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Preface

Although aggressive therapy of metastatic disease was previously thought to be
of limited benefit compared with the associated cost and toxicities, new uses of
older therapies and new treatments better targeted at metastatic disease have
resulted in improved survival and quality of life for many patients. This has
been made possible not only by the development of better agents and better
understanding of potential uses, but also by the development of better manage-
ment strategies for toxicities that make these agents much more palatable for
patients. In addition, local therapies such as intensive radiation techniques and
surgery are more often used even in palliative situations where they may have
little impact on survival, a phenomenon driven by the growing recognition of
the importance to patients of therapies that may address important quality of
life concerns.

For all these reasons, radiosurgery for brain metastasis presents many
advantages when used appropriately with selected patients with well-defined
goals, and has become an attractive and viable option for oncologists and
patients. In patients with limited disease in the brain and controlled disease
elsewhere in the body, survival can be improved by more effective treatment of
gross brain metastasis with radiosurgery. Under other circumstances, when
prolonging survival may be questionable because of the likelihood of systemic
progression, radiosurgery can be used to help prevent tumor-related injury of
brain function and to maintain quality of life even after failure of whole-brain
radiotherapy. Finally, radiosurgery can be used as an alternative to whole-brain
radiotherapy, perhaps improving quality of life outcome by avoiding the poten-
tial, negative side effects of whole-brain radiotherapy.

Better use of systemic therapy is also making an important difference. In
many early cases of breast or lung cancer, such treatment improves survival—
presumably because it actually eliminates (in some patients) existing but unde-
tected micrometastatic disease. In situations where cancer is more advanced

and beyond cure, the value of systemic therapy, which can result in tumor
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response or delayed progression, has demonstrably improved short- and medi-
um-term survival and improved quality of life.

As many systemic agents and biologic drugs may not penetrate the
blood brain barrier well, the need for aggressive management of brain metas-
tasis may increase. Brain lesions may continue to progress, even as the threat
from tumor elsewhere in the body is successfully contained by systemic thera-
py. When viewed realistically, systemic therapy may be ineffectual in patients
with advanced disease and poor performance status who may not be well
served by these more intense, toxic, and costly approaches. Other patients,
however, who in a prior era were told to go home to get their affairs in order,
are now well served by such approaches and may look forward to living longer
while meeting quality of life goals. This work focuses on a comprehensive
approach to application of these principles for patients where metastasis has
spread to the brain.

Lawrence R. Kleinberg
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Neurologic Manifestations of Brain Metastases

Recognition, Evolution, and Management

Jessica Kraker
Jaishri Blakeley

Neurologic disease is a common problem
in patients with systemic cancers. Metastatic disease to the central nervous sys-
tem (CNS), treatment related neurologic toxicities, or paraneoplastic syn-
dromes can all cause neurologic signs and symptoms. Twenty to forty percent
of all patients with systemic malignancies develop brain metastases at some
time in the disease course (1-3). In addition, the incidence and prevalence of
brain metastases are increasing, possibly due to improved long-term control of
systemic disease and increased recognition of the disease (3,4). Hence, brain
metastases are a major source of disability, morbidity, and mortality in cancer
patients.

Brain metastases may present with a wide variety of signs and symptoms,
ranging from an incidental finding on imaging to mental status changes,
seizures, or focal neurological deficits such as weakness or aphasia. Early iden-
tification and management of these tumors may improve function and possibly
survival. Hence, a high index of suspicion for brain metastases is required. This
chapter presents the most common neurologic signs and symptoms of brain
metastases, the diagnostic procedures currently available, and a discussion

about initial management when a brain metastasis is diagnosed.

Tumor Types and Patterns of CNS Metastases

The most common route of spread of cancer cells from the periphery to the
CNS is hematogenous, with cancer entering either from the internal carotid or

vertebrobasilar arteries or from the Baton venous plexus along the spinal cord.
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Metastatic cells preferentially localize at the junction of the brain gray and
white matter and in vascular “border zones” between two major vascular sup-
plies (Figure 1.1). This is likely due to the decreasing caliber of the blood ves-
sels in these areas limiting further progression of the cells. As the greatest vol-
ume of blood supply flows to the cortex, this is the most common site for brain
metastases (80 percent), followed by the cerebellum (15 percent), and brain-
stem (5 percent) (2,5). However, patients with both solid and hematologic
malignancies may also have diffuse infiltration of the leptomeninges. The most
common cancers to cause leptomeningeal disease, both in children and adults,
are the acute leukemias and lymphomas. Solid tumors also cause lep-
tomeningeal disease, however, this often occurs only after progression of an
intraparenchymal metastasis (6).

The most common solid tumors associated with brain metastases are
lung, breast, and gastrointestinal cancers (1). This is largely because these are
the most common cancers in the population overall. Other tumors, such as
melanoma, renal cell carcinoma, and choriocarcinoma, are less common but
have a high propensity to metastasize to the brain (1,5). Melanoma, renal cell
carcinoma, choriocarcinoma, and thyroid carcinomas are also the most com-
mon tumor types to present with intracranial hemorrhage, whereas metastases
from GI cancers are more likely to have mucoid components or fluid-filled
cysts.

FIGURE 1.1 MRI image of brain, T1w axial
image demonstrating a contrast enhancing lesion
at the gray-white junction in the cortex from a
patient with widely metastatic breast cancer and
new onset headache.
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Symptoms of Brain Metastases

The area of brain involved by the metastasis and associated edema will dic-
tate the symptoms the patient experiences. Signs and symptoms can be cate-
gorized into those that are localizable (associated neuroanatomically with spe-
cific findings) and those that are general. General symptoms (headache, som-
nolence, confusion, nausea) may be caused by elevated intracranial pressure
or may be independent of structural neurologic disease. General symptoms
are both the most common and the most difficult to approach clinically as
they can represent a spectrum of disease from no neurologic disease to
impending herniation. The most common general neurologic manifestations
of brain metastases are discussed below. Focal manifestations are discussed in
the next section.

Headache

Headache is one of the most common presenting complaints of the general
population. In fact, as many as 12 to 16 percent of otherwise healthy people
meet the criteria for migraine (7). Headaches are also a common side effect of
many chemotherapies. Common primary headaches (such as tension or
migraine headaches) can be exacerbated by the situations cancer patients reg-
ularly experience and are a common complaint among patients with cancer
that does not always require extensive work up.

However, headache is also a common presenting symptom for brain
metastasis. Roughly 32 to 54 percent of patients with a systemic malignancy
who present with new onset headache or a change in baseline headache are
found to have a brain metastasis (8,9). Similarly, 48 to 80 percent of patients
with a known diagnosis of primary or metastatic brain tumors complain of
headaches (8,10).

There are no specific features of headache that predict the presence of a
brain metastasis; in fact, the “classic” headache features thought to correspond
to brain tumors (severe headache, worse in the morning, associated with nau-
sea and vomiting) were found in only in 9 of 111 patients (8 percent) with
brain tumors (10). In contrast, 71 percent of patients with known brain tumors
have headaches that are most consistent with common tension headaches (dull
pain, nonpositional). Hence, a high index of suspicion is required for patients

with a history of cancer presenting with new or worsening headaches. The
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severity and rapidity of the headache, the associated symptoms, and physical
exam findings can help determine the urgency of the evaluation.

A detailed history may help determine whether the patient is suffering
from a primary headache syndrome (such as tension, migraine, or cluster
headache) or a secondary headache (related to a space-occupying lesion).
Headaches that are new, severe, and reach peak intensity rapidly are likely to
be secondary. A brief memory device to assess if a headache needs emergent
attention is “First, Worst, and Cursed” (Table 1.1). If it is the first headache a
patient has ever experienced and it is unremitting or escalating, imaging with
a computed tomography (CT) of the head or magnetic resonance imaging
(MRI) of the brain is needed urgently.

If the patient reports it is the “worst” headache he or she has ever expe-
rienced, an urgent evaluation is recommended both for diagnosis of secondary
causes such as tumor, bleed, or infection, as well as for pain management.
Headaches that are “cursed” are associated with new focal neurological
deficits and are almost always the result of a structural lesion or elevated
intracranial pressure (ICP). Patients with these headaches require emergent
clinical evaluation including neuroimaging with either a noncontrast head CT
or a contrast enhanced MRI brain. The differential diagnosis in these cases
includes new metastasis, intracranial hemorrhage, infection, or hydrocephalus.

Headaches associated with symptoms such as blurred vision or obscured
vision (due to pressure on the optic nerve), diplopia (often due to pressure on
the trochanter nerve), confusion, or vomiting, or a headache that is worse upon
waking, with coughing or the valsalva maneuver, may indicate increased ICP.
A fundoscopic examination should be performed to evaluate for papilledema
(optic disc swelling), which confirms elevated ICP. A lumbar puncture (LP) can
confirm elevated ICP by measuring the opening pressure and also assist in the
diagnostic work-up for etiologies such as infection, subarachnoid hemorrhage,
or leptomeningeal disease. It is important to recall that in all cases of suspect-
ed elevated ICP, neuroimaging is required prior to LP to ensure there is no sig-
nificant mass effect that could result in herniation when cerebrospinal fluid
(CSF) is drained. Only after a full work-up is negative, should a patient with
cancer and a new, severe headache with focal neurologic deficits be considered
to have a primary headache syndrome such as migraine.

If there is a prior history of headaches, it is important to delineate the pat-
tern of head pain a patient usually experiences (quality, frequency, severity) and

any new changes in that pattern. Chronic headache syndromes can be exacer-
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TABLE 1.1 Rapid Evaluation of Headaches—Triage Questions and Responses Suggestive of a

Secondary Headache

QUESTIONS

RESPONSES THAT RAISE CONCERN

When did the headache begin?
What is the quality and severity of your pain?

Was the pain at its worst from the start or
has it built steadily over time?

Do you get headaches regularly?
If so, is this headache different from the
headaches you have experienced in the past?

Are there any associated symptoms such as
fever, nausea, vomiting, visual changes,
confusion, trouble speaking, numbness,
tingling, or weakness?

Are there any provoking or alleviating factors?
Does the headache change with position,
coughing, Valsalva maneuvers?

New headaches within the last 4-10 weeks
Severe

Acute, maximal onset pain.
Suggests a mass lesion or bleed. Classic
terms are “thunderclap” or “worst headache
of my life.”

New or newly changed headache.

Focal neurologic deficits, change in mental
status or fever are emergencies. Nausea and
vomiting may be associated with primary
headache syndrome, but need further
evaluation with neuroimaging.

Headaches that are worse when supine (or
present upon waking, but improve with
sitting up), coughing or Valsalva are

suggestive of elevated intracranial pressure.

bated by factors such as medications, stress, and sleep disruption. Hence, it is
not uncommon for patients with known underlying chronic headaches to have
more frequent headaches during cancer therapy. More aggressive management
of an underlying headache syndrome may be warranted in such instances.
Neuroimaging is warranted whenever there is a new quality or severity of pain
or new associated neurologic symptoms.

The urgency of evaluation for patients complaining of headache also
depends on the situation in which the headache arises. A fever accompanying
new onset severe headache raises concern for meningitis requiring emergent
evaluation. Acute onset of headache after retching or intense exercise suggests
a dissection or possible intracranial hemorrhage. Headache that reaches max-
imal intensity rapidly with or without focal neurologic deficits is also sugges-
tive of a hemorrhage.

A common cause of intracranial bleed in all patients is hypertension. The
most common locations for hypertensive bleeds are the brainstem, thalamus,
and cerebellum (11). These patients require emergent evaluation for blood
pressure and acute neurologic disease management. Patients with underlying

malignancy are also at risk for dyscoagulation, which increases the risk of



6 | Brain Metastasis: A Multidisciplinary Approach

intracranial bleed or thrombosis. Finally, brain metastases may present as hem-
orrhagic lesions. This is particularly true with melanoma, renal cell carcinoma,
thyroid cancer, and choriocarcinoma, but can occur with any tumor. For this
reason, all patients with known systemic malignancy that present with an acute
brain hemorrhage should undergo follow-up brain MRI three months after
presentation to evaluate for an underlying mass regardless of what the initial
etiology for the hemorrhage is thought to be.

Seizure

Seizures are another common presentation of metastatic disease, with 14 to 51
percent of patients with both primary and metastatic brain tumors presenting
with seizures (12,13). A seizure is a paroxysmal, transient defect in neurologi-
cal functioning resulting from excessive aberrant electrical discharge from neu-
rons of the cerebral cortex. The actual clinical presentation of the electrical dis-
charges has a great deal of variability, including episodic confusion, brief star-
ring episodes, feelings of fear or déja vu, and the most dramatic: a generalized
tonic-clonic seizure characterized by loss of consciousness and diffuse shaking
and stiffening.

Seizure types can be grouped into two main categories: partial and gener-
alized. With partial seizures, focal areas of the brain are involved and the man-
ifestations are localized to one limb or area. Generalized seizures are events
that begin simultaneously in both hemispheres of the brain. Partial seizures are
more common than generalized seizures and can be further classified as simple
or complex seizures. A simple seizure involves shaking of one region of the
body. A seizure becomes “complex” whenever consciousness is altered in any
way. A common complex partial seizure is an aura of some form (odd smell,
taste, or sensation) followed by shaking of one side accompanied by unrespon-
siveness. Patterns of seizure presentation may help localize a seizure to a par-
ticular region of the brain, and common patterns are described in Table 1.6.

A partial seizure also has the potential to progress from focal to general-
ized if spontaneous discharges spread to involve the whole brain. This is called
a secondary generalized seizure. After such an event, there may be a period of
confusion and decreased alertness called a post-ictal state. Although in some
cases there can be a prolonged post-ictal state, altered mental status lasting
beyond half an hour after a seizure has subsided should prompt further evalu-
ation for subclinical seizures or another underlying process. Finally, patients
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may experience weakness of one side of the body that can mimic a stroke. This
is known as Todd’s paralysis, and the weakness can persist for several hours.
Again, deficits that persist beyond hours or a day should be further evaluated
with neuroimaging.

Patients with known systemic cancer who present with a new onset
seizure require neuroimaging with brain MRI. If a metastasis is identified,
chronic anticonvulsant therapy is required. There are numerous antiepileptic
drugs, each with indications for use in specific seizure types. Commonly used
antiepileptic medications include phenytoin, carbamazepine, leviteracetam,
lamotrigine, and gabapentin. All agents have similar efficacy and should be
chosen based on their potential side effects and drug interactions. Side effects
to be kept in mind when prescribing an antiepileptic drug for patients with
brain cancer include cognitive impairment, myelosupression, and possible
drug-drug interactions with chemotherapeutic agents. Newer generation agents
such as leviteracetam, lamotrigine, and gabapentin are generally preferable for
this patient population.

There is currently no evidence to support treating patients with brain
metastasis with prophylactic anticonvulsants if they have never had a seizure
(12). If a patient with systemic cancer presents with a seizure but no brain
metastasis or leptomeningeal disease can be identified, evaluation for other
precipitating causes (infection, medication effect, metabolic derangement) is
warranted. Chronic antiseizure management is likely not required if an etiolo-
gy can be identified and reversed. If an underlying etiology is not identified and
the value of chronic antiseizure medication in unclear, an electroencephalo-
gram (EEG) can help identify a focal area of irritation that would suggest a

need for chronic antiseizure medication.

Fatigue

Fatigue is one of the most pervasive complaints among patients with cancer
(14,15). It is often multifactorial and related to the underlying malignancy as
well as the required therapies, including surgery, radiation, and chemotherapy
(16). Generalized fatigue is rarely the result of a neurologic syndrome.
However, patients with profound fatigue resulting in excessive sleep or difficul-
ty in waking or maintaining arousal should be evaluated for a neurologic
process. Disease of bilateral frontal lobes, bilateral thalamic nuclei, the brain
stem or the leptomeninges, or elevated ICP from any cause, can all result in sig-



8 | Brain Metastasis: A Multidisciplinary Approach

nificantly decreased attention and drowsiness. Patients presenting with pro-
foundly decreased alertness should undergo neuroimaging early in the evalua-

tion. If leptomeningeal disease is suspected, an LP is required.

Altered Mental Status

Cognitive dysfunction is a common complaint among patients with cancer and
can present in many forms, from subtle memory dysfunction and difficulty
concentrating to overt disorientation, hallucinations, or lethargy. Acute
changes in mental status are a common cause for hospital admission for all
cancer patients, but they do not always reflect brain metastases (17). In fact, in
the majority of cancer patients with acute mental status changes, multiple
potential contributing etiologies were identified independent of brain metas-
tases. That said, in one series, 25 percent of patients with systemic malignancy
and new cognitive changes were found to have brain metastases (18). Hence,
although brain metastases should be considered when evaluating any acute
change in mental status in patients with known malignancy, a full evaluation
for all causes of acute change in mental status is required.

Delirium is characterized by acute to subacute onset of confusion with
fluctuating mental status. Common causes of delirium include infection, hem-
orrhage or stroke, hypoxia, metabolic changes (most commonly hypo- or
hyperglycemia or hyponatremia), new or changed medications, or toxins. It is
important to recognize delirium early because although delirium can be fatal,
if caught early and an etiology is identified, it can be fully reversed (19).
Patients with cancer are at risk for many of the causes of delirium, and basic
investigation for factors contributing to delirium should be pursued. However,
simultaneous evaluation for brain metastases is warranted. Symptom reversal
occurred in up to two-thirds of patients who presented with delirium, were
found to have brain metastases, and were treated with glucocorticoids (18).
Finally, intermittent disorientation or transient changes in consciousness that
appear to be similar to delirium may in fact be due to subclinical seizures. If
this is suspected in a patient with a history of cancer, both neuroimaging and
an EEG are required.

More subtle and chronic cognitive changes can be seen during or after
radiation therapy or chemotherapy. There is increasing recognition of diffuse
cognitive dysfunction associated with multiple chemotherapies coined “chemo

brain” in the popular press. This is characterized by a wide array of neurocog-
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nitive difficulties, such as impaired concentration, short-term memory loss, and
impaired executive function (20). The problem was first recognized in breast
cancer patients who were found to have a 25 to 40 percent frequency of cog-
nitive dysfunction based on formal neuropsychiatric testing and is increasingly
recognized among survivors of other solid tumors (20-22).

In summary, mild to moderate cognitive dysfunction is common in cancer
patients in the absence of cancer-related CNS disease. If the cognitive findings
are subtle and gradual, extensive neurologic work-up is likely not required.
Neuropsychiatric testing may be helpful to guide cognitive and behavioral ther-
apies but are not necessary urgently. However, acute changes in cognition or
alertness are always worrisome and work-up of causes of delirium, including

neuroimaging to detect brain metastases should be pursued.

Focal Neurologic Deficits: Localizing the Disease

The brain is divided into distinct areas that control different aspects of cogni-
tive and physical function (Figure 1.2). Familiarity with the anatomy of the
CNS can help identify deficits (allowing recognition of the possibility of a
metastasis) and localize lesions prior to imaging. After imaging, this can help
the clinician advise patients about potential functional limitations.

Deficits from brain metastases can be caused by multiple mechanisms.
The tumor may invade brain parenchyma and destroy nervous system tissue.
The tumor or tumor-related edema may exert pressure on the surrounding tis-
sue. Brain tumors may also cause vascular compromise resulting in hemorrhag-
ic or ischemic stroke, either by co-opting normal blood vessels or through
tumor angiogenesis creating unstable new vessels (23). As there are many
mechanisms by which brain metastases can cause neurologic deficits, the time
course for symptom presentation can be highly variable. Symptoms arising
from tumor compression or edema tend to occur subacutely, whereas vascular
events are acute.

The central nervous system contains the cerebral cortex, the diencephalon
(thalamus, hypothalamus), the limbic system, the brainstem (midbrain, pons,
medulla), the cerebellum, and the spinal cord. The cerebral cortex is divided
down the middle into a left and right hemisphere. Each hemisphere is divided
into four lobes: the frontal, parietal, occipital, and temporal lobes (Figure 1.2).
Each region has a unique set of primary functions and there is lateral domi-

nance for many functions.
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FIGURE 1.2  Sagittal view of the brain on T1w MRI with critical anatomic regions and their func-
tions highlighted.

Frontal Lobe

The frontal lobe has multiple important functions, including motor function,
language, attention, motivation, executive functioning, judgment, planning,
and problem solving (Table 1.2) (24). Motor weakness is one of the most com-
mon focal signs in patients with brain metastases (3). Focal weakness can orig-
inate from multiple sources, including muscle, peripheral nerve, or spinal cord.
Patterns of signs and symptoms help localize the source of weakness.
Peripheral nervous system lesions (root, nerve, or muscle) have distinct features
from those found in CNS lesions (Table 1.3). Lesions of the spinal cord pres-
ent with CNS patterns of weakness, however, they are often associated with
back pain, a sensory level or bowel or bladder dysfunction. In contrast, lesions
in the CNS that cause weakness will commonly involve an entire limb, be
accompanied by sensory loss in the same distribution as the weakness, may be
associated with other cortical functions such as speech difficulty, and are not
associated with pain.

The primary motor cortex is located on the precentral gyrus, just in front
of the central sulcus (Figure 1.2). Most of the cortical spinal tract originates
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TABLE 1.2 The Divisions of the Central Nervous System and Their Major Roles

DIVISION OF CENTRAL
NERVOUS SYSTEM MAJOR FUNCTIONS

Frontal Lobes Forethought and planning, executive functions, personality,
premotor cortex, motor cortex

Parietal Lobes Somatosensory cortex, perception, integrating input to
construct spatial coordinate system for world around us.
Visual pathways.

Temporal Lobes Memory, auditory receptive area, language. Visual pathways.
Occipital Lobes Visual reception and interpretation
Limbic System Includes amygdala, hypothalamus, hippocampus:

integration of memory, emotions, homeostasis
Cerebellum Coordination, balance, tone

Brain Stem Cranial nerves, pathway to spinal cord, cardiac and
respiratory function

Spinal Cord Relays motor information to periphery, and sensory
information to CNS

here. The cortical fibers cross at the level of the midbrain in the brainstem, so
that fibers from the left motor cortex supply muscles on the right side of the
body. The motor cortex is further arranged in a representation of the body
known as the homunculus (Figure 1.3). In this internal map of the body, the leg
is represented over the medial aspect of the brain, the arm and hand extend
around to the lateral side of the brain, with the face represented most inferior-
ly and laterally. This representation allows further localization of exam findings.
For example, left hand weakness is traceable to the right superior frontal lobe.

The prefrontal cortex is the large anterior portion of the frontal lobe and
holds the orbitofrontal, ventromedial, dorsolateral prefrontal, and the cingu-
late cortex (24). Together these regions of the frontal lobe are responsible for

higher order cognitive function such as decision making, motor planning,

TABLE 1.3 Distinguishing Central from Peripheral Weakness

SIGNS CENTRAL NERVOUS SYSTEM PERIPHERAL NERVOUS SYSTEM
Weakness Yes Yes
Atrophy Yes Yes
Fasciculations No Yes

Reflexes Increased Decreased
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" Frontal (pre-

~ central gyrus)
and Parietal
(post-central
gyrus) Lobes

FIGURE 1.3 Motor and sensory
homunculus demonstrating the rep-
resentation of peripheral function
along the motor and sensory cortex.
The motor cortex is along the pre-
central gyrus in the frontal lobe and
the sensory cortex is on the post-
central gyrus in the parietal lobe.
Differential representation is given
to hand, face, and mouth, reflecting
critical functions instead of func- r
tions critical to our species.

___—— Sylvian Fissue

Temporal Lobe

abstract thinking, risk assessment, integration of information and socializa-
tion, emotional regulation, and attention. Hence, damage to the prefrontal cor-
tex may cause a broad range of behavioral and cognitive deficits, including per-
sonality changes, erratic behavior, and depression. Bilateral involvement of the
frontal lobes can lead to severely decreased attention and alertness and, in
extreme cases, coma.

Finally, the frontal lobe holds critical areas for language production,
including Broca’s area (dominant inferior frontal lobe) that is responsible for
speech production. Tumors in the left inferior frontal lobe often present with
inability to produce speech with preserved comprehension. Other critical func-
tions mediated by the frontal lobe are voluntary eye movements for tracking

controlled by the frontal eye fields.

Parietal Lobe

The parietal lobes are located behind the frontal lobe posterior to the central
sulcus and extend to the occipital lobe (Figure 1.2) and have four main func-
tions: sensation, perception, vision, and spatial and visual integration. The
somatosensory cortex is organized along a homunculus like the motor cortex
(Figure 1.3). The ascending sensory pathways that terminate in the somatosen-
sory cortex are also crossed. Hence, a lesion in the left parietal lobe will be
associated with abnormal sensation on the right. The parietal lobes also con-
trol higher order sensory processing, such as the ability to discriminate between
two points of stimulation, the ability to determine what an object is by touch,
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or to detect a number or letter traced on the hand. Deficits in these skills are
termed astereognosia and agraphasthesia, respectively.

There are distinct functions in the two sides of the parietal lobe. Injuries
to the dominant parietal lobe (often the left parietal lobe in a right-handed per-
son) can result in right-left confusion, inability to recognize fingers, and an
inability to read, write, or do calculations. This collection of deficits is termed
“Gerstman’s Syndrome.” Injuries to the nondominant parietal lobe (often the
right parietal lobe) can result in neglect of the contralateral world to the extent
that patients may not recognize their own body parts or objects on their left
despite fully functional vision. Other syndromes of the nondominant parietal
lobe are lack of awareness of deficits or denial of illness (anosognosia).

Parietal lobe lesions can also cause apraxia—an inability to perform a
complex collection of movements necessary to complete a specific task (such as
brushing teeth or hammering a nail). This inability to complete a motor task
can occur even though motor and sensory function are normal.

Finally, the optic radiations travel through the parietal lobe on their way
from the optic chiasm to the occipital lobe. Fibers from the contralateral, infe-
rior visual fields travel through the parietal lobe. Unilateral lesions in the pari-
etal lobe may cause contralateral inferior visual field loss called an inferior
quadrantanopsia. In addition, bilateral parietal lobe lesions can cause a visual
integration syndrome called “Balint’s Syndrome” in which patients cannot
integrate the multiple components in their view into a unified scene and can-
not guide their eye movements.

In summary, patients that present with odd symptoms centered around an
inability to sense or integrate external stimuli or to coordinate task-based actions,

despite intact motor function, should be evaluated for parietal lobe lesions.

Temporal Lobe

The temporal lobes are located below the frontal and parietal lobes. The dom-
inant temporal lobe houses several critical areas, including Wernicke’s area, the
hippocampus, and the auditory cortex. Wernicke’s area is involved in language
comprehension. Injury here results in a receptive aphasia (patients cannot com-
prehend speech but can produce fluent speech). The nondominant lobe con-
tributes to recognition of changes in tone of voice and music, and damage here
results in impaired ability to recognize tone of speech. Given the role the tem-
poral lobes play in interpretation of auditory stimuli, it is not surprising that
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the primary auditory cortex is just anterior to Wernicke’s area. Bilateral lesions
of the medial superior temporal gyrus can therefore result in cortical deafness,
however, unilateral injury results in only mild hearing loss.

The temporal lobes also house the hippocampus and amygdala. The hip-
pocampus is the region responsible for consolidation of new memories. The
amygdala is a major nucleus in the limbic cortex and contributes to regulation
of emotion and to new learning. These structures are redundant to the extent
that damage to both sides is required to cause a symptomatic deficit. Damage
to bilateral hippocampi results in the inability to store new memories. Damage
to bilateral amygdala results in apathy and difficulty assessing others’ emotion-
al states (25). If the anterior portions of bilateral temporal lobes (including
both the amygdala and hippocampi) are injured, a syndrome of psychic blind-
ness, docility, and disinhibition, termed Kluver-Bucy syndrome, may result
(26). Finally, the inferior tracts of the optic radiations traveling from the chi-
asm to the occipital lobe are in the temporal lobe. These fibers are responsible
for the superior, contralateral visual fields, and injury causes a superior quad-

rantanopsia (opposite from what occurs with a parietal lobe lesion).
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Occipital Lobe

The occipital lobes hold the visual cortex. The information is laid out on the
occipital lobe in reverse of the information received by the retina. For exam-
ple, the image projected onto the inferior visual field will be represented in the
superior occipital lobe (Figure 1.4). Incoming visual information follows a
pathway from the retina to the optic nerves that travel through the temporal
lobes (superior field) and parietal lobes (inferior field) to the occipital lobe. The
information from the lateral aspect of each retina remains ipsilateral, whereas
information from the nasal aspect of the retina crosses at the optic chiasm to
the contralateral side. Lesions of the occipital lobe may cause hemianopsia (if
unilateral) or cortical blindness (if bilateral). Lesions of the occipital lobe may
also cause visual hallucinations as can be seen in the Charles Bonnet syndrome
characterized by isolated complex visual hallucinations (27).

Deep Nuclei and Brainstem

The diencephalon is a primitive part of the brain that contains the thalamus
and hypothalamus. The thalamus is the key relay station of the brain, sending
information from the cortex to the periphery and vice versa. It is arranged like
a miniature cerebral cortex, with multiple named nuclei, each with a specific
responsibility. Hence, thalamic lesions may result in cognitive, motor, sensory,
coordination, behavioral, visual, or auditory deficits (28). The most common
manifestations of thalamic lesions are cognitive and behavior disorders
(28,29). However, there can be isolated motor or sensory dysfunction of an
entire side (hemiparesis, hemisensory loss) contralateral to a thalamic lesion or
to a lesion of the internal capsule (30). Alternatively, large lesions of the thal-
amus may be relatively asymptomatic, especially if they are infiltrative.

The hypothalamus is just below the thalamus. It is a regulatory center con-
necting the pituitary gland and the brain to regulate hormonal and endocrine
systems. This nucleus is rarely involved directly by metastatic disease to the
brain, however, the therapies that are used to treat brain cancer can effect hypo-
thalamic-pituitary function and result in hypothyroidism, adrenal insufficiency,
or diabetes insipidus (31). There are also rare cases of metastases to the pitu-
itary gland. In these instances, symptoms often include both hypothalamic-pitu-
itary endocrine dysfunction as well as visual abnormalities (32,33). In cancer

patients with vague systemic complaints, screening endocrinologic studies are
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likely sufficient to detect whether hypothalamic-pituitary damage has occurred
as a result of cancer therapies. However, in cancer patients with new visual
abnormalities and endrocrinologic complaints, neuroimaging is required to
assess for metastatic involvement of the pituitary complex.

The brain stem contains the midbrain, pons, and medulla, and connects the
brain to the spinal cord. It is the control center of the CNS and holds all of the
tracts that carry information between the brain and spinal cord. The motor tracks
cross at the level of the medulla so lesions above the medulla result in contralat-
eral weakness and lesions below the medulla result in ipsilateral weakness. The
brainstem also houses the nuclei of the cranial nerves, which control the motor
output and sensation of the eyes, face, and oropharynx (Table 1.4). The close
proximity of the motor tracks traveling through the brainstem and the cranial
nerve nuclei results in the most salient localizing feature of brain-stem lesions:
“crossed findings”. This is defined as ipsilateral cranial nerve deficits (facial weak-
ness, occulomotor weakness, loss of facial sensation, etc.) with contralateral body

weakness and occurs anywhere in the brain stem above the mid-lower medulla.

TABLE 1.4 Cranial Nerve Functions

CRANIAL NERVES

FUNCTION

CN | Olfactory nerve
CN Il Optic nerve

CN 1l Oculomotor nerve

CN IV Trochlear nerve

CN V Trigeminal nerve

CN VI Abducens nerve

CN VII Facial nerve

CN VIII Vestibular-cochlear nerve
CN Xl Glossopharyngeal

CN X Vagus nerve

CN XI Accessory nerve

CN Xl Hypoglossal nerve

Sense of smell
Visual information

Pupil constriction, controls eye movements with superior,
inferior and medial rectus muscles

Controls moving eye up via inferior oblique

Has three branches, V1-V3, that control face sensation,
and the sensory aspect of the corneal reflex, Masseter
muscle

Abducts the eye via lateral rectus muscle

Taste anterior 2/3 of the tongue, sensation of outer ear,
face muscles, stapedius

Hearing, equilibrium

External ear sensation, taste on posterior 1/3 of tongue,
pharynx, carotid body, parotid gland, sensory part of gag

reflex
Elevates palate, swallowing

Controls head turning via sternocleidomastoids and
shoulder shrug via trapezious muscles.

Tongue muscles
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Cerebellum

The cerebellum is dorsal to the brain stem and is divided into a right and left
hemisphere. It has three main functions: coordinating motor movement, con-
tributing to maintaining balance, and maintaining muscle tone. The cerebellar
peduncles communicate between the cerebellum and the brain stem, and
lesions in these areas will manifest similarly to cerebellar lesions. Lesions in the
cerebellum often result in ipsilateral dysmetria and ataxia. This is unique from

the rest of the cerebral cortex organization.

Leptomeningeal Disease

The leptomeninges is the protective layering of the CNS and comprises two
layers: the arachnoid and the pia mater. Cancer spread to the leptomeninges
occurs in 5 to 10 percent of patients with solid tumors and up to 35 percent of
patients with leukemia and lymphomas (34). Of the solid tumors, breast and
lung tumors are most likely to metastasize to the leptomeninges, followed by
melanoma and gastrointestinal cancers (35). The incidence of breast and lung
metastasis to the leptomeninges appears to be increasing, possibly due to
improved systemic control of disease and improved neuroimaging (35). The
solid tumors of the head and neck, thyroid, prostate, and bladder are overall
unlikely to seed the leptomeninges (36).

Metastatic cancer cells reach the meninges in one of four manners:
hematogenous spread, direct extension from preexisting tumor in brain
parenchyma, epidural or ventricular space along perineural or perivascular
lymphatics, or iatrogenic spread during procedures (6,35). Once the tumor
cells breach the meninges, they circulate through the CSF and are carried to
other parts of the neuraxis, settling in gravity dependent areas.

The clinical manifestations of leptomeningeal disease take many forms,
depending on which portion of the neuraxis is affected. One of the most com-
mon presentations is multiple cranial nerve dysfunction. Diplopia with occulo-
paresis is a common cranial nerve (CN) manifestation. Additional common
cranial nerve deficits with leptomeningeal disease are facial hemiparesis, diffi-
culty swallowing, and decreased hearing. Any new cranial nerve palsy in a
patient with known cancer warrants evaluation for leptomeningeal disease.

Up to 60 percent of patients with leptomeningeal carcinomatosis will have

radicular nerve symptoms (distal weakness, neuropathic back pain) related to
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involvement of the nerve roots. This high frequency may be due to the tenden-
cy of tumor cells to settle at the dependent portion of the neuraxis, often along
the cauda equina and sacral nerve roots (35).

Another common manifestation is altered mental status with or without
headache (36). This presentation suggests cancer cells have coated the lep-
tomeninges, resulting in a communicating hydrocephalus with associated ele-
vated ICP. Patients may also experience nausea and vomiting, cognitive
changes, and occasionally seizures due to the involvement of the meninges.

If leptomeningeal carcinomatosis is suspected, a brain and spine MRI
with contrast followed by an LP for opening pressure (measured with the
patient in a lateral decubitus position), cell count, protein level, glucose level,
and cytology should be pursued. The presence of malignant cells within the
CSF is the defining feature of leptomeningeal disease. CSF findings consistent
with leptomeningeal involvement also include elevated opening pressure, sig-
nificantly elevated protein, and possibly elevated cell count and decreased glu-
cose (Table 1.5). Tumors with predilection both for hemorrhage and lep-
tomeningeal involvement such as melanoma, thyroid carcinoma, chorionic car-
cinoma, and renal cell carcinoma may also have elevated red blood cell counts
or xanthochromic CSE

Roughly 47 to 90 percent of patients with leptomeningeal involvement
from a metastatic tumor will have positive cytology (although this may require
repeat sampling), and nearly 100 percent will have abnormal CSF studies
(36—40). Overall, there is an 84 percent sensitivity for recovering cells in clini-
cally suspected leptomeningeal disease after two or more samplings (39). These
findings are the basis for the recommendation that two to three large volume
(greater than 20mL) lumbar punctures be done to assess for the malignant cells
in CSF in patients with suspected leptomeningeal metastases. The specificity of

CSF studies for leptomeningeal disease is 100 percent, however, the sensitivity

TABLE 1.5 Summary of Findings in Leptomeningeal Disease

Opening Pressure 60-550 MM H,O
Protein 24-2400 mg/100ml
Cell Count 0-1800cells/mm?3
Lymphocytic & mononuclear predominance
Glucose 0-225 mg/100ml
Positive Cytology Positive 45-90% of cases

Commonly requires 2-3 samples
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is much lower and again, dependent to some extent on the number of lumbar
punctures performed. In contrast, MRI has a sensitivity of 76 percent and a
specificity of 77 percent (41). A positive result on either MRI or CSF is suffi-
cient for diagnosing leptomeningeal carcinomatosis in patients with the appro-
priate clinical symptoms. However, in many cases both studies are needed.
Some important operational points are 1) the LP should be done after an MRI
to avoid artifactual enhancement of the dura secondary to pressure changes
after CSF drainage, and 2) CSF studies are more likely to be positive if drawn

from the lumbar space rather than a shunt or ventricular catheter.

Diagnosis of Brain Metastasis

Neuroimaging is the most important diagnostic modality for CNS metastases.
This includes computed tomography (CT scan) of the head and brain MRI.
Although MRI is the gold standard for diagnosing CNS metastatic disease, CT
scans are rapid and widely available (42-44). Hence, if a patient needs acute
evaluation, a CT head scan should be obtained as the preliminary test to assess
for intracranial hemorrhage, significant mass effect, or hydrocephalus. If a
bleed is suspected, contrast should not be given. In the absence of exogenous
contrast, most metastatic lesions will be isodense (appearing the same density)
to the surrounding brain parenchyma on head CT and may be hard to identi-
fy. Areas of asymmetry may be apparent, but exogenous contrast (iodinated for
CT, gadolinium for MRI) will ultimately be needed for anatomical definition.

As soon as is feasible, a brain MRI with contrast should be obtained. An
MRI has much more sensitivity than a CT for identifying lesions in the poste-
rior fossa, assessing for leptomeningeal or ependymal involvement, detecting
small parenchymal lesions, and assessing the extent of edema. General MRI
features are distinct mass lesions at the gray-white junction that have heteroge-
nous contrast enhancement (possibly ring enhancing) with significant associat-
ed edema (T2w hyperintensity). Specific MRI features depend to some extent
on the primary tumor. For example, melanoma can be both hypointense on
T2w images and hyperintense of T1w images, which is atypical for all other
tumors and is due to the melanin content (45).

