corticosteroids, and the devel-
opment of stereotactic guidance; therefore, a
previous reluctance to perform craniotomy in
patients with known malignancy is decreasing
as more aggressive therapy is pursued.

Contraindications to surgery are based
mainly on the extent of systemic disease and
the location and number of brain metastases.
Resection of masses in critical areas, such as
the motor strip or language centers, can cause
incapacitating neurologic deficits, which are
unacceptable, especially in the palliative set-
ting. Even when technically feasible, surgical
resection is not an option for most patients
because of the presence of multiple metastases
or widespread systemic disease.10

Survival after surgical resection for a sin-
gle brain metastasis appears better than after
radiotherapy alone; however, metastases recur
in 70% to 85% of patients without the addi-
tion of cranial irradiation.30,45

Combined resection and radiation

As previously stated, patients with a single
brain metastasis, controlled or absent systemic
disease (solitary brain metastasis), and a good
performance status may be expected to sur-
vive longer. If these relatively healthy patients
undergo surgical extirpation of the mass fol-
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lowed by whole-brain irradiation, they survive
for a median of nearly 1 vyear.27,30,3245
Compared with less aggressive management,
this combined approach provides significant
improvements in median survival, disease-free
survival, the death rate from brain metastasis,
and functional independence.2745 Pending
further research, combined surgical resection
and brain irradiation should be considered for
any patient with a solitary brain metastasis
and good functional status.

Stereotactic radiosurgery
Designed to deliver a very high dose of radia-
tion to a small target, stereotactic radiosurgery
is very well suited for treating brain metastasis.
The features of a brain metastasis that make it
amenable to treatment with stereotactic
radiosurgery include the following:

e Small size, generally less than 4 cm

* Spherical shape

e Easy identification on

enhanced MRI

e Lack of invasion deep into brain tissue.

The chief advantages of stereotactic radio-
surgery are that it is minimally invasive and,
unlike whole-brain irradiation, it targets only
the lesion. Normal surrounding brain tissue is
spared from unnecessary irradiation. Because
stereotactic radiosurgery is considered a local-
ized treatment, whole-brain irradiation is often
given adjunctively to prevent recurrence of
metastases in other parts of the brain. Several
reviews of this treatment method have shown
survival and local control comparable to that
of combined surgical resection and whole-
brain irradiation.28,29,31,33

As an alternative to resection. Although
the precise role of stereotactic radiosurgery is
still under evaluation, it provides a good alter-
native for patients who are not surgical candi-
dates or who are opposed to craniotomy.
Frequently, tumors regress dramatically after
stereotactic radiosurgery, and its advocates
propose that it replace resection as the treat-
ment of choice for solitary brain metastases,
pointing out that stereotactic radiosurgery
offers a noninvasive outpatient procedure
requiring no general anesthetic. The
Radiation Therapy Oncology Group 95-08 is a
prospective randomized trial currently under-
way to evaluate the use of whole-brain irradi-

contrast-

VOLUME 67 « NUMBER 2

ation with and without stereotactic radio-
surgery for patients with one to three unre-
sected brain metastases. Plans are also under-
way for future trials that would directly com-
pare stereotactic radiosurgery and resection,
with all patients also undergoing whole-brain
irradiation.

# CHEMOTHERAPY

The use of intravenous chemotherapy in the
treatment of brain metastases is limited. Most
of the agents do not penetrate the blood-
brain barrier in sufficient quantities to act
effectively.

Intrathecal chemotherapy may be useful
for patients with diffuse studding of the
meninges (meningeal carcinomatosis), but
due to limited tissue penetration this method
is ineffective for parenchymal metastases.

B DIAGNOSIS AND TREATMENT TIPS

e In the patient presenting with signs and
symptoms suggestive of an intracranial mass,
contrast-enhanced CT or MRI is indicated.
After a positive imaging study, the suspicion of
brain metastasis should be heightened if there
are multiple lesions or if the patient has a his-
tory of malignancy.

e If the patient has a remote history or no
known history of malignancy, the workup
should include a thorough history and physi-
cal examination, chest radiography, urinalysis,
and blood chemistries, and either mammogra-
phy or prostate-specific antigen assay, depend-
ing on the sex of the patient.

e If no accessible lesions are identified after
these studies are completed, further workup
with CT scans should not delay craniotomy
or stereotactic brain biopsy in the establish-
ment of a diagnosis. Corticosteroids should
be started in all symptomatic patients after
the diagnosis is confirmed and can usually be
tapered after therapy is completed. For the
majority of patients, whole-brain irradiation
over 2 to 3 weeks is appropriate and results in
excellent palliation of symptoms. However,
in selected patients, the addition of either
craniotomy or stereotactic radiosurgery can
result in prolonged survival and functional
independence. £
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