intracranial metastases will hemorrhage; although melanoma, thyroid, and kidney cancer have the greatest propensity to hemorrhage,
the most common cause of a hemorrhagic metastasis is lung cancer
because it accounts for the majority of brain metastases. The radiographic appearance of brain metastasis is nonspecific, and similarappearing lesions can occur with infection including brain abscesses
and also with demyelinating lesions, sarcoidosis, radiation necrosis in
a previously treated patient, or a primary brain tumor that may be a
second malignancy in a patient with systemic cancer. However, biopsy
is rarely necessary for diagnosis in most patients because imaging alone
in the appropriate clinical situation usually suffices. This is straightforward for the majority of patients with brain metastases because they
have a known systemic cancer. However, in approximately 10% of
patients, a systemic cancer may present with a brain metastasis, and
if there is not an easily accessible systemic site to biopsy, then a brain
lesion must be removed for diagnostic purposes.
TREATMENT	
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RADIATION THERAPY
The standard treatment for brain metastases has been whole-brain
radiotherapy (WBRT) usually administered to a total dose of 3000
cGy in 10 fractions. This affords rapid palliation, and approximately
80% of patients improve with glucocorticoids and RT. However, it
is not curative. Median survival is only 4–6 months. More recently,
SRS delivered through a variety of techniques including the gamma
knife, linear accelerator, proton beam, and CyberKnife all can
deliver highly focused doses of RT, usually in a single fraction. SRS
can effectively sterilize the visible lesions and afford local disease
control in 80–90% of patients. In addition, there are some patients
who have clearly been cured of their brain metastases using SRS,
whereas this is distinctly rare with WBRT. However, SRS can be used
only for lesions 3 cm or less in diameter and should be confined to
patients with only one to three metastases. The addition of WBRT
to SRS improves disease control in the nervous system but does not
prolong survival.
SURGERY
Randomized controlled trials have demonstrated that surgical extirpation of a single brain metastasis followed by WBRT is superior to
WBRT alone. Removal of two lesions or a single symptomatic mass,
particularly if compressing the ventricular system, can also be useful.
This is particularly useful in patients who have highly radioresistant
lesions such as renal carcinoma. Surgical resection can afford rapid
symptomatic improvement and prolonged survival. WBRT administered after complete resection of a brain metastasis improves
disease control but does not prolong survival.
CHEMOTHERAPY
Chemotherapy is rarely useful for brain metastases. Metastases from
certain tumor types that are highly chemosensitive, such as germ
cell tumors or small-cell lung cancer, may respond to chemotherapeutic regimens chosen according to the underlying malignancy.
Increasingly, there are data demonstrating responsiveness of brain
metastases to chemotherapy including small molecule–targeted
therapy when the lesion possesses the target. This has been best
illustrated in patients with lung cancer harboring EGFR mutations
that sensitize them to EGFR inhibitors. Antiangiogenic agents such
as bevacizumab may also prove efficacious in the treatment of CNS
metastases.
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Leptomeningeal metastases are also identified as carcinomatous meningitis, meningeal carcinomatosis, or in the case of specific tumors,
leukemic or lymphomatous meningitis. Among the hematologic
malignancies, acute leukemia is the most common to metastasize to
the subarachnoid space, and in lymphomas the aggressive diffuse lymphomas can metastasize to the subarachnoid space frequently as well.
Among solid tumors, breast and lung carcinomas and melanoma most
frequently spread in this fashion. Tumor cells reach the subarachnoid
space via the arterial circulation or occasionally through retrograde
flow in venous systems that drain metastases along the bony spine
or cranium. In addition, leptomeningeal metastases may develop as a
direct consequence of prior brain metastases and can develop in almost
40% of patients who have a metastasis resected from the cerebellum.
CLINICAL FEATURES
Leptomeningeal metastases are characterized clinically by multilevel
symptoms and signs along the neuraxis. Combinations of lumbar and
cervical radiculopathies, cranial neuropathies, seizures, confusion, and
encephalopathy from hydrocephalus or raised intracranial pressure
can be present. Focal deficits such as hemiparesis or aphasia are rarely
due to leptomeningeal metastases unless there is direct brain infiltration, and they are more often associated with coexisting brain lesions.
New-onset limb pain in patients with breast cancer, lung cancer, or
melanoma should prompt consideration of leptomeningeal spread.
LABORATORY AND IMAGING DIAGNOSIS
Leptomeningeal metastases are particularly challenging to diagnose
because identification of tumor cells in the subarachnoid compartment
may be elusive. MRI can be definitive in patients when there are clear
tumor nodules adherent to the cauda equina or spinal cord, enhancing cranial nerves, or subarachnoid enhancement on brain imaging
(Fig. 118-8). Imaging is diagnostic in approximately 75% of patients
and is more often positive in patients with solid tumors. Demonstration
of tumor cells in the CSF is definitive and often considered the gold
standard. However, CSF cytologic examination is positive in only 50%
of patients on the first lumbar puncture and still misses 10% after three
CSF samples. CSF cytologic examination is most useful in hematologic
malignancies. Accompanying CSF abnormalities include an elevated
protein concentration and an elevated white count. Hypoglycorrhachia
is noted in less than 25% of patients but is useful when present.
Identification of tumor markers or molecular confirmation of clonal
proliferation with techniques such as flow cytometry within the CSF can
also be definitive when present. Tumor markers are usually specific to
solid tumors, and chromosomal or molecular markers are most useful
in patients with hematologic malignancies. New technologies, such as
rare cell capture, may enhance identification of tumor cells in the CSF.
TREATMENT	
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DEFINITIVE TREATMENT
The number and location of brain metastases often determine the
therapeutic options. The patient’s overall condition and the current
or potential control of the systemic disease are also major determinants. Brain metastases are single in approximately one-half of
patients and multiple in the other half.
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The treatment of leptomeningeal metastasis is palliative because
there is no curative therapy. RT to the symptomatically involved
areas, such as skull base for cranial neuropathy, can relieve pain and
sometimes improve function. Whole-neuraxis RT has extensive toxicity with myelosuppression and gastrointestinal irritation as well as
limited effectiveness. Systemic chemotherapy with agents that can
penetrate the blood-CSF barrier may be helpful. Alternatively, intrathecal chemotherapy can be effective, particularly in hematologic
malignancies. This is optimally delivered through an intraventricular
cannula (Ommaya reservoir) rather than by lumbar puncture. Few
drugs can be delivered safely into the subarachnoid space, and they
have a limited spectrum of antitumor activity, perhaps accounting for the relatively poor response to this approach. In addition,
impaired CSF flow dynamics can compromise intrathecal drug
delivery. Surgery has a limited role in the treatment of leptomeningeal metastasis, but placement of a ventriculoperitoneal shunt
can relieve raised intracranial pressure. However, it compromises
delivery of chemotherapy into the CSF.
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