Although a standard MRI has excellent anatomical detail, it has limited
specificity. This is significant when trying to assess the etiology of a single
lesion identified on an MRI as well as when trying to assess the response of
tumor to therapy. In as many as 11 percent of patients with systemic cancer, an
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TABLE 1.6 Localization of Seizure Features

CLINICAL FEATURE LOCALIZATION

Complex visual hallucinations Posterior temporal or occipital lobes
Olfactory hallucinations Inferior and medial temporal lobe
Automatisms, such as picking at clothes repeatedly Frontal or temporal lobes

Focal Motor Prerolandic gyrus (frontal lobes)
Head turning, eye turning, with arm movements Supplementary motor cortex
Auditory hallucination Heschl’s gyri

Affective states such as fear, déja vu, depersonalization Temporal lobe

new, single brain lesion is not due to metastasis but rather to a primary brain
tumor or infection (46). As patients receive more and more therapy for brain
cancer, it is also becoming more difficult to assess which MRI changes are due
to treatment effect and which are related to progressive tumors (47).
Alternative imaging modalities such as FDG PET, MR spectroscopy, diffusion
tensor imaging, and cerebral blood volume measures are being applied to try
to distinguish the various types of tumors and to differentiate tumors from
treatment-related injuries (48-51). While this research is promising, there are
no validated studies to date.

If a lesion is identified on an MRI and there is a question of whether it
represents metastasis, staging of the systemic cancer can be helpful. If there is
no other sign of systemic disease, the likelihood of an isolated brain metastasis
is reduced and a biopsy is indicated to determine the etiology. Alternatively, if
there is evidence of widely metastatic disease, a contemporous lesion on brain
MRI is likely to represent metastasis.

In summary, when there is any suspicion of brain metastasis, brain MRI
with contrast should be obtained. Additional imaging studies such as cerebral
blood volume measures and MR spectroscopy can be considered if there is a
diagnostic dilemma (single lesion, atypical location, atypical imaging features).
LP studies should be obtained whenever leptomeningeal disease is suspected as
positive cytology from the spinal fluid is the gold standard of diagnosing lep-
tomeningeal disease. LP can also be pursued to assist in securing the diagnosis
of parenchymal lesions, however, it has been estimated that only 10 percent of
patients with metastases limited to the parenchyma have positive cytology (38).
Hence, if there is a question of diagnosis, tissue sample via brain biopsy is like-
ly required.
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Treatment

Symptomatic Therapy

Therapy for brain metastases is divided into the immediate symptomatic thera-
pies and “definitive therapies.” If a patient is symptomatic and is found to have
a brain mass associated with significant edema, glucocorticoids should be start-
ed immediately. Glucocorticoids are a mainstay of therapy for patients with
metastatic brain tumors because they reduce the surrounding edema created by
increased vasculature permeability in and around the tumor. Dexamethasone is
often the steroid of choice, with doses ranging from 8-30mg/day in the acute
period to 2-6mg/day maintenance, and tapered off as soon as clinically tolerat-
ed. Dexamethasone is often given intravenously at 10mg every 4-6 hours ini-
tially and then tapered after patients have achieved clinical improvement (often
within 7-24 hours of the first dose). The lowest possible dose that provides
symptom relief should be used as quickly as possible to reduce the chance of side
effects from the glucocorticoids. That said, in general, steroid doses should not
be changed any more frequently than every 5-7 days, as it takes that long to
unmask neurologic deficits in the setting of a steroid taper.

Although steroids are rapidly active (within hours to days) and are often
necessary for patients with tumor-related edema, they have many adverse effects
that must be managed. These include irritable mood, mania and possible psy-
chosis, sleep disruption, hyperglycemia, dyslipidemia, hypertension, and extrem-
ity swelling. Longer-term side effects are myopathy, gastritis, osteopenia, cushin-
goid features, and a relatively immunocompromised state that is particularly
related to decreased CD4 counts. Hence, some advise prophylaxis for
Pneumocystis pneumonia if patients will be on steroids for long periods of time
(35). Patients are also advised to take proton pump inhibitors, calcium, and vita-
min D supplements while on steroids to ameliorate the above-listed side effects.

Antiepileptic therapy is required only for patients who present with
seizure. As discussed above, newer generation agents that do not interfere with
hepatic metabolism are preferred. Appropriate analgesia should be provided to
patients that present with headache. However, control of the ICP will often
alleviate the headache pain and analgesic therapy can be minimized. In patients
who have acute elevation in ICP, surgical interventions to relieve the pressure
may be necessary. Otherwise, definitive therapy should be defined based on
patients’ clinical factors and wishes.
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Definitive Therapy

To date, even aggressive therapies have not resulted in a cure for most tumors
that metastasize to brain. However, aggressive management may improve neu-
rologic status and prolong survival in select cases. A patient’s overall progno-
sis from the systemic cancer, the number of metastatic brain lesions, and the
location of the lesions as well as patient performance status and prior therapies
all have to be carefully considered. Therapeutic options include surgical resec-
tion, whole-brain radiation, focal radiation, radiosurgery and, increasingly,
chemotherapy or a combination of the all of the above (52).

Surgery is usually the optimal approach for an accessible single lesion as
it may significantly improve function and survival (46,53). Resection of the
lesion may relieve tumor-associated mass effect, allowing for reduction or dis-
continuation of glucocorticoids (1). Surgery is also the optimal approach when
the nature of the lesion is not entirely clear to secure diagnosis. Finally, surgery
may be considered in the setting of multiple metastases if there is a lesion that
is clearly causing symptoms that may be relieved with resection.

Whole brain radiation therapy (WBRT) is considered for patients who
have multiple metastatic lesions or as a “consolidating” therapy after surgi-
cal resection. WBRT has been shown to increase the time to recurrence after
surgical resection and reduce the incidence of death due to neurologic dis-
ease, but there is no difference in overall survival between patients who
receive post-operative WBRT and those who do not (54). The choice to use
WBRT must be weighed against the risk of neurologic sequelea. A study con-
ducted at Memorial Sloan Kettering Cancer Center demonstrated that
patients surviving one year or more after WBRT given at 10 fractions of 30
Gy had an 11 percent risk of dementia (55). Current dosing strategies give
smaller fractions over longer time periods and correspondingly, the incidence
of dementia appears to be lower. However, long-term cognitive deficits must
be considered when discussing the benefits and risks of WBRT. There are also
short-term side effects associated with WBRT including severe fatigue, mem-
ory loss, depression, transient worsening of neurologic symptoms, and hair
loss that can negatively impact patient quality of life. That said, progression
or recurrence of a tumor will also almost certainly negatively impact quality
of life via worsening neurologic symptoms. Hence, a frank discussion of all
of the potential risks and benefits of WBRT is advised to determine patient
preference.
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Stereotactic radiosurgery (SRS) is an increasingly popular therapy that
can be used for both single and multiple metastases as long as the lesions are
<4 cm (56,57). Although there are good responses with this therapy, it is not
clear that SRS, with or without WBRT, improves survival. In general, some
combination of surgery, SRS, and WBRT is commonly applied, especially to
radiosensitive cancers such as small cell lung cancer and breast cancer.

Chemotherapy has traditionally been ineffective due to an inability of
most agents to cross the blood brain barrier (BBB) and reach tumors. However,
medications such as temozolomide and lapatinib have increasingly been tried
in various forms of brain metastases with encouraging response rates and are
currently undergoing formal investigation in clinical trials both as single agents
and in combination therapy.

Temozolomide is an oral alkylating agent that is also a radiosentizer and
is active against primary brain tumors such as glioblastoma multiforme. In
brain metastases of various histologies, temozolomide monotherapy has had
response rates of 4 to 10 percent (58,59). When added to WBRT, response
rates increase to 31 to 96 percent (60-62).

Lapatinib is an oral small molecular tyrosine kinase inhibitor that targets
ErbB2, ErbB1, HER2, and EGFR and has been demonstrated to have some
efficacy against breast cancer brain metastases with 7.7 percent partial
response and median time to progression of 16 weeks in heavily pretreated
patients (63).

Summary

Brain metastases are common among patients with systemic cancer and are a
major source of morbidity and mortality. Timely recognition of neurologic
symptoms that may be referable to a new brain metastasis may allow rapid sta-
bilization of symptoms with interventions such as glucocorticoids. Options for
definitive management are increasing and are generally well tolerated. This
increasing number of therapeutic options for patients with brain metastases is
encouraging, however, the overall survival remains relatively poor with an
average of only 20 to 50 percent of patients alive one year after diagnosis.
Often, the cause of death is progression of systemic metastases (54,64). Hence,
the current goal of multimodality management of brain metastases is to mini-
mize the tumor-associated symptoms, prevent neurologic progression, and,

when systemic disease is well controlled, enhance survival. As therapeutics con-
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tinue to improve, the importance of early recognition of brain metastases will

become even more pertinent.
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Brain metastases are common in patients
with advanced cancer. In adults, brain metastases occur up to 10 times as fre-
quently as primary brain tumors, are the most common intracranial malignan-
cy, and are found in 15 to 30 percent of autopsies of all cancer patients (1-3).
In children, however, brain metastases occur less frequently than primary brain
tumors (4,5). Estimates for the incidence of brain metastases in the United
States range from 60,000 to 170,000 cases per year (6,7). Usual therapeutic
options for patients with brain metastases include surgical resection, stereotac-
tic radiosurgery, and whole-brain radiation. Whole-brain radiation is a fre-
quently administered treatment, and in patients with disseminated or unre-
sectable disease, whole brain radiation therapy remains a primary treatment
for intracranial metastatic disease (8). Whole-brain radiation is also given
before or after more focal and directed treatments, such as surgery or stereo-
tactic radiosurgery.

In terms of overall incidence, the most frequent primary tumors causing
brain metastases are lung cancer, breast cancer, melanoma, colorectal cancer,
renal cell carcinoma, testicular cancer, thyroid cancer, and cancer of unknown
primary origin (6,9,10). Survival after treatment for brain metastases varies, but
brain metastases are almost invariably an indicator of incurable disease.

Untreated symptomatic patients have a median survival of less than 7 weeks (10).

Pathogenesis

Metastases are thought to occur when the primary tumor acquires the ability

to migrate and grow elsewhere. This involves the completion of a sequence of
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steps, involving the intravasation of cells from the primary tumor, travel of the
cells in the circulation (either lymphatic or hematologic or both), movement
from the circulation into the distant organ (extravasation), and the initiation
and maintenance of tumor proliferation in the metastatic site (11).

The brain is a unique environment for metastases. Because of the contin-
uously connected endothelium surrounding the brain, which is known as the
blood-brain barrier, it is thought to be a sanctuary site from chemotherapy. The
endothelium is connected with tight junctions, surrounded by astrocytes and
pericytes and a basement membrane, and loaded with efflux pumps (11). The
blood-brain barrier severely curtails the movement of macromolecules from
the blood stream into the brain (12). The tendency of certain primary tumors
to metastasize to the brain involves both primary tumor and target (brain)
characteristics (11). Hematogenous metastases to the brain parenchyma tend
to occur at the gray-white junction (64 percent) and at the border zone regions
of the cerebral vascular supply (62 percent). This is theorized to result from the
sudden narrowing of arteriolar diameters as they enter the white matter, caus-
ing tumor microemboli to lodge at the gray-white matter junction. The termi-
nal capillary beds of cerebral arteries are also suspected potential sites for

tumor emboli impaction and seeding (13).

Diagnosis

Symptoms from brain metastases are dependent on the location, size, and num-
ber of metastases. Patients can be completely asymptomatic and have metas-
tases appear on imaging alone, or they may have seizures and experience severe
incapacitation. Brain metastases can be diagnosed at staging work-up for the
primary tumor or be discovered after active cancer therapy.

Symptoms of brain metastases include headache, weakness, mental status
changes, slurred speech, seizure, coordination difficulties, visual field deficits,
and other sensory disturbances. Headache is the most common symptom (14).

Studies report that 75 to 85 percent of lesions are supratentorial only, and
when detected by computed-tomography (CT) scan, approximately 50 percent
of brain metastases are single lesions (3,10,14). Magnetic resonance imaging
(MRI) is more sensitive in the detection of brain metastases than CT, and the
proportion of patients with single lesions is likely closer to one-fifth than to
one-third (15-18). Thirty-one percent of patients with brain metastases found
on CT scan who were thought to have only single metastases actually had mul-
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tiple brain metastases (15). Impressively, MRI imaging findings have led to ear-
lier detection of brain metastases, often before symptoms have become mani-
fest. Because of this, contrast enhanced MRI is the gold standard for detection
of brain metastases (13). Double or triple dose MRI will reveal additional
brain metastases, and high resolution volumetric acquisitions will also increase
the detection of brain metastases (13,19-21).

Description of Treatment Modalities

Although corticosteroids can extend survival by several weeks (22), modern
treatment of brain metastases relies on various combinations of surgery, stereo-
tactic radiosurgery, and whole-brain radiation. Concerns about chemotherapy
access to the central nervous system (CNS) have precluded use of this approach
for managing most brain metastases. The use of chemotherapy for systemic dis-
ease is likely to have some beneficial effects in certain clinical scenarios, but it
must still be regarded as largely investigational for brain metastases relative to
well-established roles for surgery, radiosurgery, and radiation therapy. The fol-
lowing sections describe radiotherapeutic technique in general terms and then
outline the rationale behind various treatment recommendations for patients
with cancer metastatic to the brain. To aid in clinical decision making, the
major randomized trials (Table 2.1) and treatment recommendations (Table

2.2) are shown.

Whole-Brain Radiation

Whole-brain radiation is usually delivered with the patient lying supine, with
the head immobilized to minimize movement during treatment and to maxi-
mize position reproducibility (Figure 2.1). The head is usually immobilized
using a perforated thermoplastic mask that is shaped to conform to the indi-
vidual patient’s facial features. Treatment is usually less than 15 minutes in
duration, and this time frame includes bringing the patient into the treatment
room, positioning the patient, verifying field position with electronic portal
imaging, administering treatment, and helping the patient off the treatment
table. Typical “beam-on” time is less than 3 or 4 minutes.

Whole-brain radiation treatment portals encompass the entire brain, and
treatment is typically administered with two opposed helmet-shaped radiation

fields, delivered with several degree couch rotations to make the beam edges
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TABLE 2.1 Randomized Trials of Various Management Strategies in Patients with Brain
Metastases—Reported Overall Survival

WBRT SURGERY

WBRT + SRS SRS SURGERY + WBRT P VALUE
Andrews et al. (66) 6.5 5.7 0.1356
(n=333) months months
Kondziolka et al. (67) 7.5 1 0.22
(n=27) months months
Chougule et al. (68) 9 5 7 Nonsig.
(n=96) months months months
Patchell et al. (42) 9.9 11.1 0.39
(n=95) months*  months*
Aoyama et al. (62) 7.5 8
(n=132) months months 0.42
Vecht et al. (43)/ 6 10 0.04
Noordijk et al.(45) months months
(n=63)
Patchell et al. (48) 3.5 9.2 <0.01
(n=48) months* months*
Mintz et al. (44) 6.3 5.6 0.24
(n=84) months months

*Converted from weeks (reported number) to months, with 4 1/3 weeks = 1 month.

L

FIGURE 2.1 A thermoplastic mask and
linear accelerator. For WBRT treatment, a
patient typically lies supine, with head
immobilized by a mask. The linear accelera-
tor treats from one side of the brain and
then the other.
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coplanar behind the lenses of the eyes and collimator rotations to facilitate a
clear junction plane between the bottom of the radiotherapy portal and the
adjacent cervical vertebral body. Traditionally, whole-brain radiation has been
given using rectangular fields angled so that the inferior border of the field
encompasses the bony orbit and foramen magnum (Figure 2.2). Helmet-field
irradiation utilizes lead blocks or multileaf collimators (Figure 2.3), which
shape the field to prevent irradiating anterior structures unnecessarily and pro-
vide better coverage of the entire brain and meninges (Figure 2.4).

Commonly utilized fractionation schemes for whole-brain radiation for
existing metastases or prophylaxis include 40 Gy in 20 fractions, 37.5 Gy in
15 fractions, 36 Gy in 18 fractions, 30 Gy in 10 or 15 fractions, and 20 Gy in
5 fractions. Lower fraction sizes are not associated with an increased risk of
late toxicity (23). Higher radiation fraction sizes, as noted in the previous
chapter, have been associated with higher rates of dementia. DeAngelis et al.,
in a highly cited paper (24), reported a high rate of dementia (11 percent) in
long-term survivors of whole brain radiation therapy (WBRT), likely caused by
the larger fraction sizes used during that time (4 to 8 Gy) compared to the cur-
rently accepted standard (2 to 3 Gy). The possible contribution of chemother-
apy or other factors, including systemic disease progression, was not assessed.

FIGURE 2.2  Typical whole-brain radiotherapy field.
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FIGURE 2.3  Typical multileaf collimator, used to shape the beam. Photo courtesy of Elekta.

In the patients irradiated at lower fraction sizes, the toxicity level was more
acceptable. The effect of fraction size has been demonstrated in patients who

have undergone radiotherapy for low-grade gliomas, suggesting that cognitive

FIGURE 2.4 A typical helmet field, encompassing all brain and spinal cord to the bottom of the
C2 vertebral body.
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disability and deleterious sequelae from radiotherapy occur more frequently
when high fraction doses (greater than 2 Gy) are used (25). The most common-
ly delivered fractionation scheme is 30 Gy in 10 fractions, and this dose frac-
tionation scheme is widely considered the current standard for WBRT (26).

Numerous schedules for WBRT, ranging from 10 to 54 Gy in 1 to 34 frac-
tions, have been studied by the Radiation Therapy Oncology Group (RTOG)
(Table 2.3) in randomized trials (27,28). All fractionation schemes studied
were equivalent with respect to overall toxicity, neurologic improvement, and
survival, but higher fraction sizes were associated with greater neurologic tox-
icity (29,30). For patients with greater prospects of long-term survival, it is rea-
sonable to use a more prolonged fractionation scheme to try to minimize late
toxicity because of the radiobiological effect of high fraction sizes on late
responding tissues in the CNS (24,31).

Corticosteroid therapy is often administered concurrently with whole-brain
radiotherapy to decrease cerebral edema, but it may not be needed if there is no
significant mass effect or edema visualized on the diagnostic imaging studies.

Metastatic histologies typically excluded from trials involving whole-
brain radiation alone include leukemia, lymphoma, and germ cell tumors,
because of their usual rapid response to radiotherapy. Melanoma and renal cell
carcinomas, because of their relative radioresistance, are increasingly treated

with stereotactic radiosurgery alone as initial treatment (or with surgical resec-

TABLE 2.3 Randomized Trials by the RTOG Involving Different Fractionation Schemes for
Whole-Brain Radiation

AUTHOR FRACTIONATION SCHEME SURVIVAL P VALUE

Borgelt et al. 1980 (39) 40 Gy (20 fx) 3.2-4.6 months  >0.05
40 Gy (15 fx)
30 Gy (15 )
30 Gy (10 fx)
20 Gy (5 fx)

Borgelt et al. 1981 (132) 30-40 Gy (10-20 fx) 2.8-4.8 months  >0.05
20 Gy (5 fx)
12 Gy (2 fx)
10 Gy (1 fx)

Kurtz et al. 1981 (133) 50 Gy (20 fx) 4.0-4.4 months  >0.05
30 Gy (10 )

Murray et al. 1997 (134)  54.4 Gy (34 fx-BID) 4.5 months >0.05
30 Gy (10 fx)
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tion in appropriate cases), with whole-brain radiation reserved for multiple
metastases or symptomatic metastases requiring immediate treatment that are

not amenable to surgery (32-35).

Stereotactic Radiosurgery

Stereotactic radiosurgery is a focused form of radiation treatment. Typically,
radiation is delivered via a treatment machine with multiple simultaneous con-
vergent beams to a single focus point (Leksell Gamma Knife), or with a pre-
cisely targeted linear accelerator (Linac) that delivers multiple sequential con-
vergent beams, or by using an arcing beam with a precise focal point (Linac
based stereotactic radiosurgery). Charged-particle (proton and carbon ion)
therapy can also be used in a manner similar to that used with a conventional
linear accelerator, though there are significant differences in the physics and
radiobiology of charged-particle treatment.

Stereotaxis is traditionally determined by a fixed alignment of the patient
to a physical coordinate system, either a stereotactic headframe or other equiv-
alent immobilization device. There are now devices that are capable of ensur-
ing acceptable accuracy for many indications without affixing a headframe to
the patient’s skull. The discussion of the pros and cons of different immobiliza-
tion devices and treatment machines is beyond the scope of this chapter, but it
is important to note that there is no strong clinical data that suggests superior-
ity of one or another platform for stereotactic radiosurgery (SRS) as regards
lesion control and patient outcome, and all machines can be considered equal-

ly appropriate with proper administration and immobilization.

Rationale for Choosing Treatment

Whole-Brain Radiation Alone

Whole-brain radiation therapy is effective at reducing intracranial metastasis
growth (8,10), and is associated with prolonging survival (36,37). Response
rates to treatment are high, with an improvement in neurologic function in >60
percent of patients. Two-thirds of these patients will have long-lasting neuro-
logic symptom relief (7). Unfortunately, cranial nerve deficits are often refrac-
tory, and only 40 percent of patients experience any measurable improvement
(7). Median survival for patients treated with WBRT is 2.3 to 7.1 months,
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depending on performance status, age, and disease state (38). Whole-brain
radiation is often given alone to patients who are not appropriate candidates
for stereotactic radiosurgery or surgical resection, and is also often used in
combination with these treatments.

Neurologic symptoms from regrowth of metastatic foci may recur in
patients treated with WBRT if they survive long enough; the median time to
progression for all patients with brain metastases is only 2-3 months after
WBRT (39). Because of this, and because neurosurgical resection can alleviate
symptoms from mass effect and makes it possible to obtain a tissue diagnosis
(if this is uncertain), resection of an isolated metastatic focus has long been
used for patients with brain metastasis as a way of improving intracranial con-
trol beyond what is possible with WBRT alone.

Surgical Resection With or Without Whole-Brain Radiation

Surgical resection has been used for decades with patients requiring immediate
decompression of a large metastasis as well as for radiographically identified
and easily accessible, isolated lesions. Because of its efficacy at relieving mass
effect and achieving local control, it is arguably the standard of care for these
patients. Surgical resection, especially of the posterior fossa or large or radiore-
sistant tumors, improves intracranial hypertension and allows for a more rapid
tapering of corticosteroids (40,41).

Two randomized trials have confirmed the benefits of surgical resection in
patients with a single metastasis and good performance status when compared
to treatment by whole-brain radiation alone (42,43). Another randomized
trial, however, did not confirm this hypothesis (44).

The first trial supporting surgical resection was reported by Patchell et al.
(42). Forty-eight patients with a single metastasis and Karnofsky performance
status (KPS) =70 (recursive partitioning analysis [RPA] Class I and II) were ran-
domly chosen for resection with WBRT or stereotactic biopsy with WBRT.
Patients were given dexamethasone 4 mg every 6 hours, which was continued
through radiation. WBRT was 3 Gy X 12 fractions for a total of 36 Gy.
Resection and postoperative WBRT resulted in better local control (20 percent
local recurrence versus 52 percent local recurrence, p<0.02). Time to recur-
rence was also improved with resection (>59 weeks versus 21 weeks,
p<0.0001). Median survival was improved (40 weeks versus 15 weeks,
p<0.01), but risk from systemic death did not change. Quality of life was also
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much improved (patients maintained a KPS >70 for a median of 38 weeks for
the resection group versus 8 weeks, p<0.005 for patients not treated with resec-
tion). There was significant reduction in mortality from neurologic causes (62
weeks versus 26 weeks, p<0.0009). Interestingly, 11 percent of the patients
enrolled in this study (6 of 54) with radiographically diagnosed brain metas-
tases seen on contrast CT or MRI were not histologically diagnosed with brain
metastases. Three of these patients had potentially reversible infectious or
inflammatory conditions.

This raises an important point that biopsy or resection to confirm the
nature of a lesion is especially important in patients with controlled extracra-
nial disease. For these patients, survival and quality of life may well depend on
appropriate treatment of the brain lesion.

The second trial supporting microsurgical resection was published by
Vecht et al. (43) and was later republished by Noordijk et al. (45). Sixty-three
patients were randomly selected for surgery and WBRT versus WBRT alone. A
greater survival benefit was observed for the surgery + WBRT group com-
pared to the WBRT only group (10 months versus 6 months, p=0.04). The
WBRT used 2 Gy bid X 2 weeks, for a total dose of 40 Gy. Minimum inter-
fraction time was only 4 hours. This accelerated fractionation was well toler-
ated, and at the time of reporting, 9 long-term survivors had not manifested
late neurological side effects (such as dementia) from the radiation, but a
detailed psychologic assessment was not performed as part of the study. In
addition, maintenance of functional independence improved, though this
improvement was not statistically significant (7.5 months versus 3.5 months,
p=0.06). For patients without active extracranial disease, median survival was
12 months versus 7 months favoring the surgery + WBRT arm versus WBRT
alone. This was the subset group with the greatest benefit.

Mintz et al. (44) conducted a randomized study with 84 patients for
surgery + WBRT versus WBRT alone. Unlike in the two prior randomized
trials, there was no significant difference in median survival (6.3 months
versus 5.6 months, p=0.24). This trial was complicated by the fact that
resection was incomplete in 10 percent of patients, and approximately 25
percent of patients randomized to WBRT alone also had surgery. The con-
tradictory nature of the Mintz trial may also be partially due to a lower KPS
for the study population in comparison to study populations in the Patchell
and Vecht trials, and a higher proportion of patients who also had extracra-

nial metastases.
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Based on the evidence from the randomized trials and retrospective data
noted above, in patients with single metastases and KPS >70, controlled pri-
mary tumor, absence of extracranial metastases, and age <65 (RTOG RPA
Class I), a strong recommendation can be made for using surgical resection in
conjunction with WBRT rather than using WBRT alone. Indeed, for single-
brain metastases, surgical resection still remains a standard of care.

The question then arises: Can surgery be used without WBRT? Two ret-
rospective studies found no survival advantage to adjuvant WBRT (46,47).
Although an increased rate of dementia was perceived with adjuvant WBRT,
larger radiation fraction sizes than are commonly used in modern treatment
were used in these studies.

Patchell and his colleagues at the University of Kentucky performed
another landmark randomized trial that focused on this question (48). Ninety-
five patients with single metastases to the brain after a complete surgical resec-
tion received adjuvant WBRT or no immediate therapy (with radiation allowed
for salvage). The completeness of surgical resection was verified by MRI.
Radiotherapy was started within 28 days of surgery, and radiosensitive pri-
mary tumors (small cell lung cancer, germ cell tumors, lymphoma, leukemia,
and multiple myeloma) were excluded. Patients treated with WBRT received
50.4 Gy in 28 1.8 Gy fractions over 5.5 weeks. The primary endpoint of this
study was to determine recurrence rates of tumor in the brain. Secondary end-
points included the assessment of survival, cause of death, and preservation of
ability to function independently. WBRT predictably prevented intracranial
recurrence (18 versus 70 percent, p<0.001) and other metastatic disease in the
brain (14 versus 37 percent, p<0.01). Local control at the site of resection was
also improved (recurrence rate 10 percent versus 46 percent, p<0.001). Overall
survival was not affected (48 versus 43 weeks), but death from neurologic
causes was less frequent in the cohort getting adjuvant WBRT (14 percent ver-
sus 44 percent). Unfortunately, patients in the WBRT group were more likely
to die of systemic cancer rather than neurologic progression, and so the
authors hypothesized that the absence of a difference in overall survival
between the two treatment arms was a result of the lack of satisfactory treat-
ment for the systemic cancers and not due to a failure of postoperative radio-
therapy to control the disease in the brain. The duration of functional inde-
pendence was not altered by the addition of WBRT to surgical resection.

Based on this clinical trial, postoperative WBRT can be recommended for

patients who have undergone surgical resection of an isolated brain metastasis,
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with the expectation that local control will be improved and death from neu-

rologic causes will be less frequent.

Surgical Resection versus Stereotactic Radiosurgery

There have been no completed phase III trials comparing microsurgical resec-
tion and stereotactic radiosurgery. Both are focal therapies, and when used for
metastatic cancer, neither can address metastases that are not specifically tar-
geted. Surgery also affords the possibility of a tissue diagnosis. Retrospective
comparative analyses of efficacy and economics have been performed for
stereotactic radiosurgery and resection, and radiosurgery is more cost effective
than surgical resection (41,49).

Stereotactic radiosurgery has emerged as an effective and precise method of
delivering focused radiation, which avoids the expected sequelae from whole-
brain radiotherapy (50-52). Stereotactic radiosurgery is relatively safe with care-
ful patient selection, though with increasing numbers of tumors and tumor vol-
ume there is an associated increased risk of short- and long-term sequelae (52).
RTOG 9005 was a phase I study that attempted to define the safest tolerable
radiosurgery dose for recurrent primary brain tumors and metastases <2 cm, 2-3
cm and >3-4 cm in size following conventional irradiation. In a multivariate
analysis of the entire cohort, compared to tumors <20 mm in maximum diameter,
21-30 mm tumors had a 7.3 times higher risk of developing unacceptable CNS
toxicity, and 31-40 mm tumors had a 16 times higher risk (52). An infrequent
complication from stereotactic radiosurgery is radionecrosis, sometimes requiring
resection and sometimes resulting in death. A range of incidence of operation rates
for radionecrosis has been reported from <1 percent of patients treated (50) with
an increase up to 11 percent at 2 years (52). Radionecrosis rates are higher with
larger doses given to larger lesions (51). However, lowering the radiosurgical dose
for larger lesions decreases the local control rate (51). Other possible side effects
include periprocedural seizures, delayed cerebral edema requiring steroids, and
(rarely) a hemorrhagic stroke from bleeding into a metastasis.

Interestingly, in RTOG 9005, in addition to higher tumor sizes, a higher
KPS predicted a higher risk of unacceptable CNS toxicity (52). Improved local
control (95 percent) for higher doses (>20Gy) are also associated with a high-
er level of RTOG grade 4 toxicity: 5.9 percent for >20Gy (53).

Muacevic et al. performed a population matched retrospective study com-

paring surgery + WBRT to radiosurgery alone as primary treatment for soli-
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tary cerebral metastasis (54). Eligibility criteria included having a single metas-
tasis <3.5 c¢m in size. Fifty-two patients were observed as having had surgery +
WBRT, and 56 patients had SRS alone as up-front treatment. There was a sta-
tistically insignificant shorter overall survival observed in the SRS-alone group.
One year survival for surgery + WBRT versus SRS was 53 percent versus 43
percent (p=0.19), and median survival for surgery + WBRT versus SRS was
68 weeks versus 35 weeks (p=0.19). Shorter overall survival in the SRS-alone
group was attributed to higher systemic death rates. Remote intracranial con-
trol was worse with the omission of WBRT. Neurological death rates were the
same. The conclusion of the authors was that SRS was the same as surgery +
WBRT in selected patients, and that for selected patients treated with SRS,
WBRT was not needed.

Several significant differences exist between a microsurgical resection of a
brain metastasis and the radiosurgical treatment of a brain metastasis, and con-
sideration of these differences may help guide treatment recommendations for
individual patients. The benefit of obtaining histopathological confirmation of
a pathological process is only possible with surgery, as stated above, and imme-
diate relief of mass effect is only possible with a microsurgical approach.

A gross total microsurgical resection of a brain metastasis often leaves
microscopic disease at the edge of the resection cavity. This likely explains the
high rate of local recurrence after surgery alone (48). No antitumor effect
occurs beyond the plane of resection. In contrast, a radiosurgical procedure
will have a penumbra of dose extending beyond the prescription isodose sur-
face, which will treat microscopic extension of disease beyond the visible mar-
gin of the tumor.

Microsurgical resections are frequently considered only for single
metastases. Staged resections of multiple metastases via separate cran-
iotomies have been described, but are not commonly performed (55). Small,
isolated lesions deep to cortical surfaces may not be good candidates for
resection because of difficulty with localization, despite advances in neuro-
surgical navigation technologies.

In contrast, radiosurgical treatment of multiple brain metastases can be
performed in a single (usually outpatient) session, and the intracranial location
of brain metastases usually does not present an issue for targeting in radio-
surgery. An exception to this is for lesions located in close proximity to the
optic chiasm. The limited tolerance of the optic nerves for single fraction treat-

ment often compromises the ability to deliver radiosurgery to tumors juxta-
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posed with the optic apparatus (56). Fractionated treatment is an option for
such metastases (57). Lesions selected for radiosurgical treatment are more
likely to be controlled if they are small in size (41). Larger lesions are often
treated with lower doses because of concern about injury to normal brain tis-
sue from the larger scattered dose consequent to treating larger lesions (10).
Neurosurgical resection of a large metastasis will provide a significant benefit
from relief of mass effect.

Stereotactic Radiosurgery Alone

Stereotactic radiosurgery alone as a primary treatment for metastatic disease
has been performed, and good data regarding this approach has been pub-
lished. In 1994, Flickinger et al. published a report on 116 patients from mul-
tiple institutions who had undergone radiosurgery alone or together with
WBRT for solitary brain metastases (50). Median survival was 11 months after
radiosurgery and 20 months after diagnosis. Local tumor control was excellent
(85 percent of all patients followed), and radiation necrosis without viable
tumor present was rare (1 percent). Two-year actuarial local tumor control rate
was 67 percent = 8 percent. Nine percent of patients required subsequent sur-
gery for hemorrhage, necrosis, or tumor recurrence.

Sneed et al., in a 1999 review of 105 patients treated at the University of
California at San Francisco (UCSF), observed no improvement in survival and
local control with the addition of WBRT to SRS when salvage therapy was
used for recurrence after SRS alone (58). However, prior to salvage, freedom
from progression at 1 year was 28 percent for SRS alone versus 69 percent for
WBRT + SRS. Moreover, for RPA Class I, median survival time was 35.3
months for RS alone and 12.9 months for RS + WBRT.

A further report by Sneed et al. in a 2002 multiinstitutional review found
no improvement in overall survival when WBRT was added to SRS. Again, the
RPA prognostic index was validated, though there was no improvement across
the three classes with the addition of early whole-brain radiation to stereotac-
tic radiosurgery. Overall survival was 14 versus 15.2, 8.2 versus 7, and 5.3 ver-
sus 5.5 months for SRS alone versus SRS + WBRT for RPA Class I, II, and III
patients (59).

In the same year, a single-institution prospective study was reported by
Regine et al., focusing on treating newly diagnosed brain metastases with SRS
alone followed by observation (60). Median survival was 9 months. Brain
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tumor recurrence at the original site affected only 8 of 36 patients, and tumors
recurred at both original and distant CNS sites in 3 of 36 patients. Tumors at
distant sites only were found in 6 of 36 patients. Importantly, 12 of 17 recur-
rences were symptomatic, and 10 of 17 recurrences were associated with a neu-
rologic deficit. Only 2 of 36 patients experienced RTOG Grade 3 or 4 toxici-
ty attributable to SRS, and there were no deaths associated with SRS.

Varlotto et al. looked retrospectively at 110 patients who had received ini-
tial management with SRS with or without subsequent WBRT and had sur-
vived at least a year (61). Local control was improved with the addition of
WBRT in patient with small tumor volume (<2 c¢m), single metastases, and lung
cancer primary tumors in these relatively long surviving patients. There was no
additional survival benefit with the addition of WBRT.

The best data available on anticipated outcomes for patients treated with
stereotactic radiosurgery without early WBRT comes from a phase III trial
reported by Aoyama et al. in 2006 (62). This Japanese trial involved 132
patients and randomized patients to SRS versus SRS+WBRT. Up to 4 brain
metastases, each less than 3 cm, were allowed. Median survival was not signif-
icantly changed by the addition of WBRT (SRS + WBRT 7.5 months versus
SRS alone 8 months, p=0.42). There were no significant differences in systemic
and neurologic functional preservation or in toxic effects of radiation.
Intracranial relapse did occur considerably more frequently in those patients
who did not receive WBRT. Salvage treatment was frequently required when
up-front WBRT was not used. The authors commented on a trend toward
improved survival with the addition of WBRT, and a lack of incremental tox-
icity. However, improved intracranial control did not translate to a decrease in
neurologic deaths. Importantly, follow-up imaging detected early recurrences
before they became neurologically evident during clinical exam and KPS assess-
ment by the clinician, and so this may have improved salvage treatment. Mini-
mental state examination (MMSE) was optionally performed on some of the
patients in the trial and showed there was no significant difference between the
two arms.

The evidence shows that SRS is a safe treatment with low toxicity. CNS
recurrence is more frequent with the omission of WBRT after SRS. With fre-
quent imaging (62)—MRI scan 1-3 months after treatment, and every 3
months thereafter—there does not appear to be an effect on survival with the
omission of WBRT, though this remains the subject of continued study in an

ongoing randomized Intergroup trial (N0574) led by the North Central Cancer
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Treatment Group (NCCTG) (63). This trial is also collecting neurocognitive
testing data that will help evaluate endpoints other than survival in the study
cohorts (63).

Stereotactic Radiosurgery and Whole-Brain Radiation

While stereotactic radiosurgery is very effective at controlling oligometastases,
intracranial control is compromised by the focal nature of this radiation tech-
nique. WBRT has been conventionally used prior to stereotactic radiosurgery
as it is able to address the micrometastatic disease that is presumed to be pres-
ent, is able to cytoreduce the radiographically evident metastatic deposits, and
is also very easy to initiate in every radiation therapy department. In a meta-
analysis of published stereotactic radiosurgery series, an improvement in over-
all survival was shown in comparison to historical controls for patients who
underwent SRS in addition to WBRT. For RTOG RPA classes I, II, and III (dis-
cussed in the previous chapter), stereotactic radiosurgery with WBRT
improved median survival to 16.1, 10.3, and 8.7 months versus 7.1, 4.2, 2.3
months for historical controls for WBRT alone. Also found to be statistically
important was a controlled primary tumor, absence of extracranial disease, and
higher Karnofsky performance status. Improvement in survival did not appear
to be restricted by class for well-selected patients. This was obviously not a
randomized population, and the influence on survival of the number of metas-
tases was not discussed (64).

Patients included in retrospective series reporting the results from stereo-
tactic radiosurgery have typically better results than patients who were not
considered for stereotactic radiosurgery (33,65). Retrospective reports of
stereotactic radiosurgery for brain metastases have reported an approximate
85 percent local control rate and a median survival of 9.4-11 months
(32,50,65).

The RTOG performed a large randomized trial of 333 patients (RTOG
9508) that randomized RPA Class I and II patients to WBRT + SRS versus
WBRT. Patients were enrolled who had KPS >70, and 1 to 3 metastases. WBRT
in the trial was 2.5 Gy X 15 fractions for a total of 37.5 Gy over 3 weeks. Mets
<2 cm in broadest diameter (in accordance with RTOG 90-05) were treated
with a surface isodose of 24 Gy. Mets >2 ¢cm but <3 ¢cm were treated with 18
Gy, and those mets >3 ¢cm and <4 cm were treated with 15 Gy. This study
showed a survival benefit for SRS + WBRT versus WBRT alone (6.5 versus 4.9
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months, p=0.0393) only for patients with a single metastasis (66). There was
no survival benefit for the addition of SRS to WBRT for patients with more
than one metastasis. On central review, local control was improved at 3
months and 1 year and there was a statistically significant improvement in
functional status (as measured by KPS) and decreased steroid use at 6 months,
though no difference in mental status was noted between the groups. There
was no increased toxicity in the group that received SRS.

Interestingly, Kondziolka et al. performed a similar trial, which was
closed after an interim analysis with only 27 patients randomized because of a
very high local failure rate in the WBRT-alone arm versus the SRS + WBRT
arm (100 percent versus 8 percent at 1 year). Patients were treated with 30 Gy
in 12 fractions of 2.5 Gy. There was no significant improvement in overall sur-
vival benefit (11 versus 7.5 months) with this small sample size, but there was
a 6-fold increase in local intracranial control of 36 months versus 6 months in
favor of the SRS + WBRT arm. There was no neurologic or systemic morbid-
ity related to stereotactic radiosurgery (67).

In a study that was published in abstract only, Chougule et al. random-
ized 96 patients to three separate arms: SRS alone, WBRT alone, or SRS +
WBRT (68). Local control was improved for the SRS alone and SRS + WBRT
arms compared to the WBRT alone arm (87 percent and 91 percent versus 62
percent), whereas median survival was highest for the WBRT alone arm (7 and
5 months versus 9 months). This trial did not include a control for whether
patients had a surgical resection, and the number of patients enrolled may have
been too small to demonstrate a survival benefit.

As noted in the previous section, Aoyama et al. performed a randomized
controlled trial comparing SRS to SRS + WBRT. There was a significant
improvement in prevention of brain tumor recurrence and intracranial relapse
with the addition of WBRT (62).A survival benefit was not shown.

Selection of patients for treatment with stereotactic radiosurgery remains
an area of continued study. Younger patients, well performing patients (KPS
>70), and patients with 1 to 3 brain metastases are usually the patients select-
ed for treatment, as the phase IIIl RTOG 9508 trial appears to show improved
outcomes in terms of overall survival, metastasis control, and steroid usage
with the addition of SRS to WBRT for these selected patients (66). In addition,
the number of metastases treated by SRS may influence whether a patient ben-
efits. Well performing (KPS>70) patients with two or solitary metastases have

a much improved survival time in comparison to patients with three or more



48 | Brain Metastasis: A Multidisciplinary Approach

metastases: 211+ weeks versus 63 weeks, p=<0.002 (69). For patients with
four or more metastases, it is unclear whether there is a benefit to radiosurgery
in addition to WBRT. Some authors have retrospectively observed an improve-
ment in overall survival (70,71), whereas others have observed improvement
only for young patients (<45 years) (72). At present, the use of SRS with
WBRT may be considered a very reasonable option for well performing
patients or young patients with a limited volume or number of metastases (73).

In summary, no randomized trial has shown a survival benefit for the addi-
tion of WBRT to SRS, however there is evidence for improved local control and
reduction in time until salvage therapy is necessary. Conversely, there does not
seem to be significant additional toxicity with the addition of SRS to WBRT. In
patients with oligometastases (2—4), the use of SRS before or after WBRT is rea-
sonable in highly functioning patients [KPS >70] (73). WBRT may also be
delayed until recurrence without a detriment to overall survival. For single metas-
tases that are not surgically accessible, Class I data shows that SRS + WBRT is
preferable to WBRT (66). SRS alone may be given versus SRS + WBRT with the
knowledge that frequent MRI imaging follow up is necessary, and salvage ther-

apy is more often needed and may be required sooner if WBRT is omitted.

Prophylactic Cranial Irradiation

Whole-brain radiation is also used as prophylaxis in prevention of brain metas-
tases for cancers with a predilection for spread to or within the CNS, includ-
ing medulloblastoma as a part of craniospinal irradiation (74), very high risk
acute lymphocytic leukemia (75), and small cell lung cancer (76-82).

When prophylactic cranial irradiation (PCI) is used in the setting of small
cell lung cancer (SCLC) in complete remission, the median duration of survival
increases from 12 to 20 months (82), with reports of 4-year survival around 22
percent [95 percent Cl: 15-32 percent] (76). Thus, it appears that for selected
small cell lung cancer patients, survival after whole-brain radiation therapy can
be extended by over a year or more. In addition, a meta-analysis of all English
and French language randomized trials regarding PCI in small cell lung cancer
patients published before January 2000, has confirmed a survival benefit in
patients in clinical remission, with a hazard ratio (HR) for death of 0.82 [95
percent CI : 0.71-0.96] (83).

PCI for patients with extensive stage small cell lung cancer who have par-
tial or complete response to treatment has also recently been shown to infer a
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survival benefit (27.1 percent versus 13.3 percent 1-year overall survival,
p=0.0033). The risk of symptomatic brain metastases was significantly
reduced, with a 1-year cumulative incidence of symptomatic brain metastases
of 14.6 percent on PCI versus 40.4 for controls [p<0.0001] (84).

Typical doses for PCI for SCLC are lower than for definitive or adjuvant
WBRT for existing metastases. A commonly used dose is 36 Gy in 18 fractions,
or 30 Gy in 15 fractions, and is applied in similar approach to that used in
WBRT for existing metastases, using a helmet field technique (83). The
European Organization for Research and Treatment of Cancer (EORTC)
extensive stage PCI trial uses doses ranging from 20 Gy in § fractions of 4 Gy
to 30 Gy in 10 fractions of 3 Gy (84). Other trials have recommended 24-30
Gy in 3 Gy fractions or less (76). Multiple studies have looked into neurocog-
nitive sequelae from PCI and whether these outweigh the benefit seen in sur-
vival. Current National Comprehensive Cancer Network (NCCN) guidelines
strongly support PCI in patients with limited disease with a complete response
(Category 1 recommendation) and recommend treatment in patients with
extensive disease with a complete response (Category 2B recommendation)
(85). A recent EORTC trial reported the results of a randomized trial of PCI
versus no PCI in 286 patients with extensive disease small cell lung cancer after
any response to chemotherapy. PCI significantly reduced the risk of sympto-
matic brain metastases (14.6 percent versus 40.4 percent at 1 year, p<0.0001)
and improved both progression-free survival and overall survival (27.1 percent
versus 13.3 percent at 1 year, p=0.0033) (84). This strongly suggests that PCI
can now be considered in all extensive disease patients who show a response
to chemotherapy to reduce the incidence of symptomatic brain metastases and
prolong disease-free and overall survival (86).

There does appear to be a radiation dose response relationship in reduc-
tion of brain metastases in PCI, with doses approximating 36 Gy in 18 frac-
tions effective compared to lower doses without a significant increase in neu-
rocognitive deficit (80,82). There has not been a survival benefit accredited to
higher doses. Other investigators have found a lower dose response threshold
of 25.2 Gy in reducing brain metastasis risk (87).

Twice daily fractionation for PCI has also been investigated in an attempt
to reduce late neurotoxicity (88). This trial treated patients to 30-36 Gy in
twice daily fractions of 1.5 Gy and was well tolerated. This treatment regimen
is under further investigation (RTOG 0212) (89).
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Concurrent Chemotherapy with WBRT

Multiple studies have attempted to improve the efficacy of whole-brain radia-
tion with the use of radiosensitizing cytotoxic chemotherapeutic agents. These
studies have been largely disappointing with no benefit in terms of median sur-
vival or objective response rates.

Guerreri et al. tested at concomitant carboplatin and whole-brain radi-
ation for brain metastases from non-small cell lung cancer, but the study did
not show a benefit in terms of objective response or survival (90). Other inves-
tigators have also looked at various combinations of chemotherapy (carbo-
platin, ifosfamide, and vinorelbine-ifosfamide-cisplatin) with whole-brain radi-
ation and have noted similar side effects without the expected severe neurotox-
icity, and with good response rates (91-93), but this approach remains highly
experimental. The most frequent acute complication seems to be myelosup-
pression from the concurrent chemotherapies used.

Use of the potent radiosensitizer gemcitabine and WBRT has been inves-
tigated in a phase I trial escalating the dose of twice-weekly gemcitabine. At
higher dose levels, 2 toxic deaths were encountered. A small number of
patients have been treated, and so a maximum tolerated dose (MTD) of gem-
citabine given twice weekly was defined as 62.5 mg/m? (94). A phase II study
of gemcitabine given twice weekly at the dose of 50.0 mg/m? is underway in
the United Kingdom (UK).

Topotecan, which has shown promising efficacy in patients with heav-
ily pretreated SCLC brain metastases (95), has also been investigated in con-
junction with WBRT in a phase I/II trial. Maximum tolerated dose was 12 X
0.5 mg/m? in chemotherapy naive patients and 12 X 0.4 mg/m? in chemo-pre-
treated patients (96). A phase III study is now underway.

Two groups, Antonadou et al. (97) and Verger et al. (98) have performed
randomized phase II trials evaluating neurotoxicity in patients with brain
metastases randomized to WBRT versus temozolamide + WBRT. Both trials
found statistically significant improvement in intracranial control and response
with the addition of temozolamide to radiotherapy. As expected, there was
worsened hematologic toxicity and nausea and vomiting in patients receiving
temozolamide, but this was readily managed with supportive measures. There

seemed to be an improvement in neurologic response to treatment, and less
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steroid use and a lower death rate from brain metastases progression. Again,
this approach remains experimental and is the subject of further investigation.

Novel and traditional systemic anticancer therapy with or without WBRT
continues to be an area of investigation (73), with phase III trials involving the
combination of radiation and temozolomide with erlotinib (99) and oral

topotecan (100) underway.

Radiation Sensitizing Agents

Unfortunately, all trials of radiation sensitizing agents without intrinsic antitu-
mor effects have been negative. There have been several large clinical trials
mounted recently evaluating the use of agents with promising preclinical pro-
files, but these were unfortunately also negative. There is, however, still some
hope for this approach in managing brain metastases.

Motexafin gadolinium (gadolinium texaphyrin, MGd) is a porphyrin-like
paramagnetic molecule that disrupts redox-dependent pathways in cells,
inhibits oxidative stress-related proteins, and induces apoptosis. In preclinical
trials, it was shown to enhance radiation sensitivity in cells that take up the
drug (101). Interestingly, MGd has been shown to localize within tumors, and
because of its paramagnetic nature, can demonstrate brain metastases on non-
contrast MRI (102). A phase III randomized trial of 401 patients was mount-
ed to evaluate the efficacy of WBRT with or without concurrent MGd (103).
This trial was also important in its careful neurocognitive testing of all
patients, allowing for one of the most thorough examinations of acute and
chronic neurologic sequelae from WBRT.

Unfortunately, there was no improvement in median overall survival
between the two arms (5.2 months for MGd + WBRT versus 4.9 months for
WBRT alone, p=0.48). There was also no difference between the two arms in
terms of median time to neurologic progression (9.5 months for MGd +
WBRT versus 8.3 months for WBRT, p=0.95).

In unplanned subset analyses of the above trial, the time to overall neuro-
logic progression in non-small cell lung cancer patients (n=251) was signifi-
cantly increased (median not reached for MGd + WBRT versus 7.4 months for
WBRT; p=0.048) (104). Therefore, a confirmatory phase III trial was per-
formed for this subset of patients with non-small cell cancer (NSCLC) brain
metastases. Five hundred fifty-four patients with NSCLC brain metastases and
KPS >70 were randomized to WBRT + MGd versus WBRT alone.



52 | Brain Metastasis: A Multidisciplinary Approach

Unfortunately, this too was a negative trial, as time to overall neurologic pro-
gression between the two arms was not significantly different: WBRT + MGd
15.4 months versus WBRT alone 10 months (104). There was a 6.4 month dif-
ference in the median time to neurologic progression in the 805 NSCLC
patients enrolled on these two phase III studies that received MGd and WBRT
compared to WBRT alone: p = 0.016 (105). An application to the FDA for the
use of MGd with radiation therapy for NSCLC brain metastases was not suc-
cessful (http://www.pharmacyclics.com/wt/page/xcytrin).

Importantly, the MGd trial shed some light on the pretreatment neurocog-
nitive function of patients with brain metastases who undergo WBRT. Ninety-
five percent of patients had impairment of one or more neurocognitive tests at
baseline, and 42.4 percent of patients had impairment in 4 or more tests (out
of 7), indicating severe neurocognitive dysfunction (106). Patients with a
greater total volume of lesions had worsened neurocognitive function, where-
as the overall number of lesions was not statistically correlated with baseline
neurocognitive function. Baseline neurocognitive function was predictive of
overall survival. The authors noted that a combination of neurocognitive test-
ing and tumor prognostic variables predicted survival better than tumor vari-
ables alone.

Efaproxiral (Efaproxyn, RSR13; Allos Therapeutics Inc., Westminster, CO)
is a pharmaceutical agent that reduces the oxygen-binding affinity of hemoglo-
bin, facilitating the release of oxygen in hypoxic regions (107). It was theorized
that efaproxiral could increase the effectiveness of WBRT by improving the
radiosensitivity of the hypoxic fraction of brain metastases. Although the phase
III trial that was mounted to investigate the use of efaproxiral in conjunction
with WBRT was negative overall, there appeared to be a subset of breast cancer
patients who had derived a survival benefit from efaproxiral (108).
Unfortunately, the confirmatory phase III trial for this subset of patients was also

negative for the primary endpoints of survival and response to treatment (109).

Improvement in Radiation Delivery

Intensity modulated radiation therapy (IMRT) is a radiation delivery technique
that allows for improved dose distributions by varying the intensity of radia-
tion delivered within different parts of a radiation field. The improved ability
to distribute radiation dose has been used to decreased the dose delivered to
the scalp in an attempt to reduce treatment associated alopecia (110), and
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IMRT has also been used to improve dose homogeneity in WBRT (111),
although clinical trials comparing IMRT to conventional delivery techniques
have not been mounted.

IMRT has also been investigated as a means to spare the hippocampus of
the brain from radiation. Radiation induced neurotoxicity involves functions
that are associated with the hippocampus, including memory, learning, and
spatial information processing (112). Animal studies suggest that even low
doses of radiation (2 Gy) can cause damage to the hippocampus (113). Studies
investigating the use of conformal radiation techniques to avoid the hippocam-
pus while treating the rest of the brain are underway. Retrospective review of
patterns of brain metastasis shows that only 3.3 percent of all brain metastases
occur within the hippocampus and a § mm margin. Eight percent of all patients
(95 percent CI 3.5-15.2 percent) developed a brain metastasis within a § mm
margin of the hippocampus (114,115). Investigators argue that radiosurgery
could readily be used as salvage therapy for any patients who develop brain
metastases in the hippocampus after hippocampus-sparing WBRT.

Image guided radiation therapy (IGRT), which involves daily pretreat-
ment verification of the accuracy of targeting, has been used to deliver higher
daily doses to metastases more precisely while delivering conventional doses to
the rest of the brain (116). The role of IMRT and IGRT in the treatment of
brain metastases is still being investigated, and potential benefits to patients
from these more sophisticated therapies remains to be proven.

The use of SRS instead of WBRT after surgical resection has also been
investigated, and the crude local control rate (14 percent) at a median follow
up of 14.8 months (range 2.0-80.0 months) appears equivalent to WBRT.
Actuarial local control at 1 year was 79 percent. Investigators targeted the
resection cavity and a 0-2 mm margin for SRS. Theoretically, this technique
could avoid the side effects of irradiation of normal brain; because it is a focal
therapy, it will not affect the risk of intracranial recurrence elsewhere in the
brain (117). More investigation with longer follow up and toxicity metrics is
necessary before this becomes routine clinical practice.

Prophylactic Cranial Irradiation for Other Histologies

Long-surviving patients with advanced or metastatic HER2+ breast carcino-
ma treated with trastuzumab (Herceptin) have a high rate of metastatic brain
disease: 21 percent in one retrospective series (118). Because of this, a clinical
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trial of prophylactic cranial irradiation has been suggested as reasonable (119).
In addition, lapatinib (Tykerb), an oral small molecule inhibitor of the tyrosine
kinase activity of epidermal growth factor receptor (EGFR) and HER-2, is
being investigated in the setting of trastuzumab refractory HER2 + breast can-
cer metastatic to the brain (120). Lapatinib is a smaller molecule than
trastuzumab and is suspected to be more capable of crossing the blood-brain
barrier; it has been shown to have activity in brain metastases regrowing after
WBRT (121). Investigation of lapatinib in combination with WBRT = SRS for
established metastatic disease is ongoing (122).

Several randomized and nonrandomized trials have investigated the effi-
cacy of prophylactic whole-brain radiation therapy in non-small cell lung can-
cer (123-126). Although no survival benefit has been shown in these trials
individually, there is evidence of a reduction in the absolute incidence of brain
metastases (127). The RTOG is currently sponsoring an ongoing phase III
prospective randomized trial investigating the overall survival benefit from the
use of prophylactic cranial irradiation in non-small cell lung cancer (RTOG
0214) (128).
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Prognosis of Patients with Brain Metastases

Who Undergo Radiation Therapy
James B. Yu
Jonathan P.S. Knisely

The prognosis of patients with brain
metastases can be difficult to predict, but long-term survivors are very rare.
Five-year survivors are rare (2.5 percent), and ten-year survivors are extreme-
ly rare (<1 percent) (1). For this reason, therapy for brain metastases must bal-
ance appropriately aggressive therapy with considerations regarding individual
patient’s wishes and quality of life. To help physicians select the appropriate
individualized aggressive therapy for each patient based on the probability of
prolonged survival, multiple prognostic indexes have been created and will be
discussed in this chapter. In addition, the acute and chronic sequelae from

whole brain radiation therapy (WBRT) and from stereotactic radiosurgery
(SRS) will be discussed.

Prognostic Indexes

To help in the prediction of patient survival, several groups of investigators
have created prognostic indices. The most frequently used and validated index
is the Radiation Therapy Oncology Group (RTOG) recursive partitioning
analysis (RPA), which was created from an analysis of the 1,200 patients
enrolled in three RTOG trials conducted from 1979 to 1993 (2). Based on this
statistical analysis, three RTOG RPA classes were suggested involving four fac-
tors: 1) Age <65 or >=635, 2) Karnofsky performance status (KPS) =270 or <70
(Table 3.1), 3) Controlled or uncontrolled primary tumor, and 4) Presence or
absence of extracranial metastases (Table 3.2). RPA Class I included patients
<65 years old, KPS >70, with a controlled primary, and no evidence of
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TABLE 3.1 Karnofsky Performance Status

100 Normal, no signs of disease

90 Capable of normal activity, few symptoms or signs of disease

80 Normal activity with some difficulty, some symptoms or signs

70 Caring for self, not capable of normal activity or work

60 Requiring some help, can take care of most personal requirements
50 Requiring help often, requiring frequent medical care

40 Disabled, requiring special care and help

30 Severely disabled, hospital admission indicated but no risk of death
20 Very ill, urgently requiring admission and supportive measures or treatment
10 Moribund, rapidly progressive fatal disease processes

0 Death

extracranial metastases. RPA Class III included patients with KPS<70. RPA
Class II included all the remaining patients. The median survival time associat-
ed with the RTOG RPA classes according to the initial (and largest) study were
as follows: Class I-7.1 months, Class II-4.3 months, and Class III-2.3 months.
This RTOG RPA classification was validated retrospectively (3) and has been
extensively investigated in multiple clinical scenarios, with multiple interven-
tions and histologies (Table 3.3). For example, the RPA stratification has been
validated with an examination of patients who had been randomized in RTOG
91-04, a trial that examined accelerated hyperfractionation versus accelerated
fractionation of radiotherapy for brain metastases (4). For RPA Class I, the 91-
04 trial showed a median survival of 6.2 months; for Class II, the median sur-
vival was 3.8 months.

The RPA has additionally been validated in patients who have undergone
surgery followed by whole-brain radiotherapy (WBRT), with investigators

TABLE 3.2 RTOG Recursive Partitioning Analysis (RPA) Classification

CRITERIA

RPA Class | Age <65
Extracranial metastases not present

Primary tumor controlled
KPS >70

RPA Class Il KPS <70

RPA Class Il Not in Class | or Class Il
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TABLE 3.3 RTOG RPA for Brain Metastases—Validation Studies

RPA RPA RPA

STUDY CLASS | CLASS 11 CLASS 11l

FOCUS/ MEDIAN MEDIAN  MEDIAN

INITIAL SURVIVAL SURVIVAL SURVIVAL
AUTHOR N TREATMENT ~ (MONTHS)  (MONTHS) (MONTHS) P VALUE
Gaspar et al. 1200 Original RTOG 7.1 4.2 2.3 N/A
1997 (2) RPA Study
Nieder et al. 528  All patients 10.5 3.5 2.0 <0.05
2000 (3)
Gaspar et al. 445 RTOG 9104 6.2 3.8 N/A <0.0001
2000 (4) patients

(Hyperfraction-

ation vs.

Standard Tx)
Kocher et al. 138  WBRT 9 41 2.5 Not
2004 (55) reported
Saito et al. 270  WBRT + 6.2 4.2 3.0 <0.0001
2006 (51) surgery
Agboolaetal. 125  Surgery + 14.8 9.9 6.0 0.0002
1998 (5)° WBRT
Regine et al. 95 Single brain 10.9 9.8 N/A 0.45
2004 (52) metastases,

Surgery + WBRT
Tendulkar et al. 271 Surgery 21.4 9.0 9.0 <0.001
2006 (53) adjuvant therapy
Paek et al. 208  Surgery £ 16.1 7.2 1.4 <0.002
2005 (54) adjuvant therapy
Sneed et al. 268 SRS 14 8.2 5.3 <0.001*
2002 (14)
Chidel et al. 135 SRS 1.2 6.9 6.9 0.016
2000 (6)
Lorenzoni etal. 110 SRS + WBRT 27.6 10.7 2.8 <0.0001
2004 (11)
Devriendtetal. 267 SRS 22 12 3 <0.0001
2007 (25)
Kocher et al. 17 SRS 25.4 5.9 4.2 Not
2004 (55) reported
Sneed et al. 301 SRS + WBRT 15.2 7 5.5 <0.001*
2002 (14)
Sanghavi etal. 502 SRS + WBRT 16.1 10.3 8.7 0.000007
2001(56)

(continued on next page)
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TABLE 3.3 RTOG RPA for Brain Metastases—Validation Studies (continued)

RPA RPA RPA

STUDY CLASS | CLASS 11 CLASS 11l

FOCUS/ MEDIAN MEDIAN MEDIAN

INITIAL SURVIVAL SURVIVAL SURVIVAL
AUTHOR N TREATMENT (MONTHS) (MONTHS) (MONTHS) P VALUE
Weltman etal. 65 SRS + WBRT 20.19 7.75 3.38 0.0131
2000 (57)
Nam, et al. 84 1-3 metastases, 72 weeks 36 weeks 19 weeks Not
2005 (23) SRS reported
Serizawa et al. 752 1-4 metastases, 3.34 years 1.23 years 0.74 years Not
2007 (58) SRS reported
Viani et al. 171 Breast cancer, 1.7 6.2 3.0 <0.0001
2007 (59) WBRT
Muacevic et al. 151 Breast cancer, 34.9 9.1 7.9 <0.0001
2004 (60) SRS + WBRT
Harrison etal. 65 Melanoma 6.5 3.5 2.5 0.0098
2003 (61)
Buchsbaumet 74 Melanoma 10.5 5.9 1.8 <0.0001
al. 2002 (62)
Radbill et al. 51 Melanoma, 57 weeks 20 weeks 20 weeks 0.003
2004 (63) SRS + WBRT
Mathieu et al. Melanoma, SRS 12.7 4.9 2.3 <0.0005
2006 (64)
Gonzalez- 24 Melanoma, SRS 5.9 3.7 3 Not
Martinez et al. reported
2002 (65)
Chang et al. 189 Melanoma, 9.5 7.5 2.99 0.002
2005 (66) sarcoma, and

renal cell

carcinomas,

SRS + WBRT
Cannadyetal. 46 Renal cell 8.5 3 9.6 0.0834
2004 (67) carcinoma
Muacevic et al. 85 Renal cell 24.2 9.2 7.5 0.04 **
2004 (68) carcinoma, SRS
Rodrigusetal. 250  Non-small 4.8 2.8 2 0.0029
2001(69) cell lung cancer
Galbas et al. 72 Non-small 7 5 3 Not
2006 (70) cell lung cancer reported
Videtec et al. 154 Small cell 8.6 4.2 2.3 0.0023
2007 (71) lung cancer

(continued on next page)
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TABLE 3.3 RTOG RPA for Brain Metastases—Validation Studies (continued)

RPA RPA RPA

STUDY CLASS | CLASS 11 CLASS 11l

FOCUS/ MEDIAN MEDIAN  MEDIAN

INITIAL SURVIVAL SURVIVAL SURVIVAL
AUTHOR N TREATMENT ~ (MONTHS)  (MONTHS) (MONTHS) P VALUE
Kim et al. 13 Epithelial 26 4 4 0.007
2007 (72) ovarian

carcinoma
Ogawa et al. 36 Esophageal 17.1 4.7 1.8 0.006
2002 (73) carcinoma
Nieder et al. 113 24 brain Too small 3.6 4.2 <0.2
2003 (74) metastases to calculate
Nam et al., 46 24 brain Not enough 36 weeks 13 weeks Not
2005 (23) metastases, SRS patients reported
Bhatnagar et al. 205 24 brain 18 9 3 <0.00001
2007 (24) metastases, SRS
Bartelt et al. 47 Unknown No patients 6.3 3.2 0.01
2003 (75) primary

*p value reported for entire cohort, SRS alone and SRS + WBRT (n=569)
**p value reported for RPA Class | versus Class Il and Ill. Class Il was not significantly different from Class III.

reporting survival of 14.8 months, 9.9 months, and 6.0 months for RPA Class
I, I1, and III respectively (p=0.0002) (5). These values compare favorably to the
values assigned to patients who do not undergo therapy, indicating improved
survival in patients who are selected as able to undergo this aggressive thera-
py. The RPA has also been validated for patients undergoing stereotactic radio-
surgery (SRS) (6).

In spite of the large numbers of studies that report survival and other data
by RTOG RPA class, RPA classification scheme has been criticized (7). One
reason for the criticism is that RPA classes II and III encompass an inhomoge-
neous group of patients and that RPA Class III is based solely on KPS, which
can be a subjective factor. In addition, there is no generally accepted definition
of extracranial disease control, nor any generally accepted definition of con-
trolled primary tumor, and this, when coupled with the inconsistent availabil-
ity of modern staging studies in retrospective series, may cause even more sig-
nificant heterogeneity in study populations within the same RPA class. Still, the
large number of papers that have reported results stratified by RPA class makes
the system useful as a general framework, and if carefully applied, the RPA
classification scheme is a reliable framework for selection of patients for study.
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TABLE 3.4 Score Index for Radiosurgery in Brain Metastases

0 1 2
Age (years) 260 51-59 <50
KPS <50 60-70 80-100
Systemic disease status Progressive disease Partial remission Complete clinical
or stable disease remission or no

evidence of disease
Number of brain lesions >3 2 1

Largest lesion volume >13 cm?® 5-13 cm3 <5 cmd

Patients are scored for each factor, and the total score is the patient’s SIR score.

(From Weltman E, Salvajoli JV, Brandt RA, et al. Radiosurgery for brain metastases: A score index for predict-
ing prognosis. Int | Radiat Oncol Biol Phys 2000;46:1155-1161.)

Other prognostic systems have been developed besides the RTOG RPA clas-
sification. The Score Index for Radiosurgery (SIR) was developed by Weltman et
al. (8), and several studies report that it more accurately predicts survival and
other outcomes in patients who undergo stereotactic radiosurgery for brain
metastases (9—11). Under the SIR scheme, patients are assigned scores from 0 to
10, based on 5 factors: age, KPS, status of systemic disease, number of brain
metastases, and the volume of the largest intracranial lesion (Table 3.4). SIR
scores for patients who have undergone radiosurgery have been reported in sev-
eral papers (Table 3.5). One of the features differentiating the SIR score from
RPA class is the accounting for number of intracranial metastatic lesions. This
may be an important distinction, as some authors observed that an increasing
number of brain metastases treated with SRS has been associated with poorer
survival rates (12-14), while some authors have not noted a difference (15-18).
Still, most randomized trials investigating the efficacy of stereotactic radiosurgery
have required 4 or less lesions for eligibility (18-22). Notably, other investigators
have reported that SRS still improves survival in patients with four or more
metastatic lesions (23) and that the total volume of brain metastases, rather than
the absolute number of metastases, should be considered when determining the
prognosis of patients with brain metastases who undergo SRS (24).

A third simplified Basic Score for Brain Metastases (BSBM), suggested by
Lorenzoni et al. (11), appeared to be accurate for estimating survival in patients
who had undergone radiosurgery, based on three factors: KPS, control of pri-
mary disease, and presence of extracranial metastases (Table 3.6). Based on
their retrospective study of 110 patients treated from 1999 to 2003, patients
with a BSBM score of 3 had yet to reach median survival (55 percent survival
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TABLE 3.6 Basic Score for Brain Metastases

BSBM SCORE
0 1
KPS 50-70 80-100
Control of primary disease No Yes
Extracranial metastases Yes No

A score of 0 or 1 is assigned for each of three categories: KPS, control of primary disease, and whether or not
extracranial metastases are present. The total score is the sum of each category score, and ranges from 0 to 3.

(From Lorenzoni, J, Devriendt D, Massager N, et al. Radiosurgery for treatment of brain metastases:
Estimation of patient eligibility using three stratification systems. Int  Radiat Oncol Biol Phys 2004;60:218-224.)

at 32 months). Patients with BSBM scores of 2, 1, and 0, had median survival
of 13.1, 3.3, and 1.9 months, respectively (p<0.0001). Other investigators have
not yet validated this prognostic system. This paper was updated in 2007, and
patients with a BSBM score of 3 had a median survival of 23 months (25). At
this reanalysis, the authors felt that the BSBM was equivalent to the other prog-
nostic systems (RTOG RPA and SIR scores). The BSBM score was also validat-
ed in a prospective cohort of 157 patients, and patients with BSBM scores of 3,
2, 1, 0 points had median survival of 27, 13, 7, and 3.5 months (26).

A fourth, novel prognostic index is the Graded Prognostic Assessment or
GPA (27). The GPA was produced by evaluating 1960 patients from the RTOG
database. Four factors are considered (Table 3.7): age, KPS, extracranial
metastases (none, present), and number of metastases (1, 2-3, >3). The GPA,
in comparison to the RTOG RPA, SIR score, and BSBM score, was found to
be a better prognostic tool for this large cohort of patients. Median survival
time for a GPA of 0-1, 1.5-2.5, 3, and 3.5-4 was 2.6, 3.8, 6.9, and 11 months

TABLE 3.7 Graded Prognostic Assessment (Sperduto Index)

SCORE 0 0.5 1.0
Age >60 50-59 <50
KPS <70 70-80 90-100
Number of CNS metastases >3 2-3 1
Extracranial metastases present none

A score of 0, 0.5 or 1 is assigned to each of 4 categories, and the sum of these four categories is the patient’s
score, ranging from 0 to 4.

(From Sperduto PW, Berkey B, Gaspar LE, et al. A new prognostic index and comparison to three other indices
for patients with brain metastases: an analysis of 1,960 patients in the RTOG database. Int J Radiat Oncol Biol
Phys 2008;70:510-4.)
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(p=0.001). Further validating studies are necessary before widespread adop-
tion of this prognostic index.

In addition to the prognostic factors that go into the RTOG RPA, SIR
scores, BSBM scores, and GPA (age, KPS, number of lesions, status of extracra-
nial disease, volume of largest lesion, control of primary tumor), there are
other patient characteristics that are assumed to affect prognosis. Some
research suggests that breast cancer histology promotes better survival rates
and a better response to radiotherapy (12,28). RTOG 95-08, which random-
ized patients to WBRT versus SRS + WBRT for brain metastases, provided evi-
dence of an improved response to the addition of boost radiation with SRS for
lung primaries (18,29).

Another factor that may improve survival in patients with brain metas-
tases who undergo whole-brain radiation is the early detection and aggressive
treatment of brain metastases. A single-institution study of early detection of
brain metastases for resected non-small cell lung cancer using computed
tomography (CT) for screening purposes showed a median survival for asymp-
tomatic patients of 25 months and a 5 year survival of 38 percent, although
these statistics were skewed by a single patient who was alive at 67 months
without disease after surgical resection and chemoradiation for a single 15mm
metastasis (30). MRIs have been shown to detect brain metastases at smaller
sizes and have a higher preoperative detection rate, though no survival benefit
has been proven when MRI is compared to CT (31).

Retrospective predictors for long-term survival (>5 years) after a diagno-
sis of brain metastases included age (younger than 65), control of the primary
at diagnosis, no other systemic disease, RPA Class I, and single brain metasta-
sis at diagnosis. In addition, being selected for treatment with surgery or SRS
was also retrospectively predictive for long-term survival (1).

Sequelae from Radiation Treatment

Radiation treatment for brain metastases can result in both acute and chronic
toxicity. The most commonly used metrics for reporting toxicity from radiation
are the National Cancer Institute’s (NCI) common toxicity criteria (32) and
RTOG CNS toxicity grading (Table 3.8).

Acute side effects from WBRT may include scalp irritation and skin peeling,
alopecia, nausea/vomiting, loss of appetite, fatigue, and occasional hearing loss,
most of which disappear soon after the completion of radiation therapy (18).
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TABLE 3.8 CTC Version 2 and RTOG Common Toxicity Grading

CTC Cognitive disturbance/learning problems

Grade 1 Cogpnitive disability; not interfering with work performance; preservation of
intelligence
Grade 2 Cognitive disability; interfering with work performance; decline of 1 standard

deviation or loss of developmental milestones

Grade 3 Cognitive disability, resulting in significant impairment of work performance,
cognitive decline >2 standard deviations

Grade 4 Inability to work/frank mental retardation

CTC Memory loss

Grade 1 Memory loss not interfering with function

Grade 2 Memory loss interfering with function, but not interfering with activities of
daily living

Grade 3 Memory loss interfering with activities of daily living

Grade 4 Amnesia

RTOG CNS Toxicity Grading

Grade 1 Mild neurologic symptoms; no medication required

Grade 2 Moderate neurologic symptoms; outpatient medication required

Grade 3 Severe neurologic symptoms; outpatient or inpatient medication required

Grade 4 Life-threatening neurologic symptoms (e.g., uncontrolled seizures, paralysis,

or coma); includes clinically or radiographically suspected radionecrosis and
histologically proven radionecrosis at the time of an operation

Grade 5 Death

Long-term side effects are the subject of continued study. Previously,
whole-brain radiation was thought to be associated in long-term survivors with
a high rate of dementia, ataxia, incontinence, and even death. DeAngelis et al.,
in a frequently cited paper, initially reported a high rate of dementia (11 per-
cent) in long-term survivors of WBRT and attributed this to the radiation (33).
However, the fraction sizes used during the era reported were often higher (4
to 8 Gy) than the currently accepted standard (2 to 3 Gy). The possible contri-
bution of chemotherapy or other factors, including systemic disease progres-
sion, was not assessed. In patients who had lower fraction sizes, toxicity was
more acceptable. This is likely due to the radiobiological effect of high fraction
sizes on late responding tissues in the central nervous system (34,35). Dementia
has also been seen in patients who undergo standard fraction (2 to 3 Gy) treat-
ment, but to higher cumulative doses than are the currently accepted standard,
either because of re-treatment or regional boost (1).
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Studies with a quick follow-up have found that neuropsychological func-
tion was impaired prior to irradiation, possibly due to the presence of the exist-
ing metastases or from chemotherapy administered before (36-38) that there is
no difference in neuropsychological function as a result of using different tech-
niques (39-41) or that there are only subtle and nondebilitating sequelae, such
as mild impairment of memory function (42).

Neurocognitive sequelae have recently been studied prospectively in a
trial comparing WBRT to WBRT and motexafin gadolinium (43). This trial
utilized 6 neurocognitive tests to assess the subtle changes that are seen in
response to radiotherapy. Indeed, recent analysis of the control arm (WBRT
alone) of this trial showed an improved survival and neurocognitive function
in patients with radiographic improvement in tumor size (44). Good respon-
ders, defined as those with aggregate tumor shrinkage of at least 45 percent by
volume, showed improved or stable executive function and coordination. In
addition, good responders had a significantly longer median survival than poor
responders (300 days versus 240 days, p=0.03). This must be regarded as
encouraging, especially in comparison to prior reports that indicated worsened
neurocognition and memory loss are sequelae of WBRT.

Other follow-up research has focused on patients undergoing prophylac-
tic cranial irradiation (PCI) as opposed to treatment for existing brain metas-
tases. Gregor et al. followed 9 patients with neurocognitive testing for over 2
years and could detect no overall difference in function between patients with
small cell lung cancer who received PCI and those who did not (45).

A European review of 64 long-term survivors after PCI suggested that
many patients had measurable neuropsychometric deficits though it appeared
that effects on quality of life were minor (46). Whereas 95 percent of patients
had an Eastern Cooperative Oncology Group (ECOG) performance status <1,
only 19 percent performed at the level expected for their age and intellectual
ability on all neuropsychometric testing. Fifty-four percent demonstrated
impairment on two or more tests, suggesting significant cognitive dysfunction.

Kondziolka et al. reviewed the University of Pittsburgh experience (47)
and identified 44 patients who had survived for more than 4 years after stereo-
tactic radiosurgery for brain metastases. The median age was 53, and median
KPS was 90. In comparison to shorter-lived patients, longer surviving patients
had a higher KPS, fewer brain metastases, and less extracranial disease.
Interestingly, overall survival was still prolonged in some patients, even with

the presence of multiorgan metastatic disease.
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Sequelae from stereotactic radiosurgery for brain metastases have been
described retrospectively and in randomized trials. Expected acute and chron-
ic toxicity is acceptable with carefully defined doses (48) that are tailored to
the volume of the metastases. Acute toxicity that can occur within 3 months of
treatment includes fatigue, hearing or ocular symptoms, nausea/vomiting,
headache, lethargy, and seizure. Death that occurs within 3 months of treat-
ment due to radiosurgery is extremely rare. Grade 3 or 4 acute toxicity occurs
in 0-8 percent of cases (18,22,29,49). Grade 3, 4 or 5 late toxicity, in the form
of radiation necrosis, leukoencephalopathy, late seizures, headache, lethargy,
cerebral edema requiring outpatient or inpatient treatment, and other sequelae
more than 3 months after treatment, were reported as occurring in 10-20 per-
cent of patients, in the context of a dose escalation trial (48). The incidence of
radionecrosis has been reported from <1 percent to as high as 11 percent
(18,48,50). In randomized trials investigating SRS, late Grade 3 toxicity occurs
in approximately 0-3% of treated patients, and Grade 4 toxicity occurs in 0-3
percent (18,22,48). Grade 5 toxicity is very rare when doses of SRS are chosen
using the guidelines for RTOG 90-05 (48).

Conclusion

In summary, patients with brain metastases have a varied prognosis, which is
almost uniformly poor, with rare long-term survivors. RTOG RPA classifica-
tion is a general framework that has been validated for various treatments
including surgery, SRS, and WBRT. The RTOG RPA classification can give
general recommendations regarding likely survival. For patients who undergo
stereotactic radiosurgery, the SIR or GPA score may be more accurate and may
also be helpful in identifying patients who may be long-term survivors. Severity
of long-term sequelae from radiotherapy is difficult to predict, given possible
preexisting neurocognitive deficits, side effects of chemotherapy, and from
tumor burden itself. Patients who respond favorably to radiation may actually
have improved cognition compared to their pretreatment baseline. However,
the goal of any therapy is palliative, as almost all patients ultimately succumb

to their disease.
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Cerebral metastases contribute to an
immense health problem because a large proportion of patients diagnosed with
metastatic brain tumors will die between 3 and 6 months from the time of diag-
nosis. Metastases of the central nervous system that are untreated lead to
increased intracranial pressure (ICP) resulting in progressive neurologic deteri-
oration and death in one to two months (1,2). Approximately 98,000 to
170,000 new cases of brain metastases are diagnosed in the United States
annually (3-6).They are ten times more common than primary brain tumors.
According to autopsy studies, the incidence of brain metastases in patients with
systemic cancer ranges from 24 to 45 percent (4,7,8). Advances in operative
techniques have rendered more brain metastases surgically accessible, but a
myriad of factors must be taken into account when deciding upon the overall
treatment plan for a patient. The following discussion will focus on the role of

surgery in the treatment of brain metastases.
Clinical Presentation

Symptomatology

The clinical presentation of patients harboring brain metastases will vary and be
contingent upon a variety of factors. Ten percent of patients without neurologic
symptoms or signs have metastases that are discovered incidentally with head
computed tomography (CT) or magnetic resonance imaging (MRI) (9).
Approximately 20 percent of patients with brain metastases will present with
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seizures due to adjacent cerebral cortical injury (9). Persistent headaches and cog-
nitive abnormalities are among other common symptoms. Headache is the pre-
senting symptom in 40 to 50 percent of patients, and more common with multi-
ple metastases and posterior fossa lesions. Approximately 40 percent of patients
may present with focal neurological deficits. The intracranial anatomic location
and size of metastases determine the extent of neurologic manifestations.

Metastases adjacent to or located within eloquent cortex produce symp-
toms corresponding to the function dictated by that area of brain. Nearly 80
percent of intracranial metastases are located within the cerebrum (8,10).
Lesions near or situated in the precentral gyrus (Brodmann’s area 4), or motor
cortex, may cause contralateral hemiparesis or hemiplegia. Those metastases
located adjacent to the motor cortex usually produce deleterious effects from
mass effect because of large size and/or vasogenic edema. Metastases affecting
the postcentral gyrus (Brodmann’s areas 1, 2, and 3), or sensory cortex, may
cause contralateral sensory abnormalities, and those in the occipital cortex
may result in a homonymous hemianopsia. Lesions in the dominant hemi-
sphere frontal operculum, Broca’s area (Brodmann’s area 44), may affect
expressive speech, while lesions in Wernicke’s area, which includes Brodmann’s
areas 39 and 40 and may include the posterior third of the superior temporal
gyrus, could produce deficits in receptive language.

Furthermore, metastases to the cerebellum, which account for 15 percent
of intracranial metastases may cause gait and/or upper extremity ataxia
(8,10). Significant mass effect from size and/or edema may result in efface-
ment of the fourth ventricle that could result in obstructive hydrocephalus and
increased intracranial pressure. In addition, mass effect upon the brain stem
may produce subsequent stupor, coma, and/or death. Cranial nerve dysfunc-
tion may result from brain stem metastases, which account for 5 percent of
intracranial metastases, depending upon the location (8,10). Patients may
present with diplopia, facial weakness, facial sensory abnormalities, and/or
vestibular dysfunction.

Significant mass effect from large supratentorial metastases and/or edema
usually leads patients to become symptomatic. Patients may have headaches
and/or altered mental status, which may resemble a metabolic encephalopathy,
from midline shift and increased intracranial pressure. Hydrocephalus may
arise from impingement at the foramen of Monro. Hemorrhage into intracere-
bral metastases, which is more common with renal cell carcinoma, melanoma,

thyroid, breast, lung, and choriocarcinoma, results in transient or permanent
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FIGURE 4.1 Noncontrast
head CT demonstrating hemor-
rhagic brain metastases in a
patient with known renal cell
carcinoma.

neurologic deficits if eloquent cortex is involved (Figure 4.1). In addition, hem-
orrhage may elicit more edema and a precipitous elevation in intracranial pres-
sure potentially leading to subfalcine and/or transtentorial herniation.
Hemorrhagic cerebellar metastases may also cause significant mass effect
upon the fourth ventricle leading to obstructive hydeocephalus from the hematoma
and/or the generation of substantial edema. Moreover, a large hematoma and/or
significant edema may cause a precipitous decline in mental status from brainstem

compression.

Neuroimaging

The detection and management of brain metastases are usually performed with
head CT and MRI. During the CT era (Figure 4.2), approximately 50 percent
of brain metastases were presumed to be single, whereas the advent of MRI
revealed that multiple metastases can be found in 60 to 75 percent of patients
(11,12). A peripheral location, spherical shape, ring enhancement with peritu-
moral edema, and multiple lesions suggest metastatic disease, but a differential
diagnosis should include primary brain tumors, such as malignant gliomas and
lymphomas, and nonneoplastic pathologic processes, such as abscess, other
infectious processes, tumefactive multiple sclerosis, or stroke. Eleven percent of
biopsy specimens of brain tissue revealed primary brain tumors or infections in
one prospective study of patients with systemic cancer who were thought to
have a single brain metastasis (13).

Acutely symptomatic patients without known brain metastases may pres-
ent to an emergency department where a noncontrast CT is usually done as an
initial diagnostic tool to detect any potential neurosurgical emergencies.
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FIGURE 4.2 Noncontrast (A) and contrast-enhanced (B) head CT revealing a brain metastasis
with vasogenic edema in a patient with known lung cancer.

Metastases are hypodense or isodense with associated vasogenic edema.
Hemorrhagic lesions will be hyperdense. If a brain mass is detected, a contrast-
enhanced MRI is the next study of choice. An MRI may be conducted as part
of the staging work-up in asymptomatic patients with certain types of primary
malignancies, such as non-small cell lung carcinoma.

MRI provides high resolution and excellent anatomic detail of the lesion
and adjacent structures. The administration of gadolinium may demonstrate
multiple contrast-enhancing lesions situated near the gray-white junction.
Without contrast, these lesions may demonstrate mild T1 hypointensity, T2
hyperintensity, and FLAIR hyperintensity. Leptomeningeal metastases are
observed as curvilinear or nodular pial enhancement on contrast-enhanced
T1W1 and FLAIR images along the basal cisterns or sulci in 35 percent of
patients, hydrocephalus in 13 percent, and cranial nerve deposits in 11 percent
(14). Patients with intracranial leptomeningeal disease should be further eval-
uated with imaging of the spine.

Patients with a known primary cancer may present with chronic subdur-
al hematomas that are induced by underlying dural metastases (15). Pulmonary
adenocarcinoma, squamous cell carcinoma, systemic breast carcinoma,
prostate carcinoma, and renal cell carcinoma can produce dural metastases
(Figure 4.3) (16-18).
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FIGURE 4.3 Sagittal T1 contrast-enhanced MRI demonstrating a dural-based prostate cancer
metastasis over the right parietal lobe.

Patient Stabilization

Headaches and mild neurologic deficits in patients with brain metastases not
in extremis are usually caused by edema associated with these lesions. Patients
should be started on dexamethasone following an MRI finding consistent with
metastases. Dosages vary according to practitioner, but a loading dose of 10 to
20 mg is usually given, followed by 4 to 6 mg every six hours daily. High doses
used in the acute period should be tapered to the lowest effective dose as soon
as feasibly possible to minimize side effects, such as immunosuppression,
hyperglycemia, myopathy, and weight gain. The reduction in symptomatic
edema usually becomes clinically evident within 24 to 48 hours after corticos-
teroid administration. After surgical and/or radiation treatment, the steroids
are typically tapered further, although chronic steroid dependence for persist-
ent edema has been observed in patients treated with radiosurgery because per-
itumoral edema can be exacerbated by radiation effects (19). For those patients
with chronic steroid use or extensive edema, a slower taper rate should be used
to prevent rebound edema.

Patients presenting with signs of increased intracranial pressure, such as
headache, nausea, and vomiting, or alterations in mental status, or with focal
neurologic deficits, such as aphasia, hemiparesis, or ataxia, should be evaluat-
ed by a neurosurgeon. The findings of mass effect and midline shift, as demon-
strated by an initial head CT or MRI, are an indication for immediate neuro-
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surgical evaluation. These patients should be admitted to the hospital and
started on high-dose steroids. Patients with acutely deteriorating clinical exam-
inations should be evaluated urgently by a neurosurgeon, since emergent treat-
ment will likely be needed. If the patient’s clinical exam acutely deteriorates,
intracranial pressure should be managed through intubation, hyperventilation,
and the administration of mannitol at a starting dose in the range of 0.5 to 1.0
gm/kg, which can be repeated every four to six hours. Obstructive hydro-
cephalus, as demonstrated by a head CT, should be managed with the place-
ment of a ventriculostomy for cerebrospinal fluid diversion.

Emergent operative management is usually warranted for large, surgical-
ly accessible hemorrhagic metastases, especially those localized in the cerebel-
lum, to reduce intracranial pressure. Deep hemorrhagic metastases, such as
those located in the brain stem or basal ganglia, are usually managed medical-
ly but should be evaluated by the neurosurgeon.

Patients presenting with a seizure should be placed on an antiepileptic
drug to prevent future seizures. For those patients without a history of seizures,
the American Academy of Neurology, based upon a meta-analysis, recom-
mends that these drugs should be prescribed only to patients at risk for seizure,
and the lowest effective dose should be utilized (20).The data review conclud-
ed that prophylactic antiepileptic drugs did not seem to significantly reduce the
risk of a first seizure, and side effects were common in 20 to 40 percent of
patients. In the immediate postoperative period, antiepileptic medications are
given. The length of time varies from a few weeks to a few months.

Surgical Indications and Patient Selection

Tumor Histology

Tumor histology plays an important role in preoperative staging because radi-
ation and chemotherapy sensitivities must be taken into account to determine
the proper course of initial and/or adjuvant treatment. Staging of the tumor
with size, location, and metastases, and grading of the tumor according to
histopathologic findings, allow for the estimation of prognosis, and determina-
tion of which patients will be candidates for surgical resection. A brain metas-
tasis with a known radiosensitive primary cancer may be suitable for radiation
treatment in the appropriate clinical context, such as small size (less than 3 cm)

and asymptomatic. Metastatic lesions from small cell lung cancer, germinoma,
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choriocarcinoma, and lymphoma are very radiosensitive, whereas those from
non-small cell lung cancer, breast cancer, and colon cancer are intermediately
radiosensitive. Renal cell carcinoma, melanoma, and sarcoma metastases are
relatively insensitive to radiation treatment. Metastases from an unknown pri-
mary cancer are usually diagnosed by surgical specimens, even after thorough
imaging evaluations, and lung cancer is the most common histology.

The most common origin for brain metastases is lung cancer, and approxi-
mately 20 percent of patients are affected (21). Up to 10 percent of patients with
small cell lung cancer (SCLC) will present with brain metastases, and approxi-
mately 50 percent will develop brain metastases during the course of the disease
(22). SCLC brain metastases are usually multiple and grow at a rapid rate. Whole-
brain radiotherapy (WBRT) is the standard of care for SCLC brain metastases
because of its radiosensitivity. Non-small cell cancer (NSCLC) brain metastases
typically occur less than one year after diagnosis, and a significant proportion of
affected patients have synchronous metastases, in which the metastases present at
the time of the lung lesion. The role of prophylactic cerebral irradiation (PCI) has
been investigated in patients with locally advanced stage IIl NSCLC because of the
high risk of brain metastasis development, and preliminary results have shown
some promise, although more clinical trials are warranted (23,24). A retrospective
study analyzed the records of 24 non-small cell lung cancer patients who under-
went resection of solitary brain metastases without any evidence of systemic
metastases (25). Major prognostic factors were the size of the primary tumor
(5.0 cm or >5.0 cm), the degree of differentiation of the primary tumor (poor or
moderate), operation at the primary site (lobectomy or pneumonectomy), and the
elapsed interval between resection of the primary tumor and craniotomy for resec-
tion of the brain lesion (€360 days or >360 days).

In about 5 to 10 percent of patients with renal cell carcinoma, metastases
to the brain usually occur two to three years after diagnosis, but may occur sev-
eral years later (21,26,27). Von Hippel-Lindau syndrome should be considered
in renal cell carcinoma patients with a posterior fossa lesion(s) because cerebel-
lar hemangioblastomas are common. Moreover, approximately 7 percent of
patients with melanoma develop brain metastases, and they usually occur sev-
eral years after diagnosis of the primary lesion (21,28,29). As previously men-
tioned, melanoma brain metastases have a reputation for being radioresistant
but have been shown to be sensitive to radiosurgery (30-33).

Breast cancer brain metastases occur in 5 percent of affected patients and

are more common in younger patients (21,27,34). They are rarely the only site
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of metastatic involvement and are typically accompanied by systemic metas-
tases (35). Some brain metastases may be dural-based and mimic meningiomas.
Because many systemic metastases are chemosensitive with periodic lengthy
survival, aggressive treatment of brain metastases with surgical resection
and/or radiosurgery is often advocated (36).

Colorectal carcinoma results in brain metastases in approximately 2 per-
cent of patients, and the posterior fossa is a common location (Figure 4.4)
(21,27). These are associated with a poor survival, while brain metastases from
esophageal carcinoma are becoming more common due to the improved sur-
vival from locally advanced disease (37,38). Both histologic types usually pro-
duce cystic lesions that can progress rapidly (35).

Prostate and ovarian carcinomas are rare sources of brain metastases that
occur in less than 1 percent of patients. When brain metastases, which have a
propensity for the cerebellum and dura, are detected in patients with prostate
cancer, these patients usually have systemically advanced disease (39). In con-
trast, brain metastases from ovarian cancer are often the only metastatic site,
and the median time between diagnosis of the primary lesion and metastasis is
approximately two years (40,41).

The role of primary tissue histology in determining overall outcome was
emphasized in a retrospective study that analyzed 187 consecutive patients

FIGURE 4.4  Preoperative (A) and postoperative (B) T1 contrast-enhanced axial MR images in a
patient with a left occipital colorectal carcinoma metastasis.
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who underwent surgical resection of brain metastases (42). The primary can-
cers included lung cancer (85), gastrointestinal cancer (20), renal cell cancer
(19), breast cancer (17), malignant melanoma (8), and 38 cases of various
other carcinomas, including those of unknown primary site. Of these 187
patients, 111 received WBRT after tumor resection. The presence of systemic
disease, preoperative Karnofsky performance status (KPS), lesion number,
lesion size, location, nature of adjuvant radiation therapy, and histology of the
primary tumor were evaluated as prognostic indicators. Tumor histology had
the most significant influence on survival time, and breast cancer patients
exhibited the longest survival time, while patients with metastases from renal
cell cancer and malignant melanoma had the worst prognosis.

Lesion Size

When deciding upon a treatment modality for brain metastases, the size of the
lesion must be taken into consideration. Operative resection is the preferred
treatment modality for tumors larger than 3 ¢cm in maximum diameter. The
goal of surgery is to relieve the mass effect, improve neurologic deficits, and
achieve local tumor control. Radiosurgery is usually performed for lesions
smaller than 1 cm. For lesions between 1 and 3 cm, no prospective randomized
studies have demonstrated clinical superiority of either surgical resection or
radiosurgery. Radiosurgery should be performed for those patients with a poor
KPS score, extensive systemic disease, or for high-risk surgical candidates.
Otherwise, surgical resection should be considered for this group, especially if
a lesion has extensive peritumoral edema that could be exacerbated with radi-
ation treatment (Figure 4.5) (13).

Patient Selection

Patients with brain metastases should have a carefully tailored treatment plan
because not all patients will benefit from surgical resection of their lesions.
Nearly 50 percent of patients with one or two metastases will not be candi-
dates for surgery because of extensive systemic disease, lack of metastasis sur-
gical accessibility, or other factors. Traditionally, patient selection has been
based upon who will benefit from surgery and will utilize criteria that includes
good performance function as assessed by the Karnofsky performance scale
(KPS) score, a single and surgically accessible metastasis, and stable or absent
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FIGURE 4.5 T1 contrast-enhanced (A) and T2-weighted (B) axial MRl demonstrating a left
frontal lobe renal cell cancer metastasis with extensive peritumoral edema. The patient underwent
surgical resection of this lesion.

extracranial metastases (43). The KPS ranks patients on their ability to execute
activities of daily life, with scores of 70 or above having the best outcome (44).
Life expectancy based on systemic disease should be greater than three months
for surgery to have a survival benefit. Recently, a new classification scheme has
been proposed to categorize patients according to suitability for surgical resec-
tion of brain metastases.

The Radiation Therapy Oncology Group (RTOG) developed the recursive
partitioning analysis (RPA) class, a statistical method of classifying patients
that includes KPS score, patient age, and the status and extent of extracranial
disease, based upon the investigation of 1,200 patients with brain metastases
(45). RPA Class I patients are characterized by age (65 years or less), a KPS
score of 70 or higher, and the absence of extracranial metastases, with good
control of systemic disease. These patients are considered the best candidates
for surgical resection. Patients in RPA Class II have a KPS score of 70 or high-
er but may also be older than 65 and have uncontrolled systemic disease and
other systemic metastases. Consideration of surgical extirpation of their brain
metastases requires analysis of operative risks and duration of survival. RPA
Class III patients have a KPS score less than 70, have the poorest prognosis,
and are usually regarded as poor surgical candidates (46).The status of the pri-
mary disease is usually evaluated with positron emission tomography (PET)
and CT scans of the chest, abdomen, and pelvis, in addition to a bone scan and

quantitative measurement of serum tumor markers, if applicable (47).
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Several other important factors need to be taken into consideration in
addition to the RPA classification for the surgical decision-making process. A
symptomatic patient may require surgical resection if there is significant mass
effect that may be life-threatening, to provide immediate symptom relief and to
improve the quality of life. Patients with extensive peritumoral edema and
refractory seizures may benefit from resection of the lesion(s). Surgical resection
is also warranted in cases in which confirmation of tissue histology is necessary.

The surgical accessibility and location of the lesion are of critical impor-
tance when determining the operative candidacy of patients with brain metas-
tases. Unless contraindicated, brain MR imaging is the study of choice for
localization of the lesion and assessing its proximity to eloquent cortex.
Modern microneurosurgical techniques have minimized the number of regions
within the brain considered inaccessible to the surgeon. However, a fine dis-
tinction must be made between resectability and accessibility. Factors that
determine resectability are whether the tumor is deep or superficial, and
whether it is within or near eloquent cortex. Metastases located within or adja-
cent to eloquent cortex, such as the motor cortex, Broca’s area, and Wernicke’s
area, are generally associated with a higher surgical morbidity than those locat-

ed in noneloquent cortex (Figure 4.6). Surgical resection of lesions in the thal-

FIGURE 4.6 Sagittal T1 MRI demonstrating general regions of Broca’s speech area (white
arrow) and Wernicke’s receptive speech area (black arrow).
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amus, brain stem, and basal ganglia are associated with a higher morbidity and
surgical treatment is recommended rarely.

Surgery is contradaindicated in patients harboring leptomeningeal dis-
ease. A study in 70 breast cancer patients, who underwent craniotomies for the
resection of brain metastases, demonstrated that the absence of leptomeningeal

disease was an independent predictor of prolonged survival (36).

Biopsy

For those brain metastases that are not amenable to surgical extirpation, or for
patients with a high operative risk, an excisional or stereotactic biopsy may be
performed for tissue diagnosis of the lesion. This includes lesions in the brain
stem, thalamus, and basal ganglia. Excisional biopsies are utilized for patients
in whom the entire lesion can not be safely debulked through a small cranioto-
my, but a tissue diagnosis is necessary for the appropriate subsequent treat-
ment. Frameless stereotactic biopsies are performed for deep lesions through
the utilization of a three dimensional computerized system. For frame-based
stereotactic biopsies, multiplanar stereotactic MR imaging is used to plan the
intraparenchymal approach. This approach is useful in patients for whom the
risk of general anesthesia is high, because this procedure can be conducted with

the administration of a local anesthetic with light intravenous sedation.

Surgical Management

Prior to the advent of CT imaging, operative resection of brain metastases was
uncommon. The resection of brain metastases became a standard treatment
option during the 1980s, and the annual number of craniotomies for brain
metastases in the United States almost doubled between 1988 and 2000 (35,48).
Moreover, the in-hospital mortality of craniotomies for these lesions declined
from 4.6 percent to 2.3 percent during this time period due to improved surgi-
cal techniques and technological advancements in neuroimaging (48).

Patients with brain metastases should have a thorough preoperative evalu-
ation. Patients with a RPA Class I status are favorable candidates for surgery. The
finding of brain metastases in a patient with known cancer raises the immediate
question of how to treat. Options include surgery, radiation, or a combination of
the two. The goal of treatment is to control the disease in the brain so that this
component of the patient’s cancer does not affect quality of life. Factors that are
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important in considering surgery include tumor histology, solitary or multiple
lesions, lesion location, and status of systemic disease. MR imaging is the study
of choice to detect multiple lesions, plan the craniotomy, and quantify the surgi-
cal risk to neurologic function (10,12). Surgical risk must be ascertained through
an extensive medical evaluation by performing a thorough history, physical
examination, and preanesthesia work-up. In patients with neurologic deficits, the
administration of preoperative corticosteroids may assist in distinguishing preop-
erative deficits related to the tumor in which symptoms may be irreversible from
those arising from peritumoral edema that are reversible.

The tumor relationship to eloquent cortex is of utmost importance in
assessing the surgical risk. Lesions located in or adjacent to these vital areas of
function carry more potential risk. However, tumors can be safely removed
even when in eloquent cortex as there is no brain tissue within the metastasis,
thus allowing the surgeon to resect safely without harm to the surrounding
brain. Therefore, location in or near eloquent cortical areas is not an absolute
contraindication to surgery.

A study of 400 consecutive patients who underwent craniotomies for
brain tumor resection found that 13 percent of patients had major neurologic
complications when the lesion was located in eloquent cortex, in contrast to an
incidence of 5 percent and 3 percent, respectively, for lesions located within
“near-eloquent” and “noneloquent” cortex (49). Preoperative functional neu-
roimaging has gained prominence because it assists the surgeon in visualizing
the relationship of tumor margins with eloquent cortex and helps determine if
the lesion is amenable to surgical resection. Preoperative imaging evaluation
begins with MRI with gadolinium. Additional imaging modalities are used to
assess the tumor’s relationship to eloquent brain areas. Four common imaging
modalities utilized are diffusion tensor imaging, functional MRI (fMRI),
positron emission tomography (PET), and magnetoencephalography (MEG).

Functional MRI has good spatial resolution and can acquire functional
and anatomic images simultaneously. Activation maps reflect hemodynamic
variations related to neuronal activity, in which blood oxygen level-dependent
imaging assesses changes in local tissue oxygenation to exploit magnetic prop-
erty changes of hemoglobin as an intrinsic contrast agent. Patients are instruct-
ed to perform tasks pertinent to a specific functional area of interest, which
should produce a signal on fMRI. A potential complicating factor is artifact
related to misregistration caused by patient motion that can be corrected to a

certain degree with the analysis software. This modality is advantageous in that
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it can interrogate the entire brain and be utilized for patients unable to under-
go an awake craniotomy for lesions in or near Broca’s or Wernicke’s areas.
Language testing with fMRI has exhibited an 85 to 87 percent correlation of
activation areas to within 1 cm of language identified by direct cortical electri-
cal stimulation (DCES) (50,51). Patients can perform receptive speech para-
digms by reading and/or confrontation naming for lesions impairing language
comprehension located in Wernicke’s area. Productive speech paradigms can be
performed by patients with lesions impairing speech production, or located in
Broca’s area. Visual or aural multiple-choice questions are administered for
patients with lesions that cause fluent aphasia with impaired comprehension
but preserved repetition. The motor cortex, or precentral gyrus, can also be
evaluated, but if the patient exhibits motor weakness or impairment, the pro-
tocol may be modified with the use of passive or tactile sensory stimulus par-
adigms in contrast to active sensorimotor paradigms (52).

Functional PET is a nuclear medicine study that can also be utilized to
localize eloquent cortex. T1-weighted anatomic MR images are co-registered
with PET data, and the contour rendering is performed on the basis of PET
data for the eloquent cortex and MRI data for the tumor margins.
Magnetoencephalography is a noninvasive technique that measures neuromag-
netic signals generated by bioelectric currents within activated neurons. This
imaging modality can localize primary sensory cortices and areas involved with
receptive language function.

Diffusion tensor imaging (DTI) can assist surgical planning with the iden-
tification of intact white matter tracts. This imaging modality constructs maps
of the major white matter tracts with tractography demonstrating potential
displacement, interruption, or widening of white matter tracts by the tumor.
The connections between the eloquent cerebral cortex and subcortical white

matter tracts to other areas of the brain and brain stem can be visualized.

Surgical Techniques

The neurosurgeon endeavors to achieve a gross total resection of the metastasis
and obtain clear margins while minimizing the removal of adjacent normal tis-
sue. Most metastatic lesions will have a well-defined margin, which facilitates
the microsurgical separation of the tumor from normal brain. Standard neuro-
surgical techniques employing neuronavigation and microsurgery are used to

safely remove these lesions. Patients are usually discharged after 2-3 days.
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Tumors in eloquent brain areas can be safely removed if a safe path to the
tumor exists. Stereotactic neuronavigation systems are essential, allowing for
localization of the tumor prior to skin incision, limiting the size of the incision
and craniotomy, and in planning the cortical incision. The surgeon should
avoid injury to vessels that may pass through or are located adjacent to the
tumor, as they may perfuse normal parenchyma. Subcortical lesions are
approached where they are closest to the surface, unless eloquent cortex pre-
cludes such an approach. The impact on neurological function of surgical
resection was evaluated in a retrospective study conducted between 1989 and
1996 (53). This study demonstrated that the early postoperative KPS score was
improved in 59 percent of patients, unchanged in 32 percent, and worsened in
9 percent. In addition, the study’s data provided good evidence that function is
either preserved or improved with microsurgical resection.

The surgical anatomy must be carefully examined to determine the rela-
tionship of the tumor with surrounding structures, as this will dictate the oper-
ative approach. Metastases may be categorized according to their relationship
to adjacent sulci and gyri (54,55). Cerebellar metastases can be classified as
either deep, vermian, or hemispheric, where hemispheric lesions can further be
subcategorized into lateral or medial (Figure 4.7). The relationship to adjacent
sulci and gyri can be used to classify supratentorial metastases. These lesions

FIGURE 4.7 Preoperative (A) and postoperative (B) T1 contrast-enhanced axial MR images in a
patient with a left cerebellar squamous cell carcinoma metastasis.
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may be found deep within a gyrus adjacent to a sulcus, under the cortex with-
in a gyrus, deep within the hemispheric white matter, or within the ventricular
system.

Patient positioning is vital, because the lesion should be at the top of the
operative field. Once the position of the head is determined, it is immobilized in
a head-holder, known as the Mayfield 3-pin clamp. The incision and cranioto-
my can then be planned with a stereotactic neuronavigation system. Moreover,
preoperative imaging should be correlated with known anatomic landmarks to
localize the lesion to corroborate findings with the neuronavigation system.

Selection of the most optimal surgical approach depends on the location
of the lesion and knowledge of the anatomy in the vicinity. For metastases
located just beneath the cortex, a transcortical approach with circumferential
dissection of the lesion is utilized. Metastases located deep within a gyrus adja-
cent to a sulcus or deep to a sulcus are typically approached by splitting the
sulcus leading to the tumor. The sylvian fissure can be split for metastases
located in the subinsular cortex, and the interhemispheric fissure may be split
for midline lesions. The transcortical or transsulcal approaches may be utilized
for lesions located deep within the white matter. The shortest transparenchy-
mal trajectory is typically used for cerebellar metastases.

Frameless stereotactic neuronavigation is useful in mapping the trajecto-
ry to the lesion, in addition to the aforementioned skin incision and cranioto-
my planning. Frameless stereotaxy is based upon merged preoperative MR
images and is fixed in time. Therefore, intraoperative changes, such as brain
shift, cannot be accounted for during the operation. Intraoperative ultrasound,
which can be used to visualize tumors beneath the surface of the brain, offers
the ability of real-time imaging, and changes in the tumor and brain shift can
be identified during the operation (56). Solid metastases appear homogenous-
ly hyperechogenic, while those with cysts or necrotic centers may be centrally
hypoechoic. The value of neuronavigation systems was investigated in a retro-
spective study which evaluated the postoperative outcome of 49 patients with
brain metastases, who had their surgeries conducted with neuronavigational
systems (57). Some patients required more than one craniotomy for their
lesions. The patients were grouped according to RPA class, and 23 cran-
iotomies were performed for metastases in eloquent areas, while 32 cran-
iotomies were performed in noneloquent cortex. The perioperative mortality
rate was 0 percent, and a gross total resection was achieved in 96 percent of

patients. For those patients, who were neurologically intact preoperatively,
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there were no postoperative neurologic deficits. Patients were symptomatic
preoperatively in 51 cases, and image-guided tumor resection resulted in com-
plete symptom resolution in 70 percent of patients, improvement in 14 percent,
no effect in 12 percent, and neurologic deterioration in 4 percent. With a mean
follow-up of one year, the median survival was 16.23 months, and 17.5, 22.9,
and 9.8 months for RPA classes I, II, and III, respectively, when further strati-
fied. The local recurrence rate was 16 percent. This study provided evidence
that gross total resection of brain metastases can be safely accomplished with
a low morbidity rate and improvement of neurologic symptoms with intraop-
erative neuronavigation systems.

For lesions located in or adjacent to eloquent cortex, intraoperative func-
tional mapping is typically conducted to corroborate the findings of any preop-
erative functional imaging studies. This will help the neurosurgeon avoid the
resection of eloquent brain during the operation and resect as much of the tumor
as safely and feasibly possible. DCES, which remains the gold standard, is used
to identify eloquent cortex (Figure 4.8). Direct stimulation of the motor cortex
elicits a contralateral motor response, which can be detected upon inspection by
the anesthesiologist and electrophysiologic signals by a neurophysiologist.
Subcortical motor tracts can also be stimulated as the resection of the lesion pro-
ceeds deeper near the motor cortex, to help avoid transection of these pathways.
During tumor resection, subcortical stimulation of the motor pathways will alert
the surgeon that these tracts are in the vicinity, and further resection in the area
may result in the loss of a motor response with subsequent stimulation and a

FIGURE 4.8 Use of direct
electrocortical stimulation via an
Ojemann bipolar stimulator to
detect the motor cortex.
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postoperative motor deficit. DCES elicits an objective motor response, which has
an advantage over using standard neurophysiologic techniques alone.

Somatosensory evoked potentials (SSEPs), a neurophysiologic technique,
can provide an indirect localization of motor and sensory cortices. This tech-
nique identifies the reversal of phase that occurs between these two cortices.
Stimulation of the median, ulnar, or posterior tibial nerves results in cortical
potentials that are detected by a strip electrode placed on the cortical surface.
A phase reversal is observed when the electrode covers both the motor and sen-
sory cortices because the motor potentials are usually positive and sensory
potentials are typically negative. The potentials can be continuously monitored
during tumor resection (Figure 4.9).

An awake craniotomy may be performed for lesions in critical language
areas. This allows for speech mapping utilizing cortical stimulation to enhance
safe resection of the tumor. For intraoperative localization of expressive lan-
guage, Broca’s area, in the frontal operculum of the dominant hemisphere,
patients are instructed to conduct sequential number counting while cortical
stimulation takes place. Speech arrest occurs when Broca’s area is stimulated
and number counting is blocked without simultaneous motor responses in the
mouth or pharynx. The area(s) can then be marked with a sterile numerical
marker for identification during tumor resection. In addition, conversation can

be conducted with the patient to ensure that the integrity of this area is main-

FIGURE 4.9 Placement of a strip electrode for detection of the motor cortex.
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tained. Furthermore, receptive language, Wernicke’s area, can also be mapped
with DCES. During the awake craniotomy, the patient is asked to name a series
of objects displayed during cortical stimulation of the area believed to be
responsible for receptive language. This area is localized when cortical stimu-
lation prevents the patient from naming an object, and its identity is main-

tained with a sterile numerical marker, also.

Single Metastasis

All patients with solitary metastases should be evaluated for surgical resection.
The decision for surgery versus radiosurgery is based on the tumor location, sur-
rounding brain edema, and symptoms. Single brain metastases that are large (>3
cm), associated with large peritumoral edema and mass effect, and located in a
favorable location should be surgically resected (Figure 4.10). Single metastses
causing symptoms or with significant surrounding edema should also be resect-
ed. In addition, surgery should be performed in patients with an unknown pri-
mary lesion at the time of detection of the intracranial lesion, or the need for tis-
sue diagnosis from a known primary mass. The role of surgery for solitary metas-
tases was delineated in the 1990 Patchell et al. study demonstrating, in a prospec-

tive randomized trial, a survival advantage of surgical resection via a craniotomy

FIGURE 4.10 Preoperative (A) and postoperative (B) T1 contrast-enhanced axial MR images of
a patient with an inferior right frontal lobe bladder carcinoma metastasis.
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in a comparison of WBRT with and without surgery for patients with a single
brain metastasis (13). In this study, which included 48 patients, 25 patients were
randomized to a surgical group, defined as surgical resection of the metastasis
followed by radiotherapy. The other 23 were randomized to a radiation group,
defined as a needle biopsy of the lesion followed by radiotherapy. Patients in the
surgical group had a significantly longer survival time (median 40 weeks versus
15 weeks in the radiation group) and longer duration of functional independence
(median of 38 weeks versus 8 weeks in the radiation group). Additionally, there
was a statistically significant smaller recurrence rate of the metastasis at the orig-
inal site in the surgical group (5 of 25, or 20 percent) in comparison to the radi-
ation group recurrence rate (12 of 23, or 52 percent). The findings of this study
have been confirmed in subsequent analyses. Another retrospective study of
1,300 patients concluded that the treatment modality for brain metastases had a
statistically significant effect on survival (58). Patients treated with steroids only
had a median survival time of 1.3 months; the median survival time for those
treated with radiotherapy alone was 3.6 months and 8.9 months for those treat-
ed with operative resection and postoperative radiotherapy.

Multiple Metastases

Deciding upon surgical candidacy for patients with multiple brain metastases can
prove challenging. Metastases with significant mass effect, hemorrhage, or large
amounts of brain edema should be strongly considered for operative resection.
Patients with four or more brain metastases are usually not treated surgically
because the prognosis is typically poor, but a mass effect producing lesion may
be removed if there are no surgical contraindications. It is difficult to determine
whether aggressive surgical treatment is appropriate in patients with four or
more metastases, since RPA class does not predict survival for these patients (59).
Surgical treatment should be individualized in this patient population, and the
decision to proceed with surgery should be based on quality of life issues. Tumors
causing neurologic deficits or elevation of ICP should be considered for resection
with a combination of radiation and/or radiosurgery for the remaining tumors.
A recent retrospective study reviewed data on 52 patients with multiple
brain metastases treated with radiosurgery, surgical resection, or both (5). The
analysis was conducted to ascertain if these patients would benefit from aggres-
sive treatment of intracranial disease. The median KPS score was 90, median
age was 58 years, and the median number of brain metastases was 3. Thirty-
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one patients had radiosurgical treatment alone, 5 had surgical resection, and
16 underwent both treatment modalities. Of these patients, 20 (38 percent)
had tumor progression following radiation treatment. The overall median sur-
vival was 15.5 months, and RPA Class I patients had a median survival of 19
months. The mean survival for RPA Class II patients was 13 months, and 8
months for RPA Class III patients. Patients with radiosensitive tumors had
fewer brain metastatic recurrences in comparison to those with radioresistant
tumors. This study concluded that controlled primary disease and a limited
number of intracranial metastases in RPA Class I and Class II patients may
warrant aggressive treatment.

Another retrospective study reviewed data on 56 patients who underwent
surgical resection of multiple brain metastases (60). Group A included 30
patients with one or more brain metastases left unresected, Group B had 26
patients that had all of their brain metastases resected, and Group C included
26 patients with a single metastasis and were selected to match Group B.
Group A patients had a median survival of 6 months, while Group B and C
patients had a median survival of 14 months. These findings were statistically
significant, including the similar outcomes for patients in groups B and C.
Similarities were also found in regards to postoperative symptom relief and
local tumor recurrence. This study concluded that survival may potentially be
improved with the resection of multiple brain metastases.

Operative planning is especially important for the resection of multiple
brain metastases. One craniotomy that encompasses all of the metastases may
be performed if they are in close proximity to each other, or multiple cran-
iotomies for lesions that are not located in the same vicinity (Figure 4.11). In
some cases, the patient may not need to be redraped for multiple craniotomies
if the head just needs to be turned from side to side on the operating table.

Recurrent Metastases

Recurrent metastases should be divided into two groups: 1.) local recurrence,
and 2.) distant recurrences. Prognostic factors, such as KPS score and extent of
systemic disease are taken into account when evaluating and treating patients
with recurring metastases. Local recurrence at a single site in the absence of
other brain lesions should be treated aggressively. In patients who received
radiosurgery as the primary treatment or as an adjuvant treatment after sur-

gery, an accurate diagnosis based solely upon MR imaging can be difficult. In
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FIGURE 4.11  Preoperative T1 contrast-enhanced sagittal (A,B), axial (C), and postoperative T1
contrast-enhanced axial (D) MR images in a patient who underwent resection of two cervical carci-

noma metastases through one large craniotomy.

these patients, tumor recurrence and radiation necrosis can appear similar on
an MRI. PET scanning and MRI spectroscopy can be useful in trying to differ-
entiate the two. When there is uncertainty, surgical resection is indicated to
remove the enhancing area and establish the diagnosis. The reflex response of
giving additional radiosurgery should be avoided.

In patients with recurrences in the brain distant from the original brain
site, the overall prognosis is critical in making a decision regarding surgical
treatment. Quality of life concerns take priority. If the distant recurrence is soli-
tary, then surgical resection is an option. If there are multiple distant recur-
rences, then surgery should be offered only for large tumors causing symptoms,
mass effect, or with significant surrounding brain edema.

Successful retreatment with surgery in select patients has been demon-
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strated in some studies. Median survival for patients with recurrence treated
with resection was 5 months for 109 patients with NSCLC, 11.5 months for
48 patients with mixed histologies, and 9 months for 21 patients with other
mixed histologies in another study (61-63). Patchell et al. conducted a prospec-
tive study on 46 patients with a single brain metastasis, who were randomized
to receive or not receive postoperative radiation treatment (64). The local
recurrence rate was 46 percent in patients without postoperative radiation
treatment, and the distal recurrence rate was 37 percent. Local recurrence rates

of 10 percent to 15 percent have been found in other studies (635).

Leptomeningeal Metastases

Meningeal carcinomatosis is being diagnosed more frequently as patients are liv-
ing longer and occurs in approximately 5 percent of patients. As mentioned pre-
viously, the presence of this disease is typically a contraindication for resection of
intraparenchymal metastases. The leptomeninges is affected by direct extension
from preexisting parenchymal tumor or hematogenous spread of tumor cells,
which can then be disseminated throughout the neuroaxis by cerebrospinal fluid
(CSF) flow. Metastases from breast, lung, and melanoma cancers are most com-
monly associated with leptomeningeal disease. Patients usually present with
headaches from increased intracranial pressure due to the obstruction of CSF
outflow pathways and subsequent hydrocephalus, encephalopathy, seizures or
focal neurologic deficits due to direct invasion into parenchyma, cranial nerve
palsies, and/or stroke-like symptoms from local ischemia as a result of perivascu-
lar infiltration of tumor cells. Analysis of CSF and/or MRI is typically conduct-
ed to make the diagnosis of leptomeningeal disease. CSF analysis may reveal
pleocytosis, elevated protein concentration, and decreased glucose concentration.

An Ommaya reservoir can be placed in the lateral ventricle via stereotac-
tic neuronavigational imaging guidance for intrathecal therapy. The combina-
tion of radiation treatment and intrathecal therapy may increase the median
survival by 3 to 6 months in patients with minimal systemic disease and good
KPS score (66). The median survival is 4 to 6 weeks without treatment, and

death is the result of progressive neurologic deterioration.

Postoperative Care and Potential Complications

The immediate postoperative period is critical in the care of patients for the
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detection and/or minimization of potential complications. For patients who are
stable in the immediate postoperative period, a contrast-enhanced brain MRI
is usually obtained within 24 to 48 hours to confirm gross total resection of the
tumor. The extent of vasogenic edema can also be evaluated. For patients with
new-onset postoperative neurological deficits and/or decreased mental status,
a head CT should be obtained immediately to exclude the possibility of a post-
operative hematoma at the surgical resection cavity, subdural hematoma,
epidural hematoma, and/or increased vasogenic edema that may necessitate
taking the patient back to the operating room for surgical evacuation of the
hematoma. Additionally, in the presence of a negative head CT, seizures and/or
metabolic abnormalities must be considered.

Seizures occur in up to 20 percent of patients with brain metastases.
Many neurosurgeons will utilize perioperative and postoperative prophylactic
anticonvulsants for patients undergoing a craniotomy. Patients who are
seizure-free preoperatively and who remain without seizures postoperatively
are typically taken off of the anticonvulsant(s) with the time course determined
by surgeon preference. The American Academy of Neurology has found that
administration of anticonvulsants does not provide significant benefit to justi-
fy their use on a prophylactic basis in the absence of a history of seizures (20).

The presence of postoperative edema is addressed with corticosteroids that
are typically started preoperatively and continued in the postoperative period.
Although corticosteroids are advantageous in the acute setting, they have numer-
ous undesired side effects, such as poor wound healing, hyperglycemia, immune
compromise, skin changes, fat redistribution, and myopathy. Therefore, depend-
ing on the patient’s clinical course, the lowest effective dose of corticosteroids
should be used and tapered as early as can be tolerated postoperatively.

Venous thromboembolic disease can contribute significantly to surgical
morbidity and mortality, and occurs in approximately 15 percent of patients.
Patients with brain metastases may be more susceptible to venous thromboem-
bolic disease (67). Low-dose heparin, lower extremity compression stockings,
and pneumatic compression boots have been shown to be effective in prevent-
ing the development of thrombotic complications. A prospective study provid-
ed evidence that mini-dose heparin or unfractionated heparinized components
may be safely initiated 24 hours after craniotomy without significant increases
in bleeding complications (68).

Surgical mortality has dramatically decreased due to improvements in

microneurosurgical techniques. Harvey Cushing found that the mortality after
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resection of brain metastases was high at around 38 percent in the early twen-
tieth century (69). Surgical mortalities of 3 percent or less were frequently
reported in the 1990s, while more recent series have reported a 0 percent mor-
tality rate (56,62,70,71). A retrospective study of 194 craniotomies for brain
metastases at a single institution showed a mortality rate of 2 percent, with 2
patients succumbing to sepsis and another 2 patients dying as a result of lep-
tomeningeal disease (49).

Surgical morbidity rates have been reported in the range of 5 to 23 percent,
with causes including neurologic problems/deficits, wound infection, postoper-
ative hematoma, pneumonia, deep venous thrombosis, and pulmonary
embolism (13,29,60,72-74). The previously mentioned retrospective study,
which analyzed surgical mortality in 194 craniotomies for brain metastases, also
evaluated postoperative complications in the same group of patients (49).
Postoperative complications were classified as neurologic (producing neurolog-
ic deficits), regional (surgical site problem), or systemic (general medical issues).
Complications were considered minor if they were not life-threatening and were
resolved within 30 days without surgical intervention; complications were con-
sidered major if they were life-threatening, necessitated surgical treatment,
and/or persisted for more than 30 days. Neurologic, regional, and systemic
complications rates were 6 percent, 3 percent, and 6 percent, respectively. The
relationship of the lesion to eloquent cortex was the most significant factor
affecting the rate of neurologic postoperative complications. Patients with
tumors in noneloquent regions had fewer neurologic complications than those
patients with lesions located within or near eloquent areas. The neurologic post-
operative complication rate was found to be 13 percent for patients with lesions
located within eloquent brain. Moreover, the study found a 5 percent risk of
major complications for patients with a KPS score of 100, a young age range
(near 40), and a metastasis not located within eloquent brain. In contrast, a 23
percent risk of major complications was found in patients older than 65, with a
low KPS score of 50, and a lesion located within eloquent brain.

Conclusion

Advances in the operative management of brain metastases have significantly
improved treatment options for many patients. Improvements in microneuro-
surgical techniques, neuroimaging technology, intraoperative computer-guided
stereotactic neuronavigation systems, and patient selection processes have been
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correlated with a better outcome. All patients with solitary metastases should
be evaluated for surgical resection. Treatment should be individualized on the
basis of prognostic factors, and patients with acute neurologic deficits and/or
in extremis require immediate neurosurgical consultation. Tumor histology,
staging, grading, and size are important factors, along with KPS score, RPA
class, and medical comorbidities, when determining whether or not a patient is
a good surgical candidate. Surgical accessibility of the lesion(s) is a critical fac-
tor, because a significant number of tumors are not accessible even with the
most optimal surgical procedures. The number of brain metastases is current-
ly not an absolute indicator for or against surgery, although patients with four
or more brain tumors are usually not treated surgically because of a poor prog-
nosis. Radiosurgery and WBRT are adjuvant treatment options for patients

treated surgically for brain metastases.
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The treatment of brain metastases in the
past was “3,000 in 10” (3,000 cGy in 10 fractions) to the whole brain. It was,
but no longer is, a “no brainer” (1). Today, with the development of radiosur-
gical techniques, this is not the case. Radiosurgery (RS) has been shown to be
an effective, minimally invasive outpatient treatment option for brain metas-
tases (2), and many patients with brain metastases are now treated with radio-
surgery. However, few patients in the United States were treated with this tech-
nique prior to the 1990s. Therefore, for many oncologists, this area is a “black
box”. This chapter will attempt to bring light to this very highly sophisticated
and complex technology.

The advances in the treatment of brain metastases with radiosurgery have
improved patient outcomes, particularly for limited intracranial disease with
controlled systemic disease (3). Previously, the development of brain metastases
was a death sentence. Treatment with whole-brain radiation therapy (WBRT)
alone resulted in a 4-6 month median survival with 50 percent of patients
dying of neurological causes (4,5). With the addition of RS for treatment of
brain metastases, this is no longer the case (6-8).

Stereotactic radiosurgery delivers high doses of radiation to small
intracranial tumors while sparing the surrounding normal tissues and critical
structures (2). Conventional external beam radiotherapy (EBRT) utilizes stan-
dard daily doses of 180 to 300 c¢Gy per fraction given, for a total of approxi-
mately 3,000 to 8,000 cGy over 2 to 8 weeks. Radiosurgery delivers treatment
in 1 to 5 fractions using doses of approximately 10 to 40 Gy. Table 5.1 illus-
trates the basic differences in EBRT and RS treatment. RS is a very exacting
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TABLE 5.1 Comparison of EBRT and RS Characteristics

EBRT RADIOSURGERY
Dose 180-200 cGy 1,000-4,000 cGy
Fractions 10-40 1-5
Dose rate 400 mu/min 1,000 mu/min (Trilogy)
Time 2-8 weeks 1 day to 2 weeks
Margin 0.5-2 cm 0-0.2 cm
Treatment Accuracy 0.3-1 cm <1 mm-2 mm
Treatment Time per fraction 5-20 min 15 min-5 hours (avg. Thour, 22 min)

and precise treatment technique in which a tumor is ablated by very high doses
of highly focused radiation.

Local control rates for radiosurgery in treating brain metastases are
approximately 80-97 percent (2,9,10), while the morbidity and mortality are
low. The benefits of RS as compared to surgery include minimally invasive
techniques, reduction of hospitalization time and cots, excellent local tumor
control rates (even in radioresistant oncotypes), and extremely low morbidity
(6-10). Progression free survival (PFS) and median survival recurrence rates are
comparable to results of surgery and radiation and better than those achieved
with WBRT (9). RS also reduces the risk of neurological death (7-9).

The history of RS goes back to 1951 when Lars Leksell, a Swedish neu-
rosurgeon, first described radiosurgery techniques. RS was developed as a sur-
gical tool, by a neurosurgeon, hence the name radiosurgery. The modern con-
cept of RS is based upon the Leksell stereotactic system in which multiple
beams are fired from different points in multiple arcs while converging on a
center tumor (Figure 5.1).

FIGURE 5.1 Multiple beams are fired from differ-
ent points, converging on a target. (Used with permis-
sion Elekta, Stockholm, Sweden).
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FIGURE 5.2 Gamma knife treatment unit that employs 201 cobalt sources converging on a point
in space. (Used with permission Elekta, Stockholm, Sweden).

The radiation is spread throughout the brain so that only the tumor
receives a significant dose of radiation. Regions just outside the target are
exposed to zero, or one beam producing minimal radiation. The goal is to
destroy an intracranial tumor by converging multiple beams on a targeted
point, while minimizing radiation to the surrounding normal tissues and struc-
tures. Lars Leksell developed a gamma knife treatment unit that employs 201
Cobalt sources converging on a point in space (Figure 5.2). The earliest use of
the gamma knife involved functional disorders. (Further discussion of specific
disorders is beyond the scope of this chapter.)

The principles of stereotaxis using strict fixation and a specialized frame
of reference have been widely adopted. For treatment with the gamma knife
unit, a rigid external frame, the Leksell frame (Elekta, Stockholm, Sweden), is
attached to the skull for immobilization (Figure 5.3). This provides a frame
based coordinate system for positioning the frame so that the target is at the

FIGURE 5.3 The Leksell frame (Elekta,
Stockholm, Sweden) is attached to the skull for
immobilization and provides a frame-based coordi-
nate system for positioning the frame so that the
target is at the beam isocenter. (Used with permis-
sion Elekta, Stockholm, Sweden).
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beam isocenter (beam intersection point). One of the earliest gamma knife
radiosurgery units (Elekta, Stockholm, Sweden) was the model U (Figure 5.4).

In the United States, the first gamma knife unit for serial production was
installed in Pittsburgh, Pennsylvania, in 1987. In the 1990s gamma knife radio-
surgery became accepted internationally through widespread dissemination of
the technology and experience. The ability to utilize and incorporate magnetic
resonance imaging (MRI) was a significant step in the advancement because
tumors became more visible. Newer models, which incorporated knowledge
gained and new developments in technology, were developed over time. The
model C employs an automatic positioning system (APS) in which the target
positions are reached automatically (Figure 5.5). Before this model was adopt-
ed for radiosurgery, all positioning was done by trunnion mode by hand,
increasing the risk of human error and requiring timely QA[TSC1] procedures.

The newest gamma knife model is the Perfexion shown in Figure 5.6. This
new system is fully automated and utilizes an automatic positioning system and
an automatic helmet changer. These refinements will further reduce the chance
of human error and speed treatment delivery times. The Perfexion will also
allow easier treatment of base of skull and head and neck lesions.

Gamma knife radiosurgery (GKS) is the gold standard to which other
delivery methods of RS are compared. There are approximately 250 gamma-

FIGURE 5.4 One of the earliest gamma knife radiosurgery units was the model U. (Used with
permission Elekta, Stockholm, Sweden).
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GAMMA KNIFE

FIGURE 5.5 The gamma knife model C with automatic
positioning system (APS).

knife units in use in 250 hospitals worldwide, 30 percent of which are in the
United States. In fact, the longest and broadest experience with RS has been
with the gamma knife system. As of December 2006, approximately 400,000
patients have been treated with the gamma knife system, more than 141,000
of which were treated for brain metastases.

Linac-based stereotactic systems were also developed to perform radio-
surgery and have become competitive with the gamma knife system. Linac-
based RS systems include the Trilogy, Varian Medical Systems, Inc. (Palo Alto,
CA) CyberKnife (Accuray, Sunnyvale, CA), Novalis (BrainLAB, Feldkichen,
Germany). TomoTherapy (Madison, WI) and Proton Therapy units can be
added to the list of machines capable of delivering RS. A list of RS systems is
displayed in Table 5.2. Later in the chapter, details and illustrations of these

TABLE 5.2 Radiosurgery Systems

Elekta Oncology Systems Ltd. (Stockholm, Sweden)
Novalis™ (BrainLAB, Feldkichen, Germany)

X-Knife™ Radionics, Inc. (Burlington, MA, USA)

Linear accelerator Scalpel™ (Zmed, Inc., Ashland, MA, USA)
Trilogy, Varian Medical Systems, Inc. (Palo Alto, CA, USA)
Nomos Corp. (Sewickley, PA, USA)

CyberKnife® (Accuray, Sunnyvale CA, USA)

TomoTherapy, Inc. (Madison, WI, USA)

Proton Therapy Systems

Optivus Technology, Inc. (San Benardino, CA, USA)

lon Beam Applications (Lovain-la-Neuve, Belgium)

Varian Medical Systems, Inc. (Palo Alto, CA, USA)
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FIGURE 5.6 The Perfexion, the newest gamma knife radiosurgery system. (Used with permission
Elekta, Stockholm, Sweden).

different systems are presented. All of these systems are able to provide local
control of tumors in the brain without open surgery.

The Linac-based systems can utilize frame-based and/or frameless sys-
tems. Treatment can be delivered in 1 to 5 fractions with the frameless systems,
whereas the frame-based systems deliver treatment in only 1 fraction. Both
approaches have their benefits and proponents. Linac-based systems can also
treat both cranial and extracranial targets. Extracranial radiosurgery is also
referred to as “body radiosurgery” or “stereotactic body radiotherapy”
(SBRT), but further discussion of SBRT is beyond the scope of this chapter.

Frameless, noninvasive RS methods were developed, which use dental
molds or skeletal references and preclude the need for skeletal fixation (Figure
5.7). The frameless systems are less invasive than frame-based systems, but the
stable alignment of the tumor with respect to the treatment isocenter is less cer-
tain. Some departments feel comfortable using only frame-based systems.
Others rely on frame-based systems for tumors close to critical structures. On
the other hand, with patients who are edentulous or uncooperative, the frame-
less systems can be unreliable. Most Linac RS systems utilize computed tomog-
raphy (CT) for treatment planning. MRI can be fused to the CT system, but
this introduces additional uncertainty and a component of human subjectivity.

The key benefit that all of these systems provide is a significant improve-
ment in accuracy and precision (as low as 2 mm using frame-based fixation)

when compared to standard external beam treatments. This allows for a sig-
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FIGURE 5.7 An example of a frameless system with mask and dental mold.

nificant reduction in the tumor margin, the normal brain tissue surrounding
the tumor that is included in the treatment volume, which accounts for patient
movement and/or set-up uncertainty. The reduction of treated volume reduces
the risk of acute and long-term toxicity by reducing exposure of normal and

critical brain structures to radiation.

Indications for Radiosurgery

The current indications and uses of radiosurgery in the treatment of brain
metastases is controversial and covered in great detail elsewhere in this book.
However, the medical oncologist is often the first physician to see the patient
after initial diagnoses of brain metastases or after the discovery of new or
recurrent intracranial lesions. At that time, the first question is whether the
patient is symptomatic. In the past, most patients with newly discovered brain
metastases were routinely started on steroids. This is no longer the case. If the
patient is asymptomatic and neuroimaging does not show significant edema or
midline shift, there is an option not to begin using steroids. Referral to the radi-
ation oncologist, neurosurgeon, or radiosurgery team then ensues. Patients
who are severely symptomatic or present with a seizure are often admitted,
evaluated, and treated on an in-patient basis. Some departments have coordi-
nated radiosurgery clinics or tumor boards where cases are presented and dis-
cussed with the whole radiosurgery treatment team. Others have not. Each



114 | Brain Metastasis: A Multidisciplinary Approach

department, institution, or radiosurgery team develops its own indications for
RS based upon available data, experience, availability of research protocols,
and other criteria. These indications do change over time as new experience is

acquired and new data becomes available.

Multiple Metastases

Patients who have previously been treated with WBRT (a one-time-only treat-
ment) for multiple metastases can be followed closely with follow up MRIs
every 2 to 3 months. When new intracranial lesions develop or old ones grow,
these patients can be referred for radiosurgery treatment. The purpose for this
approach is to maintain local intracranial disease control, minimize resultant
neurological symptomatology, and maintain quality of life.

The cut-off, or maximum number of intracranial metastases in a patient
with newly diagnosed brain metastases that should receive RS, is controversial
and an area of significant disagreement that continues to fluctuates over time.
Many radiosurgical centers have historically set a predefined limit to the num-
ber of metastases that can be treated with RS. In the early 1990s this limit was
often set at one to three brain tumors (9,11). Later that number was increased
to four (12,13). More recently, that maximum number of brain metastases that
are treated with RS has increased even further (14-18).

Previously it was impractical to treat more than 3 to 5 brain metastases
on a nondedicated Linac-based machine as it had to be QA’d [TSC2] and
adjusted for radiosurgery treatment at the end of each treatment day.
Technically, the maximum number of lesions that can be treated with RS in a
given day is influenced by a patient’s ability to tolerate the treatment experi-
ence, the patient’s Karnofsky performance status (KPS), and time constraints.
Time constraints are influenced by treatment delivery time, technical efficiency
of the treatment team, type of machine utilized for treatment, scheduling issues
affecting a nondedicated RS machine, and rate of radiation delivery. Although
it is possible to deliver treatment over 2 days to overcome some of these issues,
this is rarely done.

With today’s technology, such as the use of intensity modulated radio-
surgery treatment and planning (IMRS), patients with 20 to 30 small brain
tumors can be treated comfortably within the defined technical and patient-
related time constraints (19). In addition, it was once thought that the number

of brain metastases was a prognosticator for survival; therefore, patients with
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multiple brain metastases were expected to have a lower survival potential than
that which now justifies the use of RS. According to Dr. Larson, “We’re now
seeing that the number of tumors is a poor predictor for how many other
(tumors) may appear later, either in the brain or elsewhere in the body” (19).
There is some evidence that when numerous multiple lesions are treated
with RS, the dose delivery is similar to whole-brain radiation therapy. However,
the data suggests otherwise (15-18). Yang et al. showed that 50 percent of the
brain volume receives less than 500 cGy and that the dose gradient is extremely
steep (16). Figure 5.8 illustrates the whole-brain dose and isodose distribution of
a patient treated with gamma knife RS to multiple lesions, 21 brain tumors treat-
ed over 2 treatment days. This illustrates that there is significant brain sparing
even with the treatment of many multiple metastases. When evaluated, treatment
of numerous metastases with radiosurgery alone is possible and safe (15-18).
The uninvolved brain is spared and receives significantly less than 6 Gy (white
line). The pictures on page 116 show the patient’s response to treatment. The

patient later died of systemic disease progression, not because of brain metastases.

Location and Shape of Metastases

Location of brain metastases close to the brain stem, critical, or radiosensitive
structures does not, definitively, preclude the use of RS. The dose prescribed
may be reduced, fractionated (20), or beam shaped to minimize dose to the
critical structures. The University of California at San Francisco (UCSF) expe-
rience delivering gamma knife radiosurgery for brain-stem metastases showed
excellent freedom from progression (FFP) with low morbidity when using a
dose of 16 Gy (21). The findings were similar to those of others researchers
(22-24). Figure 5.9 illustrates RS treatment of a metastases to the brainstem
and resultant response. Cystic or hemorrhagic metastases may benefit from

stereotactic aspiration with RS to the residual nodular component.

Radiosurgery Planning

The hallmark of RS treatment planning and delivery is that it minimizes radi-
ation to the surrounding normal tissues while delivering the desired dose to
tumor volume. This is achieved by a steep dose fall-off beyond the metastases
and a conformal dose plan. Dose conformality is measured by dividing the vol-
ume within the prescription isodose line by the target volume. This results in
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the conformity factor. The ideal conformity factor is one, meaning that the vol-
ume receiving the full dose is equal to the tumor volume. A conformity factor
of less than one suggests that a part of the metastases is not within the pre-
scribed treatment area. Acceptable conformity factors range from approxi-

Mets/breast
Female
Age 44

02/1999
Gamma Knife

6 Gy
10 Gy
16 Gy

03/1999
RT

Follow-up
4/29/1999

Patient expired
due to
systemic
progression
01/07/2000

CM041454

FIGURE 5.8 A patient treated with multiple brain metastases to 16 Gy (the white line).
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Mets/Breast Brain stem lesion shown
Female
Age 46 1.5 Month 3.5 Month

Day of Tx Follow-up Follow-up

No previous RT
3 sites Tx'd

16 Gy

06 Gy

DL100150

FIGURE 5.9 RS treatment of a metastases to the brain stem and resultant response at 1.5 and
3.4 months. 16 Gy (white line) was prescribed to the 50 percent isodose line. The 6 Gy line (grey)
shows the rapid dose fall-off outside the prescription line.

mately 1-1.2. Dose conformality is an objective way to compare different
plans, the goal being to reduce the amount of tissue outside of the metastases
receiving full dose.

Available Radiosurgery Technology

The remaining chapter attempts to describe in great detail different radio-
surgery machines and their treatment procedures with respect to brain metas-
tases. The purpose of this chapter is to familiarize the reader with radiosurgery
and the different methods of treatment delivery. The authors are gamma knife
users and, as such, are biased toward this technology. However, this chapter is
not intended to advocate one system over another (Table 5.3).

Gamma Knife Radiosurgery

Gamma knife surgery represents a major advance in available treatment
options for patients with brain metastases. With radiosurgery, a surgical inci-
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TABLE 5.3 Comparison of Gamma Knife and Linear Accelerator Radiosugery Machines

MACHINE

GAMMA KNIFE

LINAC-BASED

Immobilization

Imaging

Radiation delivery

Radiation Planning

Radiation Source
Collimators

Radiation Tx Delivery

Treatment Date
Fractions

Sites

Frame-based

MRI

201 fixed concentric
nonopposed beams

Shot packing planning

201 cobalt 60 sources
4, 8,14, 18 mm

Gamma knife unit

Same day
One

Cranial only

(Perfexion allows H&N tx)

Frame based or Frameless
(CyberKnife/Frameless)

CT with MRI fusion available

Nonco-planar arcs/IMRS/IMRT

Shot packing with cone based arc
delivery or IMRT/IMRS planning
and delivery

Linear Accelerator (6 MV Photons)
Circular Cone Based/MLC

Trilogy/CyberKnife/TomoTherapy/
Modified Linac

Same day or delayed day
Tto$S

Intracranial and extracranial

sion is not required. The attendant risks of open neurosurgical procedures and

anesthesia (hemorrhage, infection, cerebrospinal fluid leakage, etc.) are there-
fore avoided. The “blades” of the gamma knife are the 201 beams of cobalt

radiation. Each portion of the target is positioned at the fixed intersection

point of those beams (Figure 5.10).

The gamma knife system is the gold standard to which all other systems

are compared. A rigid external frame, the Leksell frame (Elekta, Stockholm,

FIGURE 5.10 Gamma knife radiosurgery with
201 cobalt beams converging on a fixed point in

Space.
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FIGURE 5.11 The placement
of the Leksell frame for gamma
knife radiosurgery. (Used with
permission Elekta, Stockholm,
Sweden).

Sweden), is attached to the skull for target and patient immobilization (Figure
5.11). A frame-based coordinate system, used for aligning the target and beam
isocenter, is established by attaching an image localizer box to the Leksell
frame prior to imaging. An MRI is then obtained for stereotactic localization.
If needed, a stereotactic biopsy can be obtained at this juncture (Figure 5.12).

A treatment plan is developed using single or multiple isocenter shots with
the Leksell Gamma Plan. The use of multiple isocenters (treatment positions)
is referred to as shot packing or sphere packing (Figure 5.13).

Four collimator helmets are used interchangeably for gamma knife treat-
ment, producing 4, 8, 14, and 18 mm beam sizes, respectively (Figure 5.14).

FIGURE 5.12 A stereotactic
guided biopsy procedure using the
Leksell frame
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FIGURE 5.13 Shot packing to
produce complete tumor coverage.
The column on the left shows isocen-
ter or shot placement in white. The
column on the right shows the result-
ant dose distribution. The treatment
is prescribed to a minimum dose of
12 Gy (shown in white). The 8 Gy line
(in grey) shows significant rapid fall-
off of the dose. A 5 month follow-up

. . 8Gy
post treatment is shown at right. 12Gy

The Perfexion, the newest gamma knife model, has three beam size options,
replacing 14 and 18 mm beam size with a 16 mm beam channel. A single 4 mm
shot creates a 0.09 cubic centimeter (cc) treatment volume with a maximum
dose range of 50 to 100. The 8, 14, and 18 mm collimator helmets result in
larger treatment volumes when utilized (Table 5.4). However, multiple isocen-
ter plans can be developed to conform to different tumor shapes and sizes A
plugging pattern, the blocking of selected beams, can be added to further shape
the dose distribution as needed to spare surrounding normal or critical struc-
tures. The treatment planning process for brain metastases takes on average 1
hour (range 5 minutes to 2 hours or more). The gamma knife treatment is
delivered the same day the plan is completed.

Gamma knife target volumes generally receive a dose range of 50 to 100
percent of the maximum dose (the 50 percent isodose line encompasses the tar-
get volume). There is rapid dose fall off as you go into the surrounding normal
tissue (outside the 50 percent isodose line). For Linac-based systems, the pre-
scription line is usually to the 80 percent isodose line. The possible advantage
of dose inhomogeneity inherent to the gamma knife plan over dose uniformi-
ty, in a Linac-based plan, may account for the reported higher local control
rates with gamma knife radiosurgery reported in a 2007 Radiation Therapy
Oncology Group (RTOG) study (25).

TABLE 5.4 Collimator Helmet Single Isocenter Shot Delivery and Resultant Volume Receiving at
Least 50 Percent of Maximum Dose by Helmet Size (approximate)

Collimator helmet size Resultant volume
4 mm 0.09 cc

8 mm 0.6 cc

14 mm 2.9 cc

18 mm 5.8 cc
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FIGURE 5.14  Four model U gamma knife radio-
surgery collimator helmets produce 4, 8, 14, and
18mm beam sizes. They are changed manually
between treatment shots as needed.

Table 5.5 describes the procedural steps of gamma knife radiosurgery
accomplished during one treatment day. The neurosurgeon, and often the radia-
tion oncologist, must see the patient in consultation prior to the procedure date.

Each gamma knife department has its own specific protocols. In our depart-
ment, conscious sedation is utilized for frame placement in our Gamma Knife
Neurosurgery Suite. Some departments do not use conscious sedation and some
place the frame in the operating room (OR) or recovery room (RR). Treatment
planning is performed by the physicist with the input of the neurosurgeon and
radiation oncologist. It is a team effort. The time of delivery of the gamma knife
treatment varies, depending upon number of lesions treated, dose delivered, and
age of cobalt sources. It can range from less than one-half hour, for a single isocen-
ter shot for a single metastatic lesion, to more than 3 hours for multiple metas-
tases. The dose and duration of Decadron on which the patient is sent home
varies, depending on whether the patient is symptomatic or already on Decadron.

The MRI technique utilized at the time of gamma knife radiosurgery varies
from institution to institution. The authors utilize a high resolution triple con-

TABLE 5.5 Gamma Knife Radiosurgery Procedure

Pretreatment antibiotics and Decadron
Conscious sedation

Local anesthesia applied to pin sites
Application of Leksell head frame
Placement of MRI localizer box

MRI thin cuts, triple contrast
Treatment planning

Gamma knife treatment

Removal of frame

Pin sites cleaned and dressed
Posttreatment Decadron administered

Pt sent home on Decadron for 10 days w/Gl prophylaxis
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trast MRI scan with 1 mm cuts. New, previously undetected metastases are often
found during RS planning. Reports in the literature show that this happens in up
to 50 percent of cases, depending upon the MRI protocol and dose of contrast
utilized at the time of RS planning (26,27). Other centers use the same MRI pro-
tocol for primary tumor imaging as they do for RS treatment planning and are

thus unlikely to have the same results. Each center develops its own approach.

Linac-Based Systems

Linac is short for the term linear accelerator. Linac machines may be dedicat-
ed or nondedicated. Nondedicated Linac machines may be used for conven-
tional radiation therapy and radiosurgery treatment delivery. Linac-based RS
machines can deliver treatments over one to several days, yielding a flexibility
that is not available with GKS. Treatments that are given over time are referred
to as fractionated stereotactic radiotherapy (FSR) or stereotactic radiotherapy
(SRT). The linear accelerator based machines utilize a cone-based arc system
and/or an intensity modulated radiotherapy (IMRT) based treatment planning

and delivery technique.

Trilogy image-guided radiosurgery system  The Trilogy image guided radio-
surgery system (Varian, Palo Alto, CA) is one of the newer Linac-based radio-
surgery systems (Figure 5.15). The Trilogy machine functions both as a Linac
system for external beam radiotherapy (EBRT) and as radiosurgery. It is man-
ufactured by Varian, which supplies a majority of the radiation therapy treat-
ment machines in the United States. The Trilogy machine combines imaging
and treatment in one machine. It provides digital image guidance both for
radiotherapy and radiosurgery, using 2D, 3D CT, and fluoroscopic imaging for
patient positioning and robotic guidance. The digitally reconstructed images
(DRRs) from the simulator are transferred to the treatment machine. The
images obtained on the Trilogy unit are then overlaid and compared to DRRs.
The Trilogy machine records the necessary shifts for accurate set-up. The
patient is then moved robotically into the exact desired treatment position.

The Trilogy system has both frame-based and frameless RS applications.
The frame-based system is similar to others and, in addition, has an optical
tacking system attached (Figure 5.16). The frame is placed prior to simulation.
The frameless system utilizes a dental bite block, an optical tracking system,
and a head mask (Figures 5.17 and 5.18).
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FIGURE 5.15 The Trilogy image guided radio-
surgery machine. (Used with permission of Varian,
Palo Alto, CA).

The Trilogy system utilizes a dose rate of 1000mu/min for RS treatments.
During regular EBRT treatment, the dose is delivered at approximately 400
mu/min. This increases the dose delivery rate and significantly reduces the actu-
al treatment time when compared to other Linac-based systems.

Optical camera tracking technology continually checks the patient’s posi-
tion as the treatment proceeds. The combined system can detect if and when
the patient or targeted area is out of position, determine exactly how much the
patient must be moved to put the tumor squarely into the path of the treatment
beam (Figure 5.19).

FIGURE 5.16  Frame-based system
for RS delivery with optical guidance.
(Used with permission of Varian, Palo
Alto, CA).
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FIGURE 5.17  Trilogy frameless radiosurgery treat-
ment set-up with mask, bite block, and optical track-
ing. (Used with permission of Varian, Palo Alto, CA).

The Trilogy system facilitates planning radiosurgery delivery with two dif-
ferent planning systems (Figures 5.20 and 5.21). Radiosurgery can be delivered
using a cone-based system similar to other Linac-based radiosurgery systems
(such as Z-Med or Brain Lab) or by using intensity modulated radiotherapy
(IMRT) planning and delivery techniques. The cone-based planning system is
similar to the gamma knife planning system in that it uses shot packing; how-
ever, treatment is delivered with arcs. Various cone sizes, which are affixed to
the treatment head for RS, are available. The use of IMRT planning and deliv-
ery techniques for radiosurgery is called intensity modulated radiosurgery
(IMRS). As with IMRT for external beam treatment delivery, dynamic sliding
mutileaf collimators (MLCs) are utilized. The IMRS system allows for faster

FIGURE 5.18 The dental mold
and optical tracking system attach-
ment is shown above. (Used with
permission of Varian, Palo Alto,
CA).
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Couch

Tilt : FIGURE 5.19 The optical tracking system that accounts and
Spin 4.3 corrects for patient movement during treatment. (Used with per-
mission of Varian, Palo Alto, CA).

planning and treatment delivery than the cone-based system in situations
where many isocenter shots are needed, such as for multiple metastases, larger
and nonspherical lesions, or for dose sculpting around vital or critical struc-
tures (Table 5.6).

The CyberKnife System  The CyberKnife system (Accuray, Inc., Sunnyvale,
California) utilizes a condensed linear accelerator mounted on a robotic arm
(Figures 5.22 and 5.23). The CyberKnife system monitors internal reference
points, anatomy, or implanted fiducial markers, and corrects for patient move-
ment real time during treatment (Figure 5.24). Treatment planning and deliv-
ery is based upon computed tomography (CT) imaging. Normal and critical
structures are identified and contoured. Prescription dose and dose constraints
are given for normal and critical structures. The treatment planning system uti-
lizes an optimization algorithm, which identifies a set of beams that achieve an
optimal dose distribution for a given patient (Figures 5.25 and 5.26). The
CyberKnife radiosurgery treatment procedure is similar to that of the Trilogy

frameless system (Table 5.6).

FIGURE 5.20 Eclipse IMRT plan
for treatment of a solitary brain
tumor. (Used with permission of
Varian, Palo Alto, CA).
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FIGURE 5.21 Cone-based treatment plan for a solitary brain tumor. (Used with permission of
Varian, Palo Alto, CA).

TomoTherapy The TomoTherapy treatment system was designed in the 1990s.
The goal was to develop a machine that was historically different, using
advances in computing, imaging, and treatment delivery technologies. The
machine looks like a CT scanner because it is based upon a CT scanner design
(Figure 5.27). TomoTherapy uses integrated CT imaging to guide treatment,
and the ring gantry design allows for helical 360° treatment delivery (Figure

TABLE 5.6 Procedure of Trilogy Radiosurgery

FRAME-BASED FRAMELESS

MRI obtained prior to treatment day MRI obtained prior to treatment day

Frame placed in OR, office, or recovery room Dental tray development and testing preformed
CT Simulation CT Simulation performed; mask made
Treatment Planning Treatment planning

Treatment on Trilogy unit that day All above is done prior to treatment day and

treatment on Trilogy unitin 1 to 5 fractions

Optical guidance utilized Optical guidance utilized
IGRT with KV & cone beam available




Radiosurgery for Brain Metastases | 127

FIGURE 5.22 The CyberKnife System. (Used with permission of Accuray, Sunnyvale, CA).

5.28). TomoTherapy combines image guidance and intensity modulated radia-
tion therapy (IGRT/IMRT) and adaptive planning. The IGRT/IMRT compo-
nent of the technology can be used for radiosurgery and EBRT/IMRT treat-
ment planning and delivery. Adaptive planning is less important for single frac-

tion radiosurgery treatments than for multiple fraction treatment delivery. The

CyberKni G

Diagnostic
-Ray Saurce
Diagnostic
H-Ray Source

= Synchrony camera

Robotic Arm

FIGURE 5.23 Cyber-
Knife components. (Used
with  permission  of
Accuray, Sunnyvale, CA).
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FIGURE 5.24 CyberKnife robotic arm moves during
treatment. (Used with permission of Accuray, Sunnyvale,
CA).

TomoTherapy radiosurgery treatment procedure is similar to that of the
Trilogy frameless system (Table 5.6).

Protons The particle/proton beam currently exists in only a handful of centers
in the United States. In addition to brain tumors, it treats body cancers in a
fractionated manner. Due to the cost of the particle beam facility (>$100 mil-
lion), little research on this system is currently available. However, an increas-
ing number of proton facilities are being built around the country.
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FIGURE 5.25 CyberKnife treatment planning system. (Used with permission of Accuray,
Sunnyvale, CA).
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Single Brain Metastasis

Diagnosis :
Brain met

Volume:

28 cc

Dose:
20 Gy x | 1o 70%

Image Tracking:
Skull

FIGURE 5.26 CyberKnife treatment plan for solitary brain tumor. (Used with permission of
Accuray, Sunnyvale, CA).

e——,

TomoTherapy

HisarRT

FIGURE 5.27 TomoTherapy machine looks like a CT scanner. (Used with permission of
Tomotherapy, Inc., Madison, WI).
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TomoTheropy

HILART

FIGURE 5.28 Tomotherapy Hi-ART Machine. (Used with permission of TomoTherapy, Inc.,
Madison, WI).

A proton is a stable particle with a positive charge equal to the negative

charge of an electron. A proton’s favorable absorption characteristics result from

its charge and heavy mass, which is 1,835 times that of an electron. The major

advantage of proton therapy is the characteristic energy distribution, in which

the beam does not go beyond the desired target. The characteristic energy distri-

bution of protons can be deposited in three-dimensional tumor locations.
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The Role of Targeted Therapy Without
Whole-Brain Radiotherapy

Lawrence R. Kleinberg
Daniele Rigamonti

Until recently, whole-brain radiotherapy
(WBRT) has been considered essential for all patients undergoing therapy of
brain metastasis. This approach developed at a time when advanced imaging
was not yet available and lesions, even if limited in number, could not be indi-
vidually targeted. Treating the whole brain was the most rational approach to a
situation where multiple lesions were often present and not possible to localize,
where new metastasis could not be reliably detected until they had grown rela-
tively large, and where good treatment options would not then be available.

Technologic developments, including ever higher resolution magnetic res-
onance imaging (MRI) scans and precise stereotactic treatment technology,
have provided the opportunity to challenge the assumption that whole-brain
radiotherapy is the optimal therapy for brain metastasis. It is now possible to
detect and precisely treat individual lesions even as small as 2-3 mm, and
patients can be closely followed with the goal of later treatment of any progres-
sion of subclinical disease before it is a threat. For many patients, it appears no
longer to be necessary to prophylactically treat the whole brain, and it can be
an appropriate choice to proceed with close follow-up after focal therapy and
additional treatment only if needed.

The data summarized below suggest that many patients with a limited
numbers of lesions, often up to 4 or more, which are detectable on MRI scan-
ning can be appropriately treated with focal technologies without any demon-
strable decrease in survival and with maintenance of good quality of life.
Although large randomized trials assaying to definitively demonstrate equiva-

lence have not been completed, retrospective and prospective data suggests that
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there is little or no difference in survival outcome although whole-brain radio-
therapy significantly reduces the incidence of later brain metastasis.

The important issues to be considered by individual patients are summa-
rized below. These include lack of survival benefit; toxicities; time commit-
ment; likely need for future repeated treatment; need for prompt resumption of
systemic therapies; risks of brain injury resulting from recurrence; number of
metastasis; prognosis from systemic cancer, bulk of central nervous system
(CNS) metastatic lesions; and individual views of the trade-off between the
risks of brain tumor recurrence and treatment toxicities. In metastatic cancer
where long-term survival is unlikely and cure rarely possible, it is appropriate
for patients and physicians to carefully consider quality of life costs of whole-
brain radiotherapy, even if there may be an as yet unappreciated modest sur-
vival advantage for those patients whose life expectancy is limited to the short
or medium term. The exploration of this new approach for patients with lim-
ited brain metastasis was motivated by the desire of patients and oncologists to
avoid the toxicities of whole-brain radiotherapy and prevent radiation-related
interruptions of other needed treatments.

Adjuvant Whole Brain Radiotherapy: Reduced Brain
Recurrence but No Evidence of Survival Benefit

The available data has not suggested a meaningful survival benefit when
whole-brain radiotherapy (WBRT) is added to localized therapies for brain
metastasis even though there is a benefit in reduced distant brain tumor recur-
rence. This provides the justification for offering this choice to appropriately
selected patients. Based on first principals, the addition of whole-brain radio-
therapy to focal therapies of gross lesions is of potential survival benefit to only
a limited proportion of patients. Many patients, unfortunately, would expire
from systemic disease prior to any brain tumor recurrence, and for those
patients, whole-brain radiotherapy would ultimately have no benefit. In addi-
tion, whole-brain radiotherapy is only marginally effective as a prophylactic
against development of future brain metastasis, and would of course not result
in improved outcome for those patients for whom the treatment would not
actually succeed. These later recurrences can result from failure to control
existing subclinical deposits a well as later seeding with tumor cells that were
not present when radiotherapy was administered. Finally, salvage treatment
with later radiosurgery, surgery, or whole-brain radiotherapy is available for
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those who have subsequent intracranial recurrences. Indeed, for individual
patients to expire as a result of omitting whole-brain radiotherapy, presuppos-
es not only a recurrence within their lifetime, but also the fact that whole-brain
radiotherapy might have been able to prevent that recurrence and that the
recurrence could not have been controlled by the later therapies.

Several randomized trials have examined whole-brain radiotherapy when
added to focal therapy versus focal therapy alone, although these trials were
often powered with brain control or neurological death as a primary endpoint
without power to demonstrated equivalence in absolute survival with any
robustness. Nevertheless, the results have been consistent in that no survival
benefit has been suggested. Patchell (1) has reported the results of a trial that
included patients with a resected single brain metastasis and Karnofsky per-
formance status 270 who were randomized to therapy with or without postop-
erative adjuvant whole brain radiotherapy. Although the most commonly used
palliative dose of radiotherapy in routine practice is 30-35 cGy over 2-3 weeks
to be respectful of patients’ time, a higher dose of radiation was utilized in this
trial—50.4 Gy at 1.8 Gy per day over 5 weeks—to maximize the chances of
demonstrating a benefit in tumor control. In addition, lower fraction sizes such
as 1.8 ¢Gy per day appeared to reduce toxicity compared with higher daily
doses.

The results of this trial are summarized in Table 6.1. Although there was
a meaningful benefit in local control at the operative site and reduced later
brain metastasis elsewhere in the brain, there was no survival benefit or better
functional independence with whole-brain radiotherapy. The authors conclud-
ed that whole-brain radiotherapy should be standard even after resection of a
single brain metastasis because there was a decreased chance of subjectively
assessed neurological death and because there was very high local and distant

TABLE 6.1 Benefit to Postoperative Whole-Brain Radiotherapy—Randomized, Patchell et al. (1)

SURGERY/RT
SURGERY ALONE (5,040 RADS)
Survival 43 weeks 48 weeks
Brain recurrence 70% 18%
Original site 46% 10%
Other sites 37% 14%

Neurologic death 44% 14%
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brain combined recurrence rate after surgery alone, which was substantially
reduced by the addition of WBRT. It must be emphasized that this trial was
powered to detect a reduction in brain recurrence, with survival analysis as a
secondary endpoint. Thus, this trial was not intended either to demonstrate or
rule out a modest improvement in survival outcome.

A cautionary (2) editorial that accompanied the above article by Patchell,
published in the Journal of the American Medical Association, present the view
that the data presented might not be sufficient to dictate postoperative radio-
therapy as a clear-cut standard of care for all applicable patients after surgical

resection:

But it is uncertain whether all patients should receive postoperative
radiation, as they suggest, when median survival time and length of
functional independence are not enhanced by early treatment. The
authors argue that “neurologic death . . . is most difficult for patients
and their families. . . . “ While acknowledging their point of view, it
is important to note that nonneurologic symptoms including nausea,
breathlessness, and pain can also be difficult to endure, witness, and
manage. Moreover, had fatigue, alopecia, eustachian tube dysfunc-
tion, memory loss, and other adverse effects of radiation been con-
sidered, and had quality of life been measured, it might be less clear
that early whole-brain radiation is the “right” choice for all patients
whose single brain metastasis has been fully resected. Individualized
treatment decisions, guided by the results of important trials like this

one, always will have an important place in clinical medicine.

An ongoing randomized trial of the European Organization for Research
and Therapy of Cancer (EORTC) is even now initiating a study of patients to
reevaluate the role of standard whole-brain radiotherapy after resection of
brain metastasis in comparison with observation. Others (3) are investigating
the role of radiosurgery as focal postoperative therapy to the resection cavity
alone, to treat the highest risk area postoperatively while avoiding prophylac-
tic therapy of uninvolved brain. Large data sets of this new approach are not
yet available to provide guidance.

As discussed elsewhere in this text, focal radiosurgery is a commonly used
alternative to surgical resection that may be appropriate treatment for gross

lesions for a greater percentage of patients in that deeper lesions and multiple
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sites can be treated even in the presence of other comorbidities, The potential
for a survival benefit from adjuvant whole brain radiotherapy might be even
lower in these nonoperative patients, as radiosurgery alone appears to result in
a substantially lower baseline risk of actual tumor bed recurrence compared
with conventional surgery alone, which may diminish the need for adjuvant
therapies. Although counterintuitive, this is perhaps the result of the significant
radiation dose deposited into the immediately adjacent at-risk brain. On the
other hand, surgical candidates might be in better overall condition with more
limited disease and may therefore have a higher chance of benefiting from bet-
ter control of tumor in the brain.

Aoyama (4) has reported the results of a randomized trial conducted in
Japan (JROSG99-1) for patients with 1-4 metastasis and KPS =70 who were
treated by radiosurgery with or without whole-brain radiotherapy. These
results are summarized in Table 6.2 and are generally similar to the results
reported by Patchell after surgical resection. As expected, these data demon-
strate a higher brain control rate but have not demonstrated benefits to sur-
vival, neurological death, or maintenance of good performance status. Whole-
brain radiotherapy did not improve survival, performance status, or neurolog-

ic survival, and there was no evidence of survival benefit. Brain tumor recur-

TABLE 6.2 Results of JROSG99-1—Randomized, Aoyoma et al. (4)

RS ALONE RS AND WBRT
1 year survival 28% 39% (p=NS)
Neurologic death 15% 10% (p=NS)
1 year KPS 270 25% 37% (P=NS)
1 year new mets 51% 28% (P=.003)
1 year local failure 30% 12% (p=.019)
WBRT + SRS SRS

1 year intracranial recurrence 46.8% 76.4%

1 year new metastases 41.5% 63.7%

1 year local control 88.7% 72.5%
Overall survival 38.5% 28.4%
Median survival 7.5 months 8.0 months
Neurologic death 22.8% 19.3%

Neurologic preservation 72.1% 70.3%
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rence is more frequent when whole brain radiotherapy is omitted, and the
authors emphasize that it should therefore only be omitted when close follow-
up of the patient is possible. Of note, distant brain tumor recurrence was more
frequent after whole-brain treatment than in Patchell’s results and may relate
to the inclusion of patients with multiple metastasis at baseline, use of a differ-
ent whole brain radiotherapy schedule, and other unknown selection factors.

Chougule (5) has reported in abstract form a modestly powered 96
patient three arm randomized trial that included whole-brain radiotherapy,
radiosurgery alone, and whole-brain radiotherapy in conjunctions with radio-
surgery for patients with 1-3 lesions. Radiosurgery was 20 Gy. Fifty-one
patients had resection of a large symptomatic lesion, in which case the tumor
bed was treated with radiosurgery. Median survival was 7, 5, and 9 months for
the radiosurgery, radiosurgery + WBRT and WBRT arms, respectively, and
local control of the treated lesions was 87 percent, 91 percent, and 62 percent,
respectively, confirming a local benefit from radiosurgery However, the occur-
rence of new brain lesions was lower (43 percent, 19 percent, and 23 percent,
respectively) in the two arms receiving WBRT. These data, although the trial is
underpowered, suggest brain control but not survival benefit from the addition
of whole-brain radiotherapy and are consistent with the results of JROSG99-
1 (described above) as well as with the trial reported by Patchell.

Two other international randomized trials are currently assembling a
patient cohort to test the benefit of whole brain radiotherapy after radiosurgey.
EORTC 22952 is enrolling patients with 1-3 metastasis and WHO is conduct-
ing performance status on patients with 0-2 metastasis who have previously
had resection of a brain metastasis and/or are planning to get radiosurgery.
Patients will be randomized to receive or not receive whole-brain radiothera-
py. A U.S. Intergroup trial, North Central Cancer Treatment Group (NCCTG)
NO0574, which will also be populated through the Eastern Cooperative
Oncology Group (ECOG), the American College of Surgeons Oncology Group
(ACOSOG), and the Cancer Trials Support Unit (CTSU) is being initiated, but
enrollment of patients for this trial has been slow. In this trial patients with 1-3
metastasis will be randomized to radiosurgery with or without whole-brain
radiotherapy. Both trials will address not only survival and brain recurrence,
but also quality of life and neurocognitive endpoints. These trials, in combina-
tion with mature results from JROSG99-1, should provide valuable quantita-
tive data about the important oncologic and quality of life endpoints that

patients and physicians should weigh when picking a treatment option.



The Role of Targeted Therapy Without Whole-Brain Radiotherapy | 139

Several large retrospective analyses provide additional supporting evidence
that there is unlikely to be a significant survival decrement resulting from omis-
sion of WBRT, although this has not been a universal finding and these series
are certainly subject to selection biases. Gerosa (6) reported survival outcome
for 804 patients with KPS =60 treated for 1,307 lesions, and survival outcome
was superior to that which would have been expected from whole-brain radio-
therapy without radiosurgery, likely reflecting a positive selection bias but also
suggesting that survival is not shortened by omission of whole-brain radiother-
apy. Median survival was 14 months and actuarial 1 year local progression free
survival at the treated lesion site was 93 percent. In the most extensive review
of this kind, Sneed (7) has reported retrospectively acquired data from multiple
institutions describing survival outcome for patients treated with and without
radiosurgery. Forty percent of patients had more than one lesion. The results are
summarized in Table 6.3, which shows no evidence of a survival benefit even
when patients are grouped according to the Radiation Therapy Oncology
Group (RTOG) recursive partitioning analysis (RPA) classification. In a sepa-
rate retrospective analysis, Sneed (8) reported that although brain recurrence
was more common without whole-brain radiation, allowing for one episode of
salvage treatment, the odds of brain control at any point in time appeared sim-
ilar. Finally, in this large data set, Sneed found no survival benefit from whole-
brain radiotherapy, even for patients with large numbers of metastases, suggest-
ing that omitting whole-brain radiotherapy is an appropriate option for select-
ed and motivated patients, even with extensive numbers of lesions.

Kondziolka (9) reviewed long-term survivors of gamma knife therapy (4
or more years) and compared these patients with short-term survivors to test

the hypothesis that long-term survival would be less likely without whole-brain

TABLE 6.3 Retrospective Comparison, Sneed et al. (7)

RADIOSURG WBRT + RADIOSURG
Number 268 301
Median surv 8.2m 8.6 m
1 year surv 38% 35%
Median surv Class | 14 m 15 m
Class Il 8m 7m
Class Il 5m 5m

Further Tx 37% 7%
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radiotherapy. There was no difference in these populations related to the use
of whole-brain radiotherapy, and many patients required several episodes of
radiosurgery over this period of time. Long-term survival was associated with
better performance status, fewer brain metastases, and less extracranial disease
when compared with outcomes of whole-brain radiotherapy.

In another interesting retrospective report, Varlotto (10) reported results
for patients who survived 1 or more year after stereotactic radiosurgery (SRS)
at the University of Pittsburgh to evaluate whether WBRT may contribute to
actual long-term distant brain control or whether the benefit might be transient
and not significantly relevant to long-term outcome. Distant brain control
(Table 6.4) was only modestly improved, and recurrence was common with or
without WBRT. This analysis, although retrospective, suggests that WBRT
may be only marginally beneficial in controlling tumor in the brain in the long
run. This may be a result not only of failure to control existing disease but also
the possibility that many brain failures may result from later reseeding that
cannot be addressed by immediate WBRT. The 1, 3, and 5 year failure rates
were 26 percent, 75 percent, and 75 percent in 40 patients treated with SRS
alone versus 21 percent, 49 percent, and 62 percent in 69 patients treated with
WBRT along with SRS.

Randomized data, prospective data, and retrospective data, therefore, are
all consistent in suggesting an absence of survival benefit with whole-brain
radiotherapy, although the limited size of the randomized trials has not justi-
fied definitive conclusions that eliminate all controversy surrounding this issue.
Brain tumor recurrence is common, and decisions are often based on the com-

peting risk of tumor recurrence and treatment-related toxicity.
Toxicity: A Reason to Avoid Whole-Brain Radiotherapy

WBRT has been associated with acute and late toxicities that have motivated

physicians and patients to avoid utilizing this therapy if possible. Acute effects

TABLE 6.4 Distant Brain Failure in Long-Term Survivors. Retrospective, Varlotto et al. (10)

>1 YEAR SURVIVORS 1 YEAR FAILURE 3 YEAR FAILURE 5 YEAR FAILURE

Gamma Knife (40) 26 7% 75 £ 10% 75 £ 9%
With WBRT (69) 21 = 5% 49 = 9% 62 £ 13%
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of treatment include substantial fatigue, hair loss, skin effects, otitis media, sig-
nificant fatigue, and the need for corticosteroids. The symptoms frequently per-
sist for several months and may be of substantial importance to the bulk of
patients who will survive less than a year, most often dying from progressive sys-
temic cancer rather than brain failure. These effects are not well studied but are
commonly observed in clinical practice. In a survey study (11) of subjective
complaints in patients treated with whole-brain radiotherapy along with radio-
surgery, 69 percent complained of excess fatigue, 60 percent reported decreased
short-term memory, 29 percent reported decreased long-term memory, 44 per-
cent complained about depression, and 13 percent expressed concern that their
hair had not grown back. These complaints were uncommon in a comparison
group treated with radiosurgery alone, and this may be of critical importance to
many patients whose illness will likely result in relatively near-term death.

Late neurocognitive sequelae have been reported as well and are of great
concern for those destined to be long-term survivors. DeAngelis, et al. (12)
reported on 12 patients treated with WBRT at a dose of 25-39 Gy in 3 to 6
Gy fractions. These patients were all found to have dementia, ataxia, and
incontinence at a median of 14 months after treatment. Indeed, smaller frac-
tion sizes are used in modern practice, and the actual incidence of radiation-
induced fulminant dementia is likely much lower. Studies using these regimens
in conjunction with neurocognitive follow-up have suggested general stability
in neurocognitive function for most patients in the short to medium term after
whole-brain radiotherapy in the absence of tumor recurrence.

Imaging studies confirm a structural effect of radiation even at modest
doses typically used for palliative whole-brain radiotherapy. In a study of 90
patients (13), the mean atrophy index was 1.08 + 0.18, 1.21 + 0.33 at 3
months and 1.28 + 0.4, 1.37 + .44, and 1.43 + 0.52 at 3, 6, 12, and 18
months after radiotherapy (RT). At 6 and 12 months, 30 percent and 47 per-
cent had an atrophy index greater than 1.3. Mini-mental state exam declined
only in a small percentage of patients with this follow-up, but this is an insen-
sitive test and evaluation including true neurocognitive testing is essential to
detect the more subtle but very meaningful dysfunction that is likely to occur
with follow-up over this limited period. Other studies have demonstrated a
measurable change on MRI spectroscopy and T2 MRI as a long-term visible
representation of the effects of radiation. Recently, Diffusion Tensor MRI (14)
has demonstrated the ability to detect early radiation related structural changes

even as early as one month posttherapy.
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A Toxicity of Omitting Whole-Brain Radiotherapy:
Risk of Symptomatic Brain Tumor Recurrence

The risk of developing new lesions in the brain is higher when whole-brain
radiotherapy is not utilized, and a preventable recurrence could potentially
cause neurological symptoms or injury. This could be considered a potential
“toxicity” of omitting whole-brain radiotherapy. This possibility must be
weighed against the actual toxicity of whole-brain therapy and has not been
rigorously studied.

Regine (15) reported that, of 36 patients treated with radiosurgery alone
for brain metastasis, 47 percent (17 patients) had a recurrence in the brain, and
71 percent (ten or 28 percent of originally treated patients) had neurological
symptoms at recurrence. The ultimate impact of this is unknown, as only some
of these recurrences would likely have been prevented by whole-brain radio-
therapy and some symptomatic recurrences undoubtedly responded favorably
to steroids and salvage treatment. Similarly, Lauterbach (16) reported that 38
percent of patients had recurrence diagnosed by symptoms rather than by rou-
tine MRI. Other series involving radiosurgery alone have generally not report-
ed the symptomatic impact of recurrence.

Importantly, tumor progression, as well as treatment toxicity, may also be
an important cause of neurocognitive decline, not just focal deficits. Myers (17)
reported the results of a large data set of patients prospectively evaluated with
neurocognitive testing after whole-brain radiation and found that decline was
most associated with tumor progression. There was no comparison group
treated with focal radiotherapy alone, and many likely had disease that was
too extensive, making it unclear whether a group treated with focal radiother-
apy would have fared better overall. But this data does highlight the issue of
the damage that can be caused by recurrence. The Japanese randomized trial
reported by Aoyama (18) included follow-up evaluation using the insensitive
mini-mental state test, and it was not clear that outcome differed with or with-
out whole-brain treatment. Recently reported short-term results of an RTOG
trial (19) that included neurocognitive testing demonstrated that a majority of
patients showed improvement one month after whole-brain radiotherapy, pos-
sibly as a result of beneficial effects on tumor. Longer-term data, however, is
clearly needed.

The possibility that recurrence may be an avoidable cause of functional

decline for some patients is certainly a reason for caution and for fully involv-
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ing the patient in the decision process. This risk should generally be a part of
discussions with any patient considering WBRT. Very timely MRI follow-up
for patients in otherwise good condition might be appropriate to detect asymp-
tomatic recurrence whether or not radiosurgery is utilized. The ongoing ran-
domized trials, which address various quality of life endpoints, should ulti-
mately provide important data beyond that which is currently available to

inform this decision-making process.

Criteria for Offering the Choice of Focal Therapy Alone

The data do not provide clear guidelines for patient selection for this option.
The possibility of higher risk of later lesions requiring treatment suggests it
should be offered to motivated patients who will comply with rigorous follow-
up, although even after whole-brain radiation there remains a substantial risk
of new lesions that necessitates close follow-up except in those patients who
are in a terminal condition from systemic tumor. The data described above also
suggests that if the number of metastases is greater than 3 or 4, especially if
they are large or there is active systemic disease, the rate of later distant brain
failure may be high enough that whole-brain radiotherapy should be strongly
considered. Similar considerations likely apply to patients who have had surgi-
cal resection.

Local therapy should be offered to well-selected patients who are likely to
benefit from this costly and more aggressive approach. Randomized trials have
shown a benefit when resection and/or radiosurgery is added to whole-brain
radiotherapy for 1-3 metastases in patients with good performance status.
These patients are generally treated with radiosurgey, and the patient care issue
is whether to add whole-brain radiotherapy rather than substitute radiosurgery
for less costly whole-brain treatment. Indeed, the available data suggests that
omission of whole-brain radiotherapy can be appropriately discussed with
most patients in that category.

Patients with substantially more than 3 lesions or bulky lesions may be
more likely to have near-term brain tumor recurrence, but the omission of
whole-brain radiotherapy may be considered after careful consideration and
discussion of the risks of recurrence and the need for rigorous follow-up. As
need for additional treatment in the near and medium term is high and may be
reduced by whole-brain radiotherapy, the countervailing benefits should be
explicitly considered for each patient’s individual circumstances. Potential
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additional factors to consider are that (1) radiosurgery does not generally
require a length delay until institution of systemic therapy, and this may be
important in the care of many patients; (2) this treatment causes less disruption
to normal activity such as work or vacation plans; (3) there are fewer short-
term quality of life effects and a lower time commitment for those who may
have only limited survival expectations; and (4) there is a potentially improved
neurocognitive outcome for long-term survivors. For patients with poor per-
formance status and/or predicted survival less than 3 months, the costs of the
therapy may be harder to justify, but the short time commitment involved and
minimal side effects may be an important advantage under carefully selected
circumstances.

Local therapy would most ideally be offered as a choice for patients if
there is a relative likelihood for long interval before need for future treatment,
although reduced treatment-related toxicity might still reasonably motivate
patients to attempt to avoid whole-brain radiotherapy and even prefer repeat-
ed applications of radiosurgery. Relevant data is reviewed below.

In the randomized trial of Aoyama, the following factors were associated
with increased risk of distant brain failure including 2 or more metastases (haz-
ard rate 1.69), presence of extracranial metastasis (hazard rate 2.06), and KPS
<90 (hazard rate 2.14). Sawrie (20) reported similar predictive factors for dis-
tant brain failure after focal therapy alone in a retrospective analysis, reason-
ing that if a group could be identified with a very high risk, whole-brain ther-
apy might be most appropriate. Interestingly, a favorable group consisting of
those with fewer than 4 metastases, no existing extracranial disease, and non-
melanoma histology had a median time to distant brain failure of 89 weeks
versus 33 weeks for those with 1 or more of these characteristics. The 1-year
probability of freedom from distant brain failure was 46 percent for three or
fewer metastases, whereas it was 0 percent for 4 or more, 27 percent for
melanoma versus 40 percent for other histologies, and 68 percent versus 30
percent for the presence or absence of extracranial disease. In multivariate
analyses, the number of metastases and extracranial disease were significant.
Although it may still be a reasonable treatment choice for those with higher
risk of distant brain tumor recurrence, the likely need for repeated treatments
and risk of symptomatic new lesions should be considered within the context
of each patient’s goals and medical situation.

The approach may be suitable for certain patients with 4 or more lesions,

but patients choosing this option must be willing to accept the high likelihood
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of need for further therapy. In an analysis by Lorenzoni (21), the presence of
more than three lesions and up to nine lesions was not prognostic for survival
after radiosurgery alone. Yan (22) reported that when radiosurgery was uti-
lized with or without whole-brain radiotherapy, survival was similar for those
with 1, 2, 3, 4-5, 6-7, and >8 lesions. Total target volume, age <65, KPS =70,
and absence of extracranial disease were prognostic for better survival out-
come. Amendola (23) reported radiosurgery alone results for patients with 10
or more metastases, with a reasonable survival outcome for those with KPS
>70 and especially with small volume disease less than 30 cm?.

The authors have analyzed outcome for 98 patients treated (24) with
radiosurgery for brain metastasis. One year and median survivals for patients
with three or fewer lesions was 38 percent and 8.4 months versus 32 percent
(n=66) and 6.7 months for those with more than four lesions (n=32). Median
survivals were 8.4 and 6.7 months, respectively (p=NS). Survival did not
appear to be affected by the use of prior whole-brain radiotherapy. Generally,
patients with four or more lesions treated with radiosurgery alone or with
whole-brain radiotherapy represent a highly selected group who may have
small volume disease despite the number of lesions, a good performance status,
and may have even had some of the lesions identified only on thin-cut MRI
performed on the day of the procedure after the frame was placed. The data
justifying this approach is retrospective, and it is likely these represent selected
groups of patients who had good performance status and smaller lesions.

Indeed, the more likely determinant of outcome after SRS is a change in
overall tumor volume. Bhatnagar (25), in a retrospective study of patients who
received SRS for >=4 metastases, found that total tumor volume, and not the
number of brain metastases, was predictive of overall survival. A similar report
by Kim (26) also demonstrated a significant correlation of survival with total
intracranial tumor volume (Table 6.5), but not with the use of WBRT or the
number of metastases. Yan et al. (22) also reported total tumor volume, rather

TABLE 6.5 Survival is Related to Total Volume of Brain Metastasis, Kim et al. (26).

VOLUME (CC) SURVIVAL (MONTHS)
<1 10.2

1-4.9 8.5

5-14.9 5.3

>15 3.6
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than absolute number of metastases, as prognostic. Yu et al. (27) found
intracranial tumor volume and presence of extracranial disease to be prognos-
tic in patients treated for metastatic melanoma. Thus, intracranial tumor vol-
ume may prove to be another appropriate tool to assess patients’ eligibility for
SRS. There is currently no established cut-off value for tumor volume in
patient selection for SRS alone, and this issue requires further study.

Given this limited data, it is not possible to develop clear guidelines for
selection. The treatment selection should be highly individualized, and may be
most dependent on meaningful discussion of the patients’ own views of the
trade-offs. Patients should be counseled on the toxicities of the therapeutic
options, and the high likelihood of need for salvage treatment for repeated
recurrences after focal therapy for 4 or more lesions or bulky lesions. For many
patients, the clear demonstration for a reduction in the relative risk of devel-
oping a new brain metastasis justifies a decision for whole-brain radiotherapy.
This decision may be motivated by a simple desire to reduce the risks of new
brain lesions, the fear of symptomatic recurrence, or the desire to reduce the
chances of needing future treatment. However, other patients may appropriate-
ly and knowingly choose an option that leads to a high risk of requiring more
treatment in the future because of the absence of a proven survival benefit as
well as because of the toxicities and burdens of treatment that may affect a sig-
nificant portion of remaining survival time. For patients for whom surgical
resection or radiosurgery is an appropriate option and in situations where all
known intracranial disease has been treated, consideration of the alternative of
omitting whole-brain radiotherapy is therefore reasonable and justified even as
we await the results of randomized trials that will likely provide data that will
better define the trade-offs involved in this decision and inform the choices that
must be made by individual patients and physicians.
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Chemotherapy for Brain Metastasis
What We Know and What We Don’t

Erin M. Dunbar

Brain metastases represent a heteroge-
neous group of systemic tumor histologies, which occur in an even more het-
erogeneous group of patients. Faced with the reality that the incidence of brain
metastases continues to increase worldwide, the international medical commu-
nity has met this challenge with enhanced dedication and new strategies.
Historically, chemotherapy has served a minor role, often used predominantly
for palliation and only after all surgery and radiation options were exhausted.
Factors contributing to the minor role of chemotherapy in brain metastases
include a lack of trials dedicated to brain metastases, a lack of agents demon-
strating efficacy, and a lack of appreciation for the benefits of long-term brain
control. However, thanks to the efforts of the patients, physicians, and
researchers who have contributed to the information reviewed below, those
factors are no longer lacking in the care of brain metastases.

The current standard options for patients able to receive aggressive ther-
apy include a combination of surgery, radiation, and sometimes chemotherapy.
Nonchemotherapy options are the focus of other chapters and will only be dis-
cussed in reference to their relationship to chemotherapy for brain metastases.
Instead, the following chapter will review the factors related to the use of
chemotherapy in brain metastases. It will review the evidence available for the
incorporation of chemotherapy into the multidisciplinary management of
brain metastases. It will emphasize the importance of collection and analysis of
serial tissue and development of histology-specific clinical trials. Finally, it will
highlight that careful balance must be maintained, including the balance

between the outcomes of various treatment modalities, the balance between the
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focus on the brain and on the body, and a balance between the length and qual-
ity of life.

Factors Determining Incidence

The incidence of brain metastases in the U.S. population is higher than ever. It
is estimated that symptomatic brain metastases alone will develop in ~10 per-
cent of adults with cancer during their lifetime (1,2). However, it is also esti-
mated that at least 20 to 40 percent of adult cancer patients will develop
asymptomatic brain metastases during their lifetime (3). When the total popu-
lation of tumors occurring within the brain are evaluated, more than 50 per-
cent are attributed to brain metastases. Collectively, these ratios translate into
an excess of 200,000 cases reported per year in the United States (4). Brain
metastases have different histologies, with the literature consistently reporting
~50 percent lung cancer, ~15 percent breast cancer, ~12 percent melanoma,
<10 percent colorectal cancer, and <10 percent adenocarcinoma of unknown
primary tumors. Of the histologies listed here, melanoma and breast are most
likely to present as multiple lesions (5). Numerous factors contribute to the
ever-increasing in incidence of brain metastases (1). The U.S. population itself,
estimated in 2006 to be ~300 million, continues to increase annually. People in
the United States are living longer, with current estimates of life expectancy for
both men and women in the mid-eighties. These combined factors result in a
population whose median age continues to rise, with the number of people
aged 65 or older estimated in 2004 to be 12 percent or ~35.9 million people
(6). Moreover, advances in health care unintentionally contribute to the grow-
ing number of brain metastases cases. Detection of brain metastases, both
symptomatic and asymptomatic, has increased as a results of the technological
improvement and more prevalent utilization of magnetic resonance imaging
(MRI). At the same time, the percentage of adult patients with cancer who
eventually develop brain metastases has grown as a result of improved local
and systemic therapies, including chemotherapy. The impact of lengthened
patient lives on the incidence of brain metastases is also attributable to the judi-
cious application of multimodality therapies and the increased adherence of
evidenced-based medicine. Also influencing the growing incidence of brain
metastases is the cumulative effect of increasing awareness and advocacy by
physicians, patients and caregivers, media, insurance companies, and medical

systems.
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Factors Determining Response

Brian metastases represent several unique challenges that limit the responsive-
ness of chemotherapy, including the blood-brain barrier (BBB), tumor charac-

teristics, inherent chemo sensitivity, and acquired chemoresistance.

Blood-Brain Barrier

The blood-brain barrier is a physical, chemical, electric, and osmotic barrier,
composed of intracerebral blood vessels, specialized endothelium, modified
astrocytic podocytes, and adjacent brain parenchyma. Special features of this
BBB include intercellular endothelial tight junctions, membrane-associated P-
glycoproteins, and intracellular multidrug resistance proteins. Interstitial and
intracranial pressure dynamics add to the challenge of manipulating the BBB.
In the normal brain, the BBB limits the passage of large and hydrophilic drugs,
including contrast dye and chemotherapy. However, there are certain natural
and iatrogenic situations in which there is at least partial disruption of the BBB,
therefore allowing substances to at least partially traverse the BBB. Examples
include infection, inflammation, ischemia, trauma, radiation, and the presence
of certain malignancies. Clinically, brain metastases are known for their reli-
able and homogeneous uptake of contrast enhancement on computed tomog-
raphy (CT) and MRI, suggesting at least partial disruption of the BBB (7).
Although metastases demonstrate the permeability of contrast dye into the
tumor, the amount and extent of chemotherapy permeability is much less clear
(8). Despite the challenges, there is increasing translational research evidence
of at least a partial and transient permeability of the BBB. Direct sampling of
the metastatic tumor after systemic chemotherapy exposure, via in vivo micro-
dialysis catheters or intraoperative specimen collections, have demonstrated
variable concentrations of drug within tumor. Additionally, direct comparisons
of tumor from the original systemic primary site and the subsequent brain
metastasis have revealed that P-glycoproteins have similar levels of expression
in the metastatic tumor as that of the systemic primary tumor and that mul-
tidrug-resistance genes can be differentially activated, depending on previous
drug exposure (9). Importantly, in addition to translational research evidence,
there is also increasing clinical evidence of responsiveness of some tumors to
chemotherapy. The ability to measure the clinical evidence of chemotherapy

response is complicated by the use of corticosteroids and anti-angiogenic
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agents, both known to independently alter BBB permeability. Collectively, the
increasing evidence of chemotherapy response in the treatment of brain metas-
tases has intensified translational and clinical efforts to preferentially bypass
and/or manipulate the BBB. One of the many areas of active investigation is the
differential exploitation of radiation, anti-angiogenic agents, and nanotechnol-

ogy for the penetration of chemotherapy across the BBB.

Tumor Characteristics

Systemic tumor histologies have different inherent predilections for the brain.
Histologies with some of the highest predilections to metastasize to the brain
include melanoma, small cell lung cancer, and germ cell tumors. Although a
comprehensive review of this topic is beyond the scope of this chapter, existing
evidence for the inherent predilections observed include the presence of embry-
ological, chemotropic, vascular, and cancer stem cell factors that facilitate the
metastasis of the cells from the primary systemic tumor into the central nerv-
ous system (CNS). In addition, the cytologic infrastructure of metastatic cells
(including their organelles, receptors, and channels) may affect their respon-
siveness to chemotherapy. Indirectly, the size of the metastases and the sur-
rounding microenvironment (including ischemia, hypoxia, acidity, and pres-
sure gradients) may affect their responsiveness to chemotherapy. Similarly, het-
erogeneity within the ultrastructure of the metastases itself may result in var-
ied disruption of the BBB and varied clusters of mutations. Collectively, these
tumor characteristics prevent chemotherapy from providing consistent and

clinically meaningful responses (10).

Chemosensitivity

There is increasing translational and clinical evidence that selecting a
chemotherapy that has demonstrated chemosensitivity with the primary sys-
temic tumor is very important in predicting chemotherapy response in brain
metastases (9). Some systemic tumor histologies, such as germ cell tumors or
certain lymphomas, are significantly more “inherently” chemosensitive.
However, obtaining high-quality evidence regarding the chemosensitivity of
brain metastases has been historically limited by certain factors. Existing stud-
ies, for example, have often pooled results from post hoc analyses of larger stud-

ies, often including patients with uncontrolled or unmeasured systemic disease.
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In addition, existing studies have often pooled results from both new and recur-
rent disease settings, often including patients with uncontrolled or unmeasured
numbers of previous therapies. Finally, existing studies have often pooled results
from trials indiscriminately including all histologies, often insufficiently report-
ing histology-specific chemotherapy response, pertinent outcome measures, or
even the status of brain disease at death. Moreover, the criteria used to deter-
mine chemosensitivity is too often limited to radiographic response alone, which
is at best, incomplete, and at worst, inaccurate. However, these historical limi-
tations are being actively addressed through improved translational modeling,

improved analysis of human tissue, and improved clinical trial design.

Chemoresistance

The etiology and contributions of a brain metastasis’ inherent chemosensitivi-
ty versus its acquired chemoresistance are not fully understood. However,
analysis of serial tumor specimens and clinical experience support that at least
a portion of the cancer cells that have metastasized to the brain have already
acquired resistance to many drugs, including those originally used treat the sys-
temic disease. Several prospective clinical trials and retrospective analyses
report that patients who have not previously been treated with chemotherapy
will experience response rates at their brain metastases that are comparable to
those seen at their systemic site (11). In contrast, patients who have already
been treated with chemotherapy, will experience response rates at their brain
metastases that are less impressive (12). There are many reasons for this differ-
ence in clinical experience. Patients initially presenting with widely metastatic
disease, including the brain metastases, are likely biologically different from
those developing meta-synchronous metastases to the brain at progression. In
vivo and in vitro translational research evidence are beginning to unlock the
etiology and contributions of this differential chemosensitivity, and clinical

researchers are anxious to exploit them.

Factors Determining Treatment Strategy

Currently, the standard treatment options for patients with brain metastases
include symptom control, surgery, whole brain radiation therapy (WBRT), and
stereotactic radiosurgery (SRS). Multiple factors help determine the ideal selec-

tion for an individual patient.
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Standard Treatment Options

For patients who desire treatment, and have controlled systemic disease, good
prognostic factors, and one brain metastasis, the standard practice is maximal-
ly safe surgery followed by either WBRT or SRS. For those for whom surgery
is not a safe option or the metastasis is in a surgically inaccessible location, SRS
delivers equivalent results. The above strategy can be used in some patients
with a limited number of metastases. WBRT is used, along with surgery or
SRS, to prevent local and brain recurrence. Alternatively, in the setting of mul-
tiple brain metastases and palliation, WBRT can be used alone.

The median survival of those treated with only corticosteroids or only
surgery is ~1 to 2 months or ~3 months, respectively (13). In comparison,
prospective randomized trials demonstrate that the median survival with
WBRT alone is ~4 to 6 months. Those treated with more than one modality,
such as surgery followed by WBRT or surgery followed by SRS, have an
enhanced survival by several weeks. There is definitive, albeit modest, improve-
ment in the endpoints of local control, brain control, survival, and quality of
life with these modalities. However, until definitive benefit can be demonstrat-
ed for chemotherapy with these endpoints, the use of chemotherapy will

remain somewhat ancillary and palliative.

Prognostic Factors

Careful analysis of large studies of patients with brain metastases has identi-
fied factors that predict an improved response and overall survival. These fac-
tors have been developed into validated prognostic criteria that can be used to
tailor available therapies to the individual patient. One of the most frequent-
ly used, the recursive partitioning analysis (RPA) developed by the Radiation
Therapy Oncology Group (RTOG), incorporates the factors of performance
status, extent of extracranial disease, and age. This three class prognostic sys-
tem has been validated with thousands pf patients (14-16). Class I (favorable
prognosis) has Karnofsky performance score (KPS) >70, age <65, no extracra-
nial metastases, a controlled primary tumor, and a median survival of 7.1
months. Class II (intermediate prognosis) has KPS >70, but with other unfa-
vorable characteristics and a median survival of 4.2 months. Class III (poor
prognosis) has a KPS <70 and a median survival of 2.3 months (15). Using
these criteria, it is standard practice to offer RPA Class I and Class II patients
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multimodality therapy and RPA Class III patients either WBT alone or pallia-
tive care.

Chemotherapy Agents

Thanks to a century of medical advancements, there has been an astonishing
increase in the number of chemotherapeutic drug classes and resultant drug
choices. Once faced with only minimal chemotherapeutic options, clinical
researchers now must use preclinical models to select the subset of agents most
likely to have clinical efficacy. Once faced with a more homogeneous popula-
tion of patients considered candidates for chemotherapy, physicians now must
acknowledge that both the patient population and clinical trials have changed.
For instance, patents increasingly present with asymptomatic brain metastases,
with the brain the only site of active disease. Likewise, patients tend to be in
better overall health and better tolerate chemotherapy with the help of modern
supportive care. Finally, clinical trials tend to be better equipped to answer
chemotherapy-related preclinical and clinical questions.

Outcomes

There has been a shift in the desired outcome measurements for therapies admin-
istered for brain metastases, including chemotherapy. Although the gold stan-
dard remains overall survival (OS), other endpoints, including clinical and/or
radiographic response rate (RR), time to progression (TTP), and disease-free sur-
vival (DFS), have become more frequently used surrogates. In addition, neuro-
logic status, overall performance (functional) status (PS), neurocognitive per-
formance, quality of life (QOL), and healthcare utilization are becoming increas-
ingly important endpoints. The latter is, at least in part, due to the collective
advocacy of patients, their caregivers, the media, and the financial entities with-
in health care. One illustration of many includes the previously held firm belief
that incidentally found brain metastases were asymptomatic. However, recent
research has eloquently shown that 65 percent of patients eventually diagnosed
with brain metastases demonstrated cognitive impairment (usually in multiple
domains) on detailed neurologic testing, even prior to their diagnoses (17).
Determining where the latter outcome measurements will rank amongst the tra-
ditional endpoints will become a little clearer when the results of several multi-
center phase II/III trials using them become available in the near future.
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Treatment Strategies Incorporating Chemotherapy

As in systemic malignancies, chemotherapy used for brain metastases can be com-
bined in a variety of ways, either at diagnosis or at recurrence, either with other
treatment modalities or alone, either with the goal of disease control or palliation.

Concurrent Chemotherapy with Whole-Brain Radiation (WBRT)

Over the years, multiple chemotherapy agents have been administered with
WBRT. Treatment has been administered in a concurrent, neo-adjuvant or adju-
vant setting, either at new diagnosis or at recurrence. Some of the most common
agents used in combination with radiation include nitrosureas, tenopiside, tega-
fur, the platinums, temozolomide, and a number of newer agents. Of the common
agents listed here, temozolomide is of particular interest. Preclinically, this agent
that has demonstrated radiosensitizing properties and has also demonstrated pro-
nounced benefits both in tumors with certain histologies and tumors with a
methylated MGMT (O(6)-methylguanine-DNA-methyltransferase) DNA repair
enzyme (a.k.a. “silenced” or ineffective DNA repair enzyme). Further outlined in
the individual histology sections below, the combination of temozolomide and
WBRT has demonstrated improved radiographic responses, decreased neurolog-
ic toxicity, and improved quality of life. The following clinical trials with temo-
zolomide illustrate the achievable impact of concurrent WBRT and chemothera-
py. In a phase II trial, 52 patients with new brain metastases were randomly
administered temozolomide (75mg/m?/day) concurrently with standard WBRT
(30 Gy) versus WBRT alone. The objective response rate was 96 percent (38 per-
cent complete response and 58 percent partial response) for the combined versus
67 percent objective response (33 percent complete response and 33 percent par-
tial response) for the WBRT alone (p = 0.017). In addition, fewer patients
required corticosteroid therapy two months after treatment (67 percent versus 91
percent) (18). In another phase II trial, 82 patients with brain metastases were
randomly administered WBT alone versus WBRT with concurrent temozolomide
75mg/m?/day, followed by 2 months of adjuvant temozolomide (200mg/m?/day)
on days 1-5 out of a 28-day month. In addition to the absence of any additional
neurologic toxicity, the results of the concurrent arm supported improved brain
control. Progression free survival (PFS) at 90 days was 54 percent for WBRT ver-
sus 72 percent for WBRT and temozolomide (p = 0.03), and death from brain
metastases was higher in the WBRT alone arm (69 percent versus 41 percent)
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(p = 0.03) (19). A third phase II trial of 59 patients with brain metastases were
all administered concurrent WBRT (30 Gy) and temozolomide (75mg/m?/day),
then followed by up to 6 months of temozolomide (150mg/m?/day) on days 1-5
of a 28-day month. There were 5 patients with a complete response, 21 with a
partial response, and 18 with stable disease. The overall response rate was 45 per-
cent, the median time to progression was 9 months, and the median overall sur-
vival was 13 months. Using the FACT-G, there was a significant improvement in
quality of life (p <0.0001) (20). Numerous exciting trials with concurrent temo-
zolomide and WBRT are ongoing, including several evaluating the relationship
between clinical response and MGMT-methylation status of the tumor.
Unfortunately, other chemotherapy agents administered with WBRT for brain
metastases have not demonstrated significant improvements in response rates,
survival, quality of life, or performance status, when compared in trials to WBRT
alone. This pertains to chemotherapy agents administered in the concurrent, adju-
vant and neo-adjuvant settings with WBRT, and includes carboplatin, 5-fluo-
rouracil, chloronitrosoureas, cisplatin, vinorelbine (21-23).

The successful combination of small molecule inhibitors and radiation in
other tumors, including head and neck squamous cell carcinoma, has led to
similar evaluations in brain metastases. One example includes the ongoing
phase II trial RTOG 0320, which involves erlotinib, a small molecular
inhibitor of the epidermal growth factor receptor’s (EGFR) intracellular tyro-
sine kinase (TK) domain. This trial compares WBRT and SRS alone (arm 1)
versus with TMZ (arm 2) or erlotinib (arm 3) in patients with 1-3 brain metas-
tases from non-small cell lung cancer (NSCLC). Results from this and similar
trials are eagerly anticipated.

Given the increasing role of stereotactic radiosurgery (SRS) in the man-
agement of brain metastases, it is worth noting that numerous trials underway

are evaluating combinations of chemotherapy and SRS.

Chemotherapy Alone

The role of chemotherapy, as a monotherapy, is yet to be fully defined. Settings
for the use of chemotherapy include both new diagnosis and recurrence. Goals
of therapy include control of the tumor, palliation of symptoms, or a combina-
tion. Historic success with chemotherapy has been variable, partly due to an
evolving understanding of drug delivery, effective agents, and clinical trial
design. The literature addresses a limited number of trials dedicated to the eval-
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uation of brain metastases. Only a subset of these trials have been adequately
designed or powered to answer either clinical histology-specific or preclinical
translational questions. Despite these limitations, the collective review of these
historical trials reveals the following important trends.

In general, the chemosensitivity of the primary systemic tumor to a given
chemotherapy agent remains a very important predictor of chemosensitivity in
the subsequent brain metastases. Additionally, the clinical response of
chemotherapy in the treatment-naive patient is typically better than the response
in patients who have already received one or more treatments. Moreover, the
historical limitations of chemotherapy for brain metastases have inspired cur-
rent investigators to incorporate new strategies, including innovative screening
profiles, delivery systems, and clinical trial design. As discussed in the histology-
specific sections below, temozolomide is one of the most researched chemother-
apy agents for use as a monotherapy, given its oral absorption, excellent CNS
penetration, and distinction from other chemotherapy agents requiring activa-
tion (24). Its role in the treatment of brain metastases is still evolving, and there
have been a few recent phase II and III trials evaluating its use in this patient
population. Another chemotherapy evaluated as a monotherapy in brain metas-
tases is methotrexate, and agent with excellent CNS penetration when adminis-
tered systemically at sufficient doses. This is illustrated in a phase II trial of 31
patients with brain metastases who were administered methotrexate (3.5gm/m?
once per cycle). After a median of 4 cycles, 28 percent of these patients achieved
an objective radiographic response, 28 percent achieved stable disease, and 44
percent progressed. The median overall survival (n = 32) was 19.9 weeks (25).
A variety of other chemotherapy agents have only been described in case reports
or case series as potential monotherapy for brain metastases. Given the recent
tremendous increase in chemotherapy classes and individual drugs, the role of
chemotherapy as a monotherapy remains completely undefined.

Of particular note is the need to balance the potential benefits of extend-
ed, increased or concurrent dosing strategies with chemotherapy with the
potential complications of immunosuppression, such as CD4+ lymphopenia

or neutropenia, anemia, or organ-toxicity that result from systemic agents (26).

Radiosensitizing Agents

Optimizing the effects of radiation on the tumor, with little to no effect on the

remaining brain, remains of great interest to researchers and clinicians.



Chemotherapy for Brain Metastasis: What We Know and What We Don’t | 159

Decades of preclinical research have revealed radiosensitizing properties of
many of these agents with radiation, in both in vitro tests and in vivo animal
models. Some of these agents are traditional chemotherapies, while others
include oxidation-reduction agents, small molecule inhibitors, and additional
agents. Despite their preclinical radiosensitizing properties, none of these
agents has yet resulted in clinically meaningful improvements for brain metas-
tases. Even more disappointing are consistent reports of the associated
increased toxicity and intolerability. Examples of these agents include supple-
mental oxygen, metronidazole, misonidazole, metoxafin gadolinium (MGd),
efaproxiral (SR13), bromodeoxyuridine (BrdUrd), lonidamine, platinums,
temozolomide, and others (27-31). In summary, with the exception of temo-
zolomide and MGd, these agents have not demonstrated a statistically signifi-
cant improved rate of tumor control, tolerance, quality of life, or survival (32).
The latter, metoxafin gadolinium (MGd), a metalloporphyrin redox modulator
with preferential action on tumor cells, is inspiring renewed interest in
radiosensitizing agents with several recent phase III demonstrating a delayed
neurologic decline in patients with non-small cell lung cancer (NSCLC) brain
metastases (33). In the first of two recent phase III trials, over 400 patients with
brain metastases of various histologies were administered WBRT (30Gy) with
or without MGd (5 mg/kg). Results hinted at an improvement in overall neu-
rologic function in the first group, with 63 percent of NSCLC patients demon-
strating improvement in memory and executive function (34,35). These
encouraging results helped to launch the second phase III trial of similar study
design, which focused exclusively on over 550 NSCLC patients (36). Using
validated measurement criteria and blinded centralized review, researchers
found that there was a trend to increased time to neurologic progression, the
primary endpoint in the study, in patients receiving MGd (15.4 with combina-
tion versus 10 months with RT alone). Survival was similar in both arms (~5
months). It is important no note that only patients who initiated WBRT with-
in 3 weeks demonstrated improvement. The ability of MGd to improve neuro-
logic functioning, quality of life, and potentially even overall outcomes, are
being evaluated in numerous ongoing studies (37). Other chemotherapies,
including temozolomide, 5-FU, platinums, and others have also demonstrated
radiosensitizing properties with radiation. If applicable to the treatment of
brain metastases, they are discussed below.
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Chemotherapy with BBB Manipulation

Reliable delivery of chemotherapy into brain tumors, whether primary or
metastatic, has led many scientists to pursue ways of circumventing the multi-
faceted BBB. Techniques have included delivering higher concentration of
chemotherapy through BBB vessels, as well as disrupting the integrity of BBB
vessels. This is illustrated by the administration of chemotherapy into the
carotid artery, either with or without the use of osmotic blood brain barrier
disruption agents, such as mannitol. To date, trials using this strategy (largely
small case series, in both primary and metastatic brain tumors), have resulted
in relatively modest efficacy and at the expense of moderate toxicities (38,39).
Despite the somewhat disappointing historical results, international interest in
BBB disruption is increasing as agents such as monoclonal antibodies, whose
large size and properties limit BBB permeability, are becoming standard thera-

py in several systemic malignancies (40).

Chemotherapy for Micrometastases

The goal of preventing the recurrence of brain metastases is increasingly
focused on the treatment of micrometastases, felt to be insidiously present at
the time of diagnosis. Until recently, the only modality demonstrating efficacy
was prophylactic cranial irradiation (PCI). PCI has been standard practice for
small cell lung cancer (SCLC) patients, with either limited-stage disease or
good-performance extensive stage disease, who experienced a good systemic
response to chemotherapy. Illustrating this is a recent phase II trial of patients
with extensive stage SCLC who responded to chemotherapy, a trial which ran-
domized patients to either PCI or no PCI. The patients administered PCI had
a lower risk of subsequent symptomatic brain metastases (hazard ratio, 0.27;
95 percent confidence interval [CI], 0.16 to 0.44; p <0.001), with an increase
in median disease-free survival of 14.7 weeks (PCI) versus 12.0 weeks (no
PCI), and a median overall survival of 6.7 months (PCI) versus 5.4 months
(no PCI). Researchers reported that, although PCI resulted in measurable side
effects to this patient population, there was no clinically significant effect on
the global health status of this population (41). So, although PCI has been
shown to reduce the occurrence of subsequent SCLC brain metastases, many
related issues require further evaluation. These include the optimal dose and
timing of PCI, the measurement and management of long-term effects of PCI,
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the role of PCI in extensive-stage SCLC, and the role of PCI in other systemic
malignancies with high predilection for brain metastases (42). Concern that
PCI and other forms of radiation cause delayed neurocognitive compromise
has fueled the pursuit on nonradiation strategies to treat micrometastases.
Chemotherapy agents with excellent CNS penetration, including temozolo-

mide, lapatinib, and many others, are currently under investigation.

Considerations for Certain Histologies

The optimal treatment of brain metastases is increasingly based on an in-depth
understanding of its histology of origin. Ideally, this requires not only a basic
confirmation of the histology of the metastasis, but also a precise analysis of
its individual molecular and genetic features. Only then can chemotherapies be
tailored to exploit a unique profile. Similarly, the heterogeneity of tumor char-
acteristics—chemosensitivity, chemoresistance, and the BBB—makes compara-
tive analysis of serial biopsies from a given patient extremely valuable.

The efficacy of chemotherapy in select histologies, including lung cancer,
breast cancer, and melanoma, will be discussed below. These histologies were
partly chosen for their frequency for metastasizing to the brain and were part-
ly chosen for their relatively good response to chemotherapy. Some histologies,
including the exquisitely chemosensitive germ cell tumors and primary central
nervous system lymphomas, were intentionally omitted from this discussion
because they do not represent the common challenges faced by chemotherapy

in the treatment of brain metastases, as discussed in this chapter.

Small Cell Lung Cancer

The incidence of developing symptomatic brain metastases is estimated to be
~50 percent, with approximately 10 percent of brain metastases identified at
diagnosis and 40 percent identified later in the disease course. SCLC is typical-
ly very chemosensitive early in the disease course, regardless of the burden of
initial disease (43). Although reported response rates vary widely, patients who
have received little to no prior treatment appear to have brain metastases that
are generally just as chemosensitive as the systemic disease. In contrast,
patients who have received multiple prior treatments appear to have less
chemosensitive brain metastases (44-46). Unfortunately, regardless of a

atient’s initial response to chemotherapy, the incidence of relapse, both sys-
P P pY- P y
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temically and in the brain, is high. Traditional chemotherapy agents include
cisplatin, carboplatin, etoposide, irinotecan, topotecan, and others. The pre-
vailing standard of care is a combination of platinum and etoposide. Newer
chemotherapy agents and combinations have failed to provide superior results
over this regimen, including in the prevention and/or control of brain metas-
tases (47). Topotecan, recently FDA approved for the treatment of relapsed
SCLG, is currently being evaluated for its use in the prevention and control of
brain metastases. (The role of PCI in SCLC was discussed earlier in this chap-

ter, in the section on micro-metastases.)

Non-Small Cell Lung Cancer

It is estimated that ~20 percent of patients with non-small cell lung cancer
(NSCLC) will develop brain symptomatic metastases within their lifetime (1).
Brain metastases in NSCLC patients (as compared to brain metastases in
SCLC) tend to occur later in the disease and with more than one lesion.
NSCLC is also less chemosensitive than SCLC, even in patients who are naive
to radiation and chemotherapy. As in other histologies, response rates for
chemotherapy are better early in the disease course, in the treatment naive, and
in the use of chemotherapies known to be chemosensitive in systemic NSCLC.
Historically, clinical trials of chemotherapy for NSCLC brain metastases have
not shown a significant improvement in outcomes over the use of radiation
alone. Collectively, response rates for single and double chemotherapy agents
range between 10 and 40 percent. Platinum-containing regimens and newer
agents have the highest efficacy. In prospective trial of 43 treatment-naive
patients with NSCLC, the objective response rate to the combination of cis-
platin and etoposide was 30 percent, and the median survival was 32 weeks
(48). In other trials with treatment-naive patients, platinums combined with
paclitaxel, irinotecan, ifosfamide, vinorelbine, gemcitabine, and others have
shown similar modest efficacy, with responses between 28 and 45 percent
(48-51). When used singly, newer agents (such as topotecan) have unfortunate-
ly also only shown similar efficacy (52). When used in combination, newer
agents (such as gemcitabine with irinotecan) have shown no improvement. In
addition, these combinations have often shown increased toxicity. This was
illustrated by the SWOG 0119 phase II trial performed in NSCLC patients
with extensive disease and controlled brain metastases. Some received radia-
tion to their systemic disease but none received chemotherapy. In this trial, 84
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patients were treated with gemcitabine 1000 mg/m? and irinotecan 100 mg/m?
on days 1 and 8 of a 21-day cycle, for a maximum of six cycles. The response
rate of 32 percent was disappointing. The regimen was not well tolerated, with
diarrhea occurring in 57 percent (grade 3/4, 18 percent) and other grade 3/4
toxicities occurring frequently: neutropenia (26 percent), anemia (10 percent),
thrombocytopenia (8 percent), febrile neutropenia (5 percent), fatigue (11 per-
cent), nausea (10 percent), and vomiting (8 percent) (53). Since the above clin-
ical trial results were reported, translational research advancements and novel
agents have provided new opportunities for use of chemotherapy in the multi-
modality care of brain metastases.

The modest efficacy of agents chosen for their chemosensitivity to sys-
temic NSCLC has led researchers to evaluate agents by other criteria, such as
CNS penetration. Given its excellent CNS penetration and promising efficacy
in primary brain tumors, temozolomide has been evaluated in a variety of
brain metastasis histologies, including NSCLC. In patients who developed
metastases after previous WBRT, temozolomide has been relatively disappoint-
ing with responses ranging less than or equal to 20 percent (54-56).
Furthermore, temozolomide has also been disappointing in patients who have
not already had previous WBRT. This is exemplified by a phase II trial of
NSCLC patient with multiple metastases who had not been previously treated
with WBRT and who were randomized to either WBRT (30 Gy in 10 frac-
tions) or temozolomide (200 mg/m? days 1 to 5 every four weeks). WBRT
seemed to have a greater efficacy in controlling brain metastases recurrence at
eight weeks than temozolomide alone (57).

However, the relatively disappointing results of temozolomide alone,
whether before or after patients have received WBRT, stands in contrast to the
improved radiographic responses seen when temozolomide and WBRT are
concurrently administered to newly diagnosed NSCLC brain metastases
patients. This was illustrated by a phase II study in which 52 patients were ran-
domly assigned to WBRT either alone or with temozolomide. The overall
response rate was significantly higher with the concurrent approach, 96 per-
cent versus 67 percent (p =.017). Also of importance, fewer patients required
corticosteroids two months after therapy, 67 percent versus 91 percent (18).
Further investigations are ongoing.

Given that chemotherapy has not yet demonstrated significant treatment
advances over surgery and radiation, alternative systemic agents continue to be

evaluated. The identification of small molecule inhibitor agents as effective
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agents in lung cancer represents one of those strategies. Small molecule
inhibitors, including the epidermal growth factor receptor (EGFR) inhibitors,
are attractive for many reasons, including their frequent oral route of adminis-
tration and absence of traditional toxicities, such as myelosuppression.
Toxicities to the epidermal structures, including the skin, hair, nails and
mucosa appears to be predominant, but are relatively manageable (58).
Epidermal growth factor receptor inhibitors, including gefitinib and erlotinib,
may have at least modest efficacy in NSCLC brain metastases. This was illus-
trated by a nonrandomized prospective phase II trial of 41 patients with newly
diagnosed brain metastases treated with gefitinib. Twenty-seven percent expe-
rienced control of their disease, 4 patients with a partial response and 7 with
stable disease (59). There is also evidence to suggest that EGFR inhibitor
agents may demonstrate responses in recurrent NSCLC brain metastases (60).
Although the role of EGFR inhibitors in NSCLC brain metastases is still evolv-
ing, review of the EGFR inhibitor literature that addresses both systemic dis-
ease and brain metastases reveals three apparently consistent themes. First,
responses seem to be correlated to the presence of EGFR mutations, albeit they
appear to be distinct mutations in different patient populations and disease
types (61). Second, responses seem to be correlated to patients of Asian descent
and patients who have never smoked (62). Third, responses seem to be corre-
lated to the development of skin rash toxicity (63). These early suggestions of
improved response and tolerability have prompted further evaluation, both
with radiation or without, as well as with other chemotherapies or without.
Similarly, further evaluations of EGFR inhibitors in the use of systemic NSCLC
will require scrutiny to determine whether the brain is a sanctuary site, thus
contributing to failure in the brain. This was at least suggested in a trial of 139
patients who experienced higher than average subsequent leptomeningeal
metastases after receiving gefitinib (64). It will also be important to further
explore whether certain histologies respond to EGFR inhibitors differently,
something already seen in one large representative phase II trial of NSCLC,
which suggested improved response of the histologic subtype of adenocarcino-
ma to gefitinib (65). Another small molecule inhibitor, a monoclonal antibody
to the vascular endothelial growth factor receptor (VEGFR), bevacizumab, has
been recently approved by the FDA for the treatment of advanced nonsqua-
mous NSCLC. Anti-angiogenic agents, including bevacizumab, have demon-
strated positive responses in primary brain tumors and peritumoral edema but

have, unfortunately, demonstrated risks of intracranial hemorrhage and other
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deleterious vascular complications. Thus, clinicians are proceeding carefully
with investigations of small molecule inhibitors in brain metastases.
Chemotherapy agents and small molecule inhibitors, with demonstrated
chemo-sensitivity to systemic NSCLC, have been administered concurrently
with radiation in an attempt to improve response. These agents include carbo-
platin, S-fluorouracil, chloro-nitrosoureas, cisplatin, vinorelbine, teniposide,
and others (21-23,66). Thus far, however, none of these systemically effective
agents, when administered with concurrent radiation, have shown significant

improvement outcomes over radiation alone.

Breast Cancer

Breast cancer is the second most likely systemic malignancy to metastasize to
the brain. Biologically, breast cancer has a high predilection for the brain, and
is often the first site of relapse (67). This is at least partially secondary to the
improved systemic control afforded by newer therapeutic combinations that
results in patients living longer. This is also at least partially secondary to the
reality that many systemic treatments currently used for breast cancer may not
have significant CNS penetration. Both of these factors are well illustrated by
the patients with HER-2 neu positive breast cancer who receive trastuzumab,
a large antibody small molecule inhibitor of the Her-2 neu receptor, as part of
a very efficacious multimodality regimen (68-70). Whether the documented
increased incidence of breast cancer metastases in this population is reflective
of longer survival afforded by this trastuzumab or, instead, trastuzumab’s
inability to penetrate the CNS, remains a controversial topic of investigation.
Nonetheless, patients treated with this agent require adequate surveillance
(71,72).

Breast cancer is one of the most chemosensitive solid malignancies.
Chemotherapy agents proven efficacious to systemic breast cancer include tax-
anes, platinums, anthracyclines, antimetabolites, alkylating agents, vinorelbine
and others. Although, these agents do not significantly penetrate the intact
BBB, they have each demonstrated some degree of response in the setting of
brain metastases. This suggests that the relative disruption of the BBB in the
setting of brain metastases may allow a wider array of agents impact outcomes
in the CNS. As with other histologies, responses to chemotherapy are better in
those patients early in their disease course, in the treatment naive, and in the

use of agents known to be chemosensitive to systemic breast cancer. Numerous
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chemotherapy regimens have demonstrated objective responses, ~30 to 80 per-
cent in the setting of newly diagnosed brain metastases, and in some cases lep-
tomeningeal metastases. Common components of these regimens include
cyclophosphamide, 5-flourouracil (5-FU), capecitabine (oral 5-FU pro-drug),
methotrexate, vincristine, etoposide, cicplatin, carboplatin, topotecan, and
others (25,48,73-79). When reviewed collectively, the responses are not supe-
rior to those when WBRT is utilized alone.

Moreover, in the setting of recurrent brain metastases, the responses of
chemotherapies known to have efficacy in systemic breast cancer are even less
impressive. Therefore, just as with other histologies, clinicians have turned
toward agents known for their excellent CNS penetration. Temozolomide has
been evaluated in recurrent breast cancer brain metastases. Unfortunately,
responses to date have been disappointing, ranging from 0 to ~20 percent
(55,80). Despite this early trial experience, temozolomide, given its ability to
palliate the symptoms of brain metastases and its relative tolerance by older
patients, may still have a role in treating this patient population (81-83). It
addition, the role of temozolomide may also increase if its concurrent admin-
istration with other chemotherapy agents improves responses and/or pallia-
tion. The latter is suggested in a small phase I trial, where concurrent temo-
zolomide and capecitabine were administered to breast cancer brain metastases
patients until progression. Fourteen of the 24 were newly diagnosed, and 10
were recurrent and had received up to 3 prior chemotherapy regimens. Results
included 18 percent objective response rate, 12 week median time to progres-
sion, and stable to improved neurocognitive function in those patients with sta-
ble disease or response (84).

Over the past decade, small molecule inhibitors have revolutionized the
treatment of patients with breast cancer. Three of the most important small
molecule inhibitors include trastuzumab, an IV humanized monoclonal anti-
body against the HER-2 receptor; bevacizumab, an IV monoclonal antibody
against the vascular endothelial growth factor receptor (VEGFR); and lapat-
nib, an oral “dual-active” ERB-1 and HER-2 (ERB-2) tyrosine kinase inhibitor.
Trastuzumab does not significantly penetrate the BBB, whereas both beva-
cizumab and lapatinib do. Although the complex causative factors are still
being elucidated, the widely experienced phenomenon of increased brain
metastases in patients given trastuzumab, has resulted in the increased use of
lapatinib (70,85). Also effective in systemic HER-2 neu positive breast cancer,
lapatinib appears both to penetrate the BBB and to have early promise in this
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patient population. In a phase II trial, 39 patients who developed brain metas-
tases while on trastuzumab were administered lapatinib (750 mg twice daily),
with 2 patients with a partial response, 1 with a minor response, and 5 with
stable disease for several months (86). Lapatinib is currently FDA approved in
combination with capecitabine in HER-2 positive breast cancer patients who
require treatment and who have previously received taxane, trastuzumab, or
anthracycline. Interestingly, in this sentinel study, fewer patients in the lapa-
tinib group developed brain metastases as the first site of progression (11 ver-
sus 4) (87). Interest in lapatinib increased after this study was published and,
currently, numerous trials are ongoing with lapatinib, alone in combination
with other chemotherapies, in patients with HER-2 positive breast cancer brain
metastases. The agent is also currently being evaluated with other small mole-
cule inhibitors, including bevacizumab (88). Lapatinib promises to be an
important tool in the treatment of HER-2 positive breast cancer metastases.
It is worth mentioning that brain metastases may also respond to
endocrine therapy. Tamoxifen has been shown to achieve significant concentra-
tions in brain metastases and several cases of response have been reported

(89,90). Letrozole, an aromatase inhibitor, may have a similar effect (91).

Melanoma

The incidence of melanoma is increasing at a rate greater than any other
human cancer. Patients with melanoma have the 3rd highest predilection for
the development of symptomatic brain metastases within their lifetime.
Regardless of the location or burden of disease, melanoma is considered both
relatively radioresistant as well as chemoresistant and is, therefore, very diffi-
cult to treat. Despite this, systemic agents are still used in the high-risk adju-
vant, recurrent, or metastatic settings, either alone or in combination. These
include interferon-alfa (INF-a), high-dose interleukin 2 (IL-2), dacarbazine
(DTIC), platinums, and investigational agents, such as small molecule
inhibitors (92). As with other histologies, response rates are highest for agents
known to be chemosensitive in systemic melanoma and in the treatment naive
(48). Temozolomide was identified as a potential agent for melanoma brain
metastases when clinical trials of its use in systemic melanoma reported less
frequent failures in the brain (93). Dedicated trials followed. To date, temo-
zolomide shows one of the most consistent responses as a single agent against
melanoma brain metastases. As in this phase II study, sadly, overall objective
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response rate are only ~10 percent (94). The combination of temozolomide
and thalidomide did not show any better response but did show increased tox-
icity, predominantly thromboembolic events and fatigue (95,96). A phase II
observational trial of 62 previously untreated advanced melanoma patients, 8
of whom had brain metastases, the combination of docetaxel and temozolo-
mide resulted in 3 of the 8 brain metastases partially responding (97). Other
combinations, such as lomustine and temozolomide, both well known for
their BBB penetration, have shown no activity in a similar patient population
(98). Other chemotherapies have been evaluated in combination with biolog-
ic systemic agents. IL-2 and interferon-alfa are two biologic agents which have
produced partial responses in systemic metastatic melanoma, including those
with preexisting brain metastases. Their addition to cisplatin did not improve
response in 14 such patients (99,100). Chemotherapy dose intensification has
also proved an unsuccessful strategy to date. This is illustrated by a prospec-
tive, multicenter, open-label phase II trial of dose-intensified temozolomide.
45 asymptomatic patients with documented brain metastases (21 chemother-
apy naive and 24 with previous chemotherapy) were administered either
temozolomide at 150 mg/m?/day or at 125 mg/m?/day during days 1 through
7 and 15 through 21 of a 28 day cycle. This biweekly schedule was fairly well-
tolerated but showed <5 percent objective response rate in both the brain and
systemic metastases (101). Current strategies being evaluated with temozolo-
mide in melanoma brain metastases include the preselection of patients
expected to have an increased response to temozolomide, such as those with
a methylated-MGMT DNA repair enzyme, or the preselection of dosing
schedules expected to prevent chemoresistance via MGMT-dependent mecha-
nisms. Current strategies also include the concurrent administration of temo-
zolomide and radiation expected to selectively circumvent DNA repair in
metastatic cells. Despite the relatively disappointing results of early studies,
clinical trials with temozolomide are still warranted in melanoma brain
metastases, especially given that the alternative of radiation must be avoided
in some patients and given that numerous temozolomide-based regimens have
not yet been evaluated (102).

As with other histologies, attempts to improve the response rate led to the
evaluation of temozolomide administered concurrently with WBRT. This is
illustrated by one phase II trial of 35 unresectable melanoma brain metastases

patients who had received 0 to 1 prior chemotherapies. 200 mg/m? of temo-
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zolomide was administered on days 1 to 5 every 28 days in all patients and was
concurrently administered with some form of radiation (WBRT or SRS) in 22
of 35. In 34 evaluable responses, 1 was complete, 2 were partial, and 9 were
stable disease. The median time to progression was 5§ months, the median sur-
vival 8 months, and toxicities were similar to those seen when either was used
alone (103). Other agents, selected for their excellent BBB penetration, such as
nitrosureas (carmustine (BCNU), lomustine (CCNU), and fotemustine), have
failed to provide response rates greater than ~15 better (104-106). This is illus-
trated by a phase III trial of patients with melanoma brain metastases, where
fotemustine was administered concurrently with WBRT. This combination
failed to improve the response rate or overall survival over WBRT alone, how-
ever, it did increase the median time to progression of subsequent brain metas-
tases significantly (107). The alternative strategy of combining SRS (= WBRT)
with chemotherapy, such as temozolomide, for melanoma brain metastasis
patients is being evaluated (108). In summary, the almost-epidemic increase in
melanoma incidence worldwide, combined with its relative radioresistance and
chemoresistance, underscore the pressing need for both innovative clinical trial
design and participation. It is likely that chemotherapy will play an increasing

role in the future multimodality treatments in melanoma brain metastases.

Other Histologies

A few concepts regarding other histologies in brain metastases are worth men-
tioning. The consistent improvements in both local and systemic treatments in
other systemic malignancies have directly resulted in an increased incidence of
brain metastases in patients, as well. A few notable examples include colorec-
tal, ovarian, prostate, and liquid malignancies (109-111). For the brain metas-
tases occurring in these other histologies, there is less evidence regarding effi-
cacious therapies, often only small case series or anecdotal experience. As with
brain metastases in lung, breast and melanoma, the brain metastases in these
other histologies typically have the best responses to chemotherapy early in the
disease course, in the treatment naive, and in the use of chemotherapies known
to be chemosensitive in the systemic disease. The emergence of clinical trials
dedicated to evaluating the efficacy of chemotherapy both in brain metastases
and in specific histologies will hopefully yield effective evidence-based treat-

ments in the near future.
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Future Directions

Brain metastases represent a tremendous burden on human society, whether
measured by the devastation to an individual patient’s quality of life or by the
costs associated with a worldwide healthcare crisis. The past few decades been
marked by the development of some of the tools necessary to relieve this bur-
den with numerous new classes of systemic agents to test in brain metastases,
as well as with the evolution of better preclinical models of representative chal-
lenges in brain metastases treatment in which to test them. Historically, the role
of chemotherapy has been largely limited to use after local therapies have failed
and has been limited to palliation instead of disease control. However, more
recently, the role of chemotherapy is increasing in parallel with the advance-
ments achieved with multimodality approaches.

The results of numerous multiinstitutional randomized trials will become
available soon and will further define the role of various systemic chemother-
apies used concurrently or sequentially with SRS, WBRT, and radiosensitizing
agents. However, this chapter’s review of chemotherapy in the care of brain
metastases has highlighted areas where research achievements must occur if
brain metastases are ever to become less burdensome in the future. A few

examples of suggested research agendas follow:

e Research is needed for the prevention of cancer and the prevention of recur-
rence, including strategies with functional imaging (FDG-PET, MR-spect,
tractography, etc.), biomarkers, PCI, systemic treatment for high-risk patients
in the adjuvant setting, and defining optimal screening for occult disease.

e  Research is needed for the improvement of delivery into the CNS of sys-
temic agents, including strategies with anti-angiogenic agents, nanotech-
nology, BBB disruption via radiation, ultrasound, antibodies, or other sys-
temic agents, or local delivery of agents via polymers, catheters or gels.

®  Research is needed for the development of new systemic agents, including
strategies with newer ways to circumvent the BBB via nanoparticles or
osmotic agents, with agents designed to target chemotherapy-resistance
pathways via gene mutations, efflux pumps or other mechanisms, and
with novel discoveries via industry or translational researchers.

e  Research is needed for the improvement of multimodality therapy, includ-
ing strategies with chemotherapy combinations with other systemic
agents and forms of radiation.



Chemotherapy for Brain Metastasis: What We Know and What We Don’t | 171

Research is needed for the improvement of supportive care, including
strategies with technologies to limit the area or severity of toxicity, with
medicines to improve tolerance, and with rehabilitation approaches to
maintain function.

Research is needed for the improvement both of preclinical (translational)
and clinical trial design, with strategies to separate new versus recurrent
brain metastases, with mechanism-based and histology-specific analyses,
and with the dedication to collect and analyze serial tissue specimens.
Finally, research is needed for the improvement clinical trial endpoints
that are meaningful both to patient and researcher, including strategies to
better understand the true impact of brain met recurrence versus toxici-
ties of therapies, with incorporation and validation of the following end-
points: neurocognitive function, neurologic function, quality of life, brain
control, neurologic causes of death, and disability. When these areas of
future research are reviewed collectively, it is quite apparent that the role
of chemotherapy in the care of brain metastases will continue to strength-
en and expand.
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Supportive Care

Controlling Symptoms of Brain Metastasis and

Diminishing the Toxicities of Treatment

Stephanie E. Weiss

The clinical management of patients who
have metastatic brain disease is currently undergoing a major reevaluation.
Previously thought of as an imminently terminal event, metastatic brain dis-
ease, due to major improvements in therapy in recent years, can now often be
viewed as a chronic condition. This change of view and the resulting change in
approach has been driven not only by the improved therapies for brain metas-
tasis described elsewhere in this book, but also by better therapies for systemic
metastasis that are resulting in improved survival in general.

Increasing survival among patients with metastatic brain disease has, in
turn, altered how we interact with patients and prescribe therapy because
greater consideration needs to be given to quality of life issues. As a result, the
treatment of patients with metastatic disease, including those who have brain
metastases, has become increasing complex. While we may hope to cure in a
small percentage of patients, our hope for many is simply to prolong life.
However, we should try to ensure that all patients remain symptom free and in
good health. We have many treatment modalities to help us in this task, but,
as is so often the case in medicine, beneficial effects are often achieved at the
risk of inducing unwanted side effects.

This chapter will review important aspects of supportive care for patients
with brain metastasis. The use of steroid therapy for cerebral edema and symp-
toms of mass effect is necessary for many patients, although careful manage-
ment is required as these steroids themselves have toxicities that may have dev-
astating effects on quality of life and health. Other topics include acute side
effects and long-term risks of radiotherapy, fatigue, seizure prophylaxis,
radionecrosis, thrombotic events, and cognitive effects of therapy.
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Dexamethasone for Mass Effect and Neurologic Symptoms

If there are no symptoms to indicate the presence of cerebral edema, dexam-
ethasone therapy is not routinely indicated. This often applies to patients who
are incidentally diagnosed with brain metastases during a screening magnetic
resonance imaging (MRI).

Neither is treatment inevitably indicated in asymptomatic patients who
are about to undergo a course of radiation therapy to the brain. This situation
requires careful clinical assessment, given the range of possible complications
that are associated with steroid therapy. The radiation oncologist has a signif-
icant role in deciding whether steroids should be given to asymptomatic

patients in advance of treatment.

Complications of Steroid Therapy

Gastrointestinal upset We routinely place all patients taking steroids on gas-
trointestinal (GI) prophylaxis with an H2 blocker or proton-pump inhibitor.
Though there is a paucity of data supporting their routine use in the preven-
tion of GI bleeds in outpatients, the risk of the medication is generally suffi-
ciently low. Thus, unless expressly contraindicated, we feel their use is worth-
while, given the devastating effects of a bleed. They also minimize gastrointesti-

nal upset and symptoms of heartburn associated with steroids.

Sleep disturbance This is one of the most common, immediate, and trouble-
some side effects of steroid therapy. Typically, patients complain that they are
unable to sleep through the night or that they awaken several times during the
night. The consequence of such disturbance in sleep pattern, daytime fatigue,
can be difficult to distinguish from cancer or treatment related fatigue.
Daytime naps are frequently resorted to but rarely compensate for lost night-
time sleep.

In the short term, a drug in the sedative-hypnotic class (such as zolpidem)
may help such patients considerably. Although anxiolytics such as lorazapam
can have sedating effects, they less frequently provide restorative sleep. The
choice of drug is determined by patient response. If a patient is already on one
or more sedating drugs, it is often effective and safer to merely adjust dosage
of one of these drugs to achieve the desired result.
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In the intermediate term, a potentially effective strategy is to favor reduc-
tion of the evening doses of steroid during the “taper.” Steroid need may be
lowest during periods of rest, and a somewhat asymmetric tapering favoring
the evening doses may help restore a normal sleep cycle. As always, tapering
should be undertaken in such a way as to keep the patient symptom free. If
symptoms reappear, they will typically do so within 48-72 hours. Patients
should be alerted that symptoms occurring days after a reduction in steroid
dose may, in fact, be a result of the taper.

Fortunately dexamethasone is somewhat flexible with respect to dosage
scheduling. Doses can be scheduled to avoid having to awaken the patient from
sleep. Thus the patient may receive medication early morning, midday, evening,
and finally, prior to sleep even though this regime is not strictly evenly divided
over the 24-hour period. Indeed, if the patient requirements can accommodate
it, consider scheduling the last dose of the day a few hours earlier than bedtime
as this may contribute to better rest at night. As usual, steroids should be taken
with food to prevent gastrointestinal upset. The patient should also receive an
H2-blocker, proton pump inhibitor, or other prophylaxis against possible GI

inflammation.

Increased appetite Steroid-induced overeating is a normal feature of treatment
that will disappear when the drug is tapered off. This is one side effect that can
even be considered to be beneficial in this group of patients who are often
anorexic or cachectic secondary to the disease or to therapy. Despite the appar-
ent benefit, steroids should not be used as an appetite stimulant and should
only be prescribed if there is an indicated need, i.e., to control side effects of
edema. The other effects of long-term dexamethasone therapy, including
immunosuppression and significant proximal myopathy, can reduce quality of
life and can be life threatening. Cancer-related anorexia and fatigue should be
treated by agents other than dexamethasone (this issue will be addressed later).
Patients should also be reassured that the dexamethasone-induced increased
appetite will return to normal when therapy is ended.

Personality changes One of the more disturbing effects of steroid both for
patients and their families is the possibility that steroids might result in person-
ality changes. Such a change may manifest itself as an increase in energy or even
euphoria. Some patients may even resist discontinuation of medication because

of the loss of their new-found well being. More usually however, the sorts of
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symptoms that are associated with steroid treatment are not desired either by
patient or family and include agitation and anxiety. Fortunately, these symp-
toms are typically mild to moderate and are easily managed conservatively, sim-
ple patient education often being sufficient to enable a patient to understand
what is happening and to cope with it. Where necessary a low dose of an anxi-
olytic such as Lorazapam may help and can be tapered in parallel with the
steroid taper. Caution is always necessary when prescribing this drug with other
similarly acting drugs or with drugs that can cause respiratory depression.

In rare cases, personality changes can be severe. Patients may develop
manic behavior, psychosis, and even suicidal or homicidal tendencies. These
problems can occur even in patients who have no previous history of psychi-
atric disorder. While infrequently seen, when such symptoms develop in
patients receiving dexamethasone, they should be treated as emergencies
requiring urgent psychiatric consultation, possible antipsychotic medication,
and taper of dexamethasone as tolerated.

On the other hand, despite their ability to cause such psychiatric symp-
toms, steroids are not necessarily contraindicated in patients who have a prior
history of psychiatric disorders. The treating clinician should exercise increased
vigilance in such patients, closely monitoring behavior; even invoking the assis-
tance of a psychiatrist to ensure that onset of such symptoms is detected early.

What alternative treatment can be given to such patients if they have to
stop dexamethasone therapy? We have found that if for any reason patients
cannot tolerate dexamethasone, a COX-2 inhibitor may be substituted with
some chance of success (1,2). COX-2 inhibitors block prostaglandin synthesis
and control the side effects associated with edema, often with surprising effec-
tiveness. However the efficacy of these agents has not been rigorously studied
and documented. Moreover, these agents have been associated with cardiovas-
cular complications in recent studies, something that needs to be factored into

any decision to use them.

Steroid induced diabetes mellitus Steroids are diabetogenic. Blood glucose levels
should be monitored once treatment is commenced. Patients should be educat-
ed about the symptoms associated with hyperglycemia, frequent urination,
polydipsea, polyphagia and, in the longer term, visual changes. If it is expect-
ed that steroids will be administered over a long period of time, antiglycemic
agents may be indicated. In the short term, such agents are usually not neces-
sary unless the blood sugar level exceeds 250 mg/dl.
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Steroids and infection: increased steroid demand The immunosuppressive and
anti-inflammatory effects of steroids increase susceptibility to infection, which
in turn increases a patient’s steroid demand. The clinician should have a high
index of suspicion of infection should a patient complain of symptoms refer-
able particularly to the urinary or respiratory tract.

Infection may lead indirectly to worsening of the neurological symp-
toms that prompted the initial diagnosis of brain metastasis. Alternatively
symptoms of elevated intracranial pressure may develop and progress. Under
either of these circumstances, the possible role of intercurrent infection
should be considered in the differential and should be included in the work-
up along with other suspicious causes. In addition to appropriate antibiotic
therapy for the infection, the patient will also require a temporary increase
in steroid dose to compensate for increased demand associated with the
stress of the infection.

Steroids and infection: polymorphonuclear cell (PMN) demargination
Dexamethasone treatment is commonly associated with an elevation in the
peripheral white blood cell count due to the fact that it down-regulates cell
membrane-associated adhesion molecules and prevents polymorphonuclear
cells from leaving the circulation. This phenomenon may be confused with
infection induced neutrophilia. On the other hand, it is possible that a patient
who has increased PMN count due to steroid intake may also have an infec-
tion. In short, the PMN count is not as reliable an indicator of infection in
patients who are receiving steroids and should not be relied on excessively. The
presence of a PMN increase in the CBC with a shift to the left (i.e. bandemia)
however, should alert the physician to the likelihood of infection. In general,
low threshold of suspicion for infection needs to be maintained in the setting
of patients on steroids and physicians should routinely question patients to
elicit early warning signs. If infection is suspected it should be aggressively
investigated. Chest X-ray, urinalysis with culture and sensitivity, and blood cul-
tures are all indicated.

If a craniotomy has been performed, possible operative site infection
should be excluded. The risk of wound infection or even meningitis persists for
weeks postoperatively. A computed tomography (CT) or MRI may be helpful
in making the diagnosis. If infectious (or carcinomatosis) meningitis is suspect-
ed, this will require, in addition to scans, a lumber puncture, which should be
performed with extreme caution to avoid the possibility of herniation.
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Steroids and infection: Fever Fever in a patient who is receiving dexamethasone
should always raise a red flag. Ordinarily steroids antagonize the development of
fever as part of their anti-inflammatory effect so the absence of a fever does not
rule out the possibility of serious infection in a patient. Therefore the presence of
even a minor elevation of a patient’s baseline temperature should prompt imme-
diate aggressive workup to determine the cause. Especially important are urinary
tract infections, respiratory tract infection, pneumonia (including pneumocystis
carinii pneumonia or PCP), extensive or systemic candidiasis or, in the postcran-
iotomy setting, brain abscess, meningitis, or wound infection at the operative
site, which as noted earlier, may occur even many weeks after surgery.

One other thing to be aware of is that the interpretation of a chest X-ray
may be compromised in patients receiving steroids because their anti-inflam-
matory actions may reduce the expected fluid exudation into the alveolar
spaces. Repeat imaging might be necessary to monitor such patients.

Pneumocystis carinii pneumonia Pneumocystis carinii pneumonia (PCP) is rela-
tively common in immunosuppressed individuals and can be difficult to recog-
nize. Patients on dexamethasone for a few weeks may develop PCP, especially
(though not exclusively) if they are also elderly. As well as facilitating infection,
steroids also impair the body’s defenses against the causative agent. The anti-
inflammatory effect of steroids is used therapeutically to offset symptoms asso-
ciated with alveolar edema and improve respiration in patients with PCP.

Thus, dexamethasone use over the intermediate term both renders the
patient susceptible to, and masks the symptoms of, life-threatening PCP. Chest-
X-ray may be deceptively benign in appearance and should be repeated in the
setting of any unexplained fever in a patient on dexamethasone.

The suspicion for PCP should be heightened in the classic scenario of
worsening fever or the development of respiratory symptoms in a patient
whose dexamethasone dosage is being actively tapered, typically after a period
of use of more than 3 weeks. Fever may be an early warning sign in this set-
ting as respiratory symptoms may not appear until later because the anti-
inflammatory action of the steroids may still be intact. Possible respiratory
tract infection in this setting should be treated as an emergency, and a negative
chest X-ray should be always be viewed with some skepticism. Empiric treat-
ment may be warranted.

It is generally a good idea to consider PCP prophylaxis in all patients who
are on steroids for more than a month, especially for those over the age of 60.
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Alternately, patients on steroids for over 1 month may be routinely screened
for their CD4+ count and prophylaxis started if the number falls below 200
cells/uL. Trimethoprim-sulfamethoxazole (TMP-SMX) double strength, three
times per weeks is a very good standard regimen. If a patient does not tolerate
sulfa drugs or has any contraindication to bactrim, then Dapsone, Atovaquone

or monthly Pentamadine treatments can be considered.

Steroids and thrush Patients receiving whole-brain radiation and patients on
steroids are both at risk for oral candidiasis (thrush). Such patients typically
complain of taste changes and/or a sore throat. Thrush can typically be man-
aged with fluconazole tablets, or an oral nystatin rinse. Clotrimazole troches are
also useful. If left untreated, a patient’s well-being may be compromised. Oral
intake of nutrition and fluids is typically decreased, which can lead to profound
decompensation. In severe cases, the infection can become extensive or systemic.
Its typically a manageable complication and patients on steroids and receiving

whole-brain radiation should be routinely screened for candidiasis.

Drug allergies: Mask and flare One should always consider the possibility that
the development of pyrexia in a patient who is receiving Dexamethasone may
be caused by a drug allergy. This is especially important in patients who have
newly established metastatic disease to the brain as these are frequently placed
on several new agents that may induce such a reaction.

In the early stages of treatment, an allergic response to one or other of
these new medications may be masked if there is concomitant treatment with
steroids. It is during the steroid taper phase that such an allergic response may
become evident for the first time as the body regains its ability to mount an
inflammatory response. Initial symptoms usually include a uticaria or macu-
lopapullar rash on the extremities, chest, and trunk. The lesions may become
confluent. Swelling, dyspnea, or fever may also occur. It is important to recog-
nize these symptoms for what they are as they may worsen and even become
life threatening if administration of the offending agent is not stopped.

While many drugs can induce an allergic response, two in particular are
prone to do so in patients who are being treated for metastatic brain disease.
These are trimethoprim-sulfamethoxazole (TMP-SMX) and phenytoin
(Dilantin.) It is estimated that up to 25 percent of patients with brain tumors
develop an immunologic reaction to Dilantin. Despite this, it is still the favored
drug when there has been a seizure, and it is also favored by neurosurgeons as
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prophylaxis in the postoperative setting due to the ease with which blood lev-
els can be measured to ensure maintenance of therapeutic levels during the
acute period.

Failure to recognize and treat drug allergies may lead to serious morbidi-
ty and mortality, including Stevens-Johnson syndrome. If allergy is suspected,
the likely offending agents should be removed immediately and substituted
with alternative drugs (such as Keppra for treatment of seizures and Dapsone
instead of Bactrim). Antihistamines may be administered or steroid dosage may
be temporarily increased if indicated for moderately severe symptomatic reac-
tions. Emergency care and hospital admission may be necessary for those who

develop severe reactions.

Steroid related swelling and deep venous thrombosis (DVT) Retention of water
and swelling of the extremities is not an uncommon side effect of longer-term
steroid treatment. It is obviously important to differentiate between such
swelling and that which may be associated with deep venous thrombosis.
Classically DVT causes unilateral lower extremity swelling while steroid edema
is typically bilateral. Despite this rule of thumb, we know that cancer patients
in general and patients with brain tumor or those who are postoperative in par-
ticular have a very high risk for DVT. The clinician should therefore have a
very high index of suspicion when dealing with any lower limb swelling, and
lower extremity Doppler ultrasound should be performed to exclude DVT.
Bilateral DVT is certainly not uncommon and can even occur in a patient who
already has steroid-related lower extremity edema.

Treatment will involve anticoagulation, if not contraindicated by any
other feature of the patient’s condition—including the brain metastases them-
selves. Input by oncologists is valuable in the evaluation of the role of antico-
agulants in this setting. If anticoagulant therapy is contraindicated, then a
Greenfield filter may be an alternative. In our experience, inferior vena cava fil-
ters in this clinical circumstances are associated with a significant incidence of
thrombosis (due to the malignancy related hypercoaguable state) and conse-
quent need for anticoagulation anyway. For this reason, we favor anticoagula-
tion in the absence of any special contraindications.

A diagnosis of DVT should always be followed by assessment of the
patient to exclude pulmonary embolism. Any new or unexplained respiratory
symptoms should certainly include pulmonary embolism in the differential
diagnosis. A dry cough is often a subtle sign. Shortness of breath at rest or on



Supportive Care: Controlling Symptoms of Metastasis and Diminishing the Toxicities | 185

moderate activity, pleuritic chest pain, or low oxygen saturation are all signs
that should raise suspicion.

If DVT is ruled out as a cause, steroid-related lower extremity edema can
typically be managed conservatively with TEDs stockings and elevation of the

legs. If such conservative measures are not successful diuretics may be considered.

Common Long-Term Effects of Dexamethasone

Despite their effectiveness in treating edema-related symptoms, steroid treat-
ments should be tapered as soon possible. There are many long-term compli-
cations of dexamethasone treatment. Below we will consider some of the more

serious.

Proximal myopathy Patients who receive steroid therapy over a period of sever-
al weeks to several months are at high risk for debilitating proximal myopathy.
They may initially note onset of fatigue while climbing stairs or find that it is
difficult to rise from the sitting position and that they must leverage themselves
up by the armrests. These symptoms will get progressively worse with time if
a steroid taper is not started, and they are not alleviated by the usual exercises
designed to arrest muscular atrophy. Not only do these symptoms cause men-
tal distress associated with recognition of deteriorating physical capacity, they
also may lead to other serious side effects. A patient may eventually become
wheelchair bound, and this increasing immobility increases risk of infection
and DVT.

Steroid dosage should be tapered as aggressively as possible in these
patients consistent with their clinical status. Supportive education should also
be provided to patients. They should be encouraged to take regular exercise, a
regime that also has the advantage of empowering patients with a sense of con-
trol over their own well-being. Patients who are in good physical condition

often find that a stationary bicycle is a beneficial and safe means of exercise.

Cushing’s syndrome With prolonged steroid use, patients will develop
Cushing’s syndrome with the classic “moon facies” and “buffalo hump.” The
severity and rate of development of this syndrome is dose dependent and varies
from patient to patient.

Cancer patients often have to deal with issues regarding body image
caused either by the disease itself or by treatment. Surgery, radiation, and
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chemotherapy can all affect physical appearance. Alopecia, a consequence of
whole-brain radiation, is a very striking reminder to patients of their new
dependent status, one that is immediately obvious to all. The cushingoid
appearance that results from prolonged steroid therapy is similarly obvious but
is a side effect that cannot be masked by a remedy as simple as a hair prosthe-
sis. It is also a visual reminder that the other effects of steroid therapy already
alluded to above (immunosuppression, anti-inflammatory effect, diabetogenic
effect etc) are progressing unseen beneath the surface.

Adrenal insufficiency As steroid dosages are reduced to relatively low levels
during taper, patients may complain of onset of severe fatigue and general
malaise. These may be a consequence of steroid-induced adrenal insufficiency
caused by feedback inhibition of adrenocorticotropic hormone (ACTH) pro-
duction by the pituitary gland. The resulting atrophy of the adrenal cortex
requires time to recover. The answer to this problem is to slow down the rate
of taper as the daily dosage level approaches “replacement” level (approxi-
mately 1 mg po Dexamethasone bid). If problems persist, endocrinology con-
sultation may be helpful.

Other side effects

Rarely, a fine tremor may develop in patients who receive dexamethasone. This
fortunately reverses when the drug is discontinued. All that is required in this sit-
uation is to rule out more serious neurologic problems as a cause of the tremor.

Skin complications include delayed healing, thinning of skin due to the
catabolic effects of steroids, and easy bruising. Patients may note an increase
in facial hair and acne. Again, assurance that these conditions are likely to
improve is usually all that is required.

Avascular necrosis of bone is a rare and serious complication. It is often
heralded by the onset of join pain. Osteopenia, another consequence of the
catabolic effects of steroids, is a more insidious bone problem.

In patients who cannot tolerate steroids or who have problems during the
withdrawal phase, Celecoxib, a COX-2 inhibitor that inhibits prostaglandin
synthesis, may be used to control side effects associated with cerebral edema.
However Celecoxib and other cox-2 inhibitors may increase the risk of
myocardial infarction and of cerebrovascular events. These side effects seem to
be dose and duration dependent. The risk-benefit ratio needs to be considered.
Patients with sulfa allergies should not take these agents.
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Short-Term Effects of Radiation Therapy for Brain Metastasis

Fatigue Radiation, and indeed even the presence of brain metastases them-
selves, are both frequently associated with profound chronic fatigue.
Classically, patients will find themselves becoming tired earlier in the day than
usual, reviving well with restorative sleep. This problem generally becomes
more noticeable once radiation therapy has begun, especially if whole-brain
radiation is administered. Symptoms may even get progressively worse for a
week or so after the course of treatment has ended. Symptoms are quite vari-
able in severity, multifactorial in etiology, and unpredictable.

Patients should be warned in advance of treatment that this might occur
and, if it does, the best treatment is symptomatic management, including
scheduled naps and good general sleep hygiene. This, of course, can be con-
founded by another side effect of the steroids noted earlier, their tendency to
induce insomnia. Judicious use of sleep-hypnotic agents such as Zolpidem may
help.

If refractory fatigue lasts for a long period after the course of therapy has
ended, stimulants may be considered. We prefer modafinil (or Armodafinil),
which seem to have minimal effect on the seizure threshold in patients with
brain tumors (3). These drugs are typically well tolerated, agitation and
headache being the main side effects. Other useful agents that can potentially
help combat radiation-induced fatigue include Methylphenidate (Ritalin) (4,5)
and Donepezil (Aricept) (6).

Seizure Patients should only be placed on anti-epileptic medication if they have
had a seizure and prophylactic treatment upon diagnosis has not been proven to
be helpful and exposes patients to risk of toxicity (7). Phenytoin (Dilantin) is the
drug of first choice and has the very important advantage that blood levels can
be monitored accurately. However, it is estimated that up to 25 percent of
patients who have a brain tumor will develop a sensitivity or allergy to this drug.
This may first become obvious as steroid therapy is being tapered as noted above.
Stevens-Johnson syndrome, a rare but serious reaction, can also occur.

Many patients who are initially treated with these agents will therefore
require an alternative. Levetiracetam (Keppra) is generally well tolerated and
effective in seizure control. Unfortunately it is not possible to monitor blood
levels so doses have to be titrated symptomatically. The most common side
effects are fatigue and depression.
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The input of a neurologist or neurosurgeon is desirable when initiating or
changing anti-epileptic therapy.

If a patient has had a seizure, caused either by a brain lesion or subsequent
to craniotomy, he or she may be especially prone to radiation-related “irrita-
tion” and should stay on prescribed antiseizure medications during and imme-
diately after the course of radiation therapy. In patients who have not had a
history of seizures, whole-brain radiation does not typically increase the risk of

such an occurrence.

Skin irritation Radiation treatment of brain metastases may induce mild to mod-
erate skin erythema typically over the cranium and from the forehead down to
the brow. The effect is especially obvious in very fair skinned persons of north-
ern European extraction. Symptoms may be minimized by the simple expedient
of instructing patients to avoid using harsh lotions or chemicals or alcohol con-
taining products on their skin immediately before and after treatment.

Patients should be clearly instructed to make sure that their skin is clean,
dry, and free from any topical products when they present for radiation thera-
py sessions. Even thin layers of lotions or creams can create a bolus effect
wherein radiation dose is “pulled” toward the skin, exacerbating skin irritation.

In the expectation of skin irritation, and as a precautionary measure, we
favor Biafine topical emulsion and recommend application even before symp-
toms manifest. Eucerin, an over-the-counter preparation, can also be helpful.
The daily application of these products can be deferred until after treatment if
this is scheduled for early in the day. If treatment is scheduled for later in the
day these preparations may be applied early in the morning but should be com-
pletely removed prior to treatment and reapplied afterwards.

As might be expected, skin irritation is less pronounced in darker skinned
persons but may still be quite significant, and pigmentation akin to tanning is
more common. Nevertheless, even if irritation is not particularly prominent,
Biafine can also help soothe dryness and peeling and promote healing of skin.

During the treatment period, other harsh chemicals should be avoided on
the skin of the head. Hair dyes and straightening and other cosmetic hair

agents should be avoided. Baby shampoo is recommended.

Hair loss Alopecia is an integral part of whole-brain treatment. It usually
becomes noticeable in the second week of treatment and onset may be sudden.
Patients should be well prepared for this sometimes devastating side effect,
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which is a visible reminder of their status as cancer patients. Patients often
comment that they are not only shocked at their appearance when they view
themselves in the mirror but that the reaction of others to their plight can be
equally disturbing. Judicious use of scarves, hats, or hair prostheses (which
may be covered by health insurance) may be helpful.

Unfortunately, recovery of hair growth cannot be guaranteed in all
patients; sometimes hair loss is permanent. Hair growth on the vertex is usu-
ally slowest, due to the physics of the beam arrangement. Prior chemotherapy
can also adversely influence regrowth.

Even when everything is favorable, hair recovery after radiation therapy
is a slow process, and it typically takes about 3 months before substantial
regrowth begins. Topical agents such as minoxidil might help although there is
a paucity of data supporting this.

New protocols with intensity modulated radiotherapy (IMRT) and
tomotherapy are being investigated to see if dose to the hair follicles can be
decreased so as to minimize alopecia without adversely effecting treatment of
parenchymal disease. However these techniques are investigational only at
this point. Older techniques such as a “scalp block” have generally been inef-
fective in achieving their objective while putting the patient to a risk of inad-
equate treatment.

Ear symptoms The skin of the ear, like irradiated skin elsewhere, is likely to
become inflamed. Observations made earlier in respect to skin problems also
apply here. Occasionally, patients will complain of ear “stuffiness” during
treatment, a condition believed to be caused by mild radiation-induced inflam-
mation. This will resolve in time, but an infectious etiology should be ruled

out. Otic steroids may be tried, but we feel they are of minimal benefit.

Neurological Symptoms Arising During Treatment

Deterioration of a neurologic deficit in patients undergoing radiation for brain
metastasis is worrying but may be the result of radiation-induced edema rather
than progression. Small exacerbations of presenting symptoms are usually due
to edema associated with the radiation treatment or with tapering of steroid
dosage (or both). Other possibilities should be considered if symptoms do not
respond to an incremental increase in steroid dosage, if new neurological symp-

toms appear, if there are any symptoms that might indicate increased intra-
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cranial pressure, or if there is a sudden or severe decompensation. In all of the
above circumstances, infection (systemic or local, not necessarily neurologic)
should be excluded as already discussed.

Bleeding into an intracranial metastasis may be an emergency situation,
and it can be diagnosed with a noncontrast enhanced CT scan. Melanoma,
renal cell carcinoma, and thyroid cancer metastases are at particularly high risk
of bleeding, however most cases are seen among lung and breast cancer
patients because these are the most common intracranial metastases treated.
Indeed, any metastatic lesion in the brain should be considered a bleeding risk.

Brain tumor patients who are on nonsteroidal anti-inflammatory drugs
(NSAIDs) or anticoagulants are especially at risk. Many patients are on drugs
such as Lovenox or Warfarin due to cancer related co-morbidities such as DVT
or pulmonary embolus. The benefit of these drugs has to be weighed against
the very real risk that they may cause intralesional bleeding in the brain metas-
tases. Neurosurgery consultation can be very helpful in such situations.

New neurological manifestations caused by wound infection at a cran-
iotomy site, intracranial abscess, or infectious meningitis can be excluded by
careful examination of the craniotomy site and a head scan. A lumber punc-
ture may be necessary. Leptomeningial carcinomatosis should also be consid-
ered as a possible cause of unexplained or refractory neurological symptoms.

Concomitant Chemotherapy

The blood brain barrier limits exposure of the brain to chemotherapeutic sub-
stances so that most agents have a negligible therapeutic effect on brain metas-
tases. Nevertheless, these agents should be administered with caution when
radiotherapy is being administered to the brain as blood brain barrier penetra-
tion may be sufficient to cause toxic radiosensitization that can exacerbate
both the acute and the long-term side effects of radiation. Accordingly, the use
of concurrent chemotherapy with radiation should be restricted to protocol or

experienced specialists.

Long-Term Risk of Radiation Treatment of Brain Metastasis

Cognitive effects of whole-brain radiation Some confusion surrounds the subject
of long-term cognitive effects of whole brain radiation therapy (WBRT). It is
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well known that radiation to the brain in children, particularly in those
younger than seven years of age, can result in the emergence of serious and
measurable cognitive defects, an effect that seems to be both dose and volume
dependent (8). The effect of radiation to adult brains on cognition, although
generally agreed to be real and sometimes substantial, is less well documented.
Management strategies have not been well tested (10).

The problem is further confused by an important study published in the
late 1980s in which severe late cognitive deficits were found in patients treat-
ed with whole-brain radiation for metastasis (11). However, these patients
were treated with dose fraction schemes that are now no longer used, and in
fact, these schedules were abandoned in large measure because of this study.
Indeed, the same study demonstrated low risk for severe long-term effects with
the dose fractionation schemes used in the modern era. Subsequent studies
have demonstrated that the risk of significant neurocognitive decline and
dementia is modest but real (8,9).

Nevertheless there are real long-term neuro-cognitive effects to consider for
some patients who receive whole-brain radiation. The incidence and extent of
neurocognitive deficit in adults resulting from whole-brain radiation seems to be
related, at least in part, to the underlying health of the brain microcirculation.

Patients who already suffer from microvascular disease (diabetic patients,
hypertensive subjects, patients who have a history of stroke or cardiovascular
disease, patients who have dyslipidemias, and even those who are merely eld-
erly) appear to be at greater risk of more serious long-term cognitive effect
from WBRT. For this reason, it is somewhat paradoxical that it is often the
younger, healthier patients for whom we express concern over the long-term
effective of whole-brain radiation.

Cognitive deficits may manifest themselves as short-term memory loss
often described by patients as “senior moments,” such as misplacing keys, for-
getting on which level they parked their car at a garage, or a tendency to repeat
a conversation. Such symptoms are readily managed by simple measures such
as keeping “to-do” lists and other simple behavioral modifications. Very rarely
do cognitive changes become significantly debilitating in the absence of pro-
gressive central nervous system (CNS) disease or more global deterioration.

For patients felt to be at risk for significant predisposing cerebral vascular
disease, alternative modalities to WBRT may be considered. Focal radiotherapy
or radiosurgery alone with deferment of whole-brain treatment may be reason-

able. This decision must be made with an experienced radiation oncologist.
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Long-term cognitive changes following WBRT are likely to be irreversible
and, if severe, may not be amenable to the behavioral modification techniques
mentioned above. If cerebrovascular health can be optimized with medical
management in such patients (i.e., statins or blood pressure lowering drugs if

appropriate), it may help mitigate cognitive decline.

Normal pressure hydrocephalus In the absence of any definitive data in the mod-
ern radiation era, we are of the opinion that radiation to the brain may increase
the likelihood of developing normal pressure hydrocephalus (NPH), especially
in patients who have impairment of their cerebral microcirculation. Apart from
its association with radiation therapy, NPH is now recognized to be underdiag-
nosed in the general populace. The cause of isolated NPH is unknown but one
theory suggests that it is related to impaired microvascular health. The classic
triad of presenting symptoms are increasing cognitive impairment, “magnetic”
or shuffling gait, and urinary incontinence. Symptoms such as these are fre-
quently ignored in elderly patients, seen merely as components of the ageing
process, or misdiagnosed as elements of Alzheimer’s disease or simple demen-
tia. Examination of sequential MRIs of the brain will often reveal a subtle
increase in size of the ventricles in these patients.

It is important to diagnose NPH because in a significant percentage of
patients this disorder may be reversible. Diagnosis involves a brief hospital stay
and a therapeutic lumbar drain trial conducted by a physician experienced in
this procedure. If symptoms temporarily improve, a diagnosis of NPH is made,
and the physician may discuss the definitive placement of a therapeutic ventric-
ular-peritoneal or lumbar-peritoneal shunt. The risks and benefits of shunting
should be carefully considered before proceeding.

Stroke Patients who have received WBRT for brain metastases may be at
increased risk for stroke. This is likely to be due to the changes of the microvas-
culature of the brain caused by the radiation. Treatment in these patients may
be complicated by the fact that anticoagulation therapy may be contraindicat-

ed because of the risk of bleeding into residual metastasis.

Imaging changes Radiation induced leucoencephalopathy may be seen in
patients who are monitored with serial MRI after whole brain radiation.
Changes in the white matter of the brain are best appreciated on FLAIR
weighted images and should be differentiated from lesion-related edema.
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Such imaging changes in and of themselves do not require intervention unless
asymptomatic.

Occasionally, following WBRT for metastatic brain disease, lesions may
remain relatively stable in size and patients should be evaluated to determine if
radiosurgery (which affords superior control of local disease) is appropriate. If
lesions increase in size following WBRT (either due to increasing tumor mass
or concomitant edema), the patient should be further investigated by the
appropriate oncologist. Radiosurgery is a standard of care in the subpopula-
tion of patients but also may be used palliatively in others.

Radionecrosis is not typical after WBRT in the absence of radiosurgery,
but it should be considered as a differential diagnosis in patients whose lesions
enlarge after treatment. Investigation may include functional imaging to help
differentiate necrosis from progressive disease, but this is often not definitive.
A low threshold of suspicion for progressive disease should be made in patients
with enlarging lesions in the absence of radiosurgery as this radiation toxicity
is uncommon with fractionated radiation. The development of new lesions
should prompt referral back to the appropriate oncologist (radiation oncolo-

gist, neurosurgeon or medical oncologist).

Rare side effects Treatment side effects due to the effect of WBRT on normal
brain structures can occur but are rare at currently accepted dosing levels. The
dose tolerance of critical structures in the brain is an important consideration.
Current dosing of whole-brain radiation is low enough to make visual prob-
lems, sensory or motor deficit, or brain stem dysfunction all exceedingly rare
in this setting. Unless the patient has received radiosurgery or the dose of radi-
ation that was administered deliberately exceeded the conventional dose, other
causes should be sought for such symptoms if they arise.

Unless there has been a prior positive history, radiation rarely precipitates
seizures. When they do occur they usually result from the treatment-induced
irritation of the underlying lesion and are not usually attributable to the radi-
ation per se.

Radiation-induced tumors are rare in any patient and especially in
patients who receive treatment for brain metastases, given the latency of the
effect. The most common radiation-induced tumor in this setting is a menin-
gioma, typically an indolent tumor that requires treatment only if sympto-
matic. High-grade or malignant meningiomas may also arise as may other
malignant tumors such as gliomas or sarcomas, but the possibility that such
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unfortunate outcomes might arise is greatly outweighed by the certainty of the

outcome should brain metastases be left untreated.

Patients Receiving Radiosurgery

In recent years, stereotactic radiosurgery (SRS) has emerged as a very useful
technique in the treatment of some patients who have brain metastases. This is
a noninvasive technique in which the patient receives a high dose of radiation
targeted tightly to the lesion. The treatment is completed on a single day.
Advantages include enhanced preservation of neurocognitive functions and
prolonged survival in some patient populations.

Radiosurgery can be performed either as a stand-alone treatment or as an
adjunct to WBRT. Many factors are taken into consideration in coming to a
decision as to which modality to use, and these factors include the number of
lesions to be treated, a patient’s performance status, control of extracranial dis-
ease, and a patient’s age. There are several different commercial brands of
equipment and modes of delivery of SRS (gamma knife, CyberKnife, Novalis,
linear-accelerator based). Some involve the temporary placement of a rigid
frame on the patient to aid beam localization, others involve the implantation
of targeting fiducials, or thermoplastic masks. In the vast majority of patients

who have brain metastases, any of these technologies will be effective.

Acute Side Effects of SRS

The incidence of significant side effects in patients who receive SRS is low. In
preparation for the procedure, patients are routinely prescribed
Dexamethasone and, if treatment is above the tentorium, anti-epileptic drugs.
This prophylactic regime is comparable to, and modeled on, that used in
patients who undergo invasive surgery and is practice based. This regime is not
typically used in patients who receive WBRT. Steroids are tapered off as toler-
ated and anti-epileptic agents are typically tapered after two weeks if there is
no history of seizure. Patients may experience the side effects associated with
these drugs as previously discussed.

Transient nausea or headache related to the procedure is uncommon and
minimized with the routine use of anti-emetics the day of treatment. Persistent
or worsening headache, nausea, or vomiting or other symptoms that might

indicate increasing intracranial pressure should receive prompt attention.
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Alopecia and skin irritation are restricted to those areas where the beams con-
verge and are usually minimal.

Treatment induced local edema may cause presenting symptoms to flare
up in the days and weeks after treatment. If symptoms are mild and there is no
indication that there might be infection, patients can be treated with a short
course of dexamethasone therapy, which can usually be tapered over a period
of around two weeks.

Persistent difficulty in withdrawing steroids or if symptoms get worse or
if new symptoms appear, including systemic symptoms, should signal the pos-
sibility that other complications have arisen, such as intracranial bleeding,
infection (local or systemic), severe edema, or even herniation. All of these
should be ruled out. Ideally the treating physician, radiation oncologist, and

neurosurgeon should all contribute to the management of such cases.

Long-Term Effects of Radiosurgery: Radionecrosis

Radionecrosis is the most frequent complication of SRS in the months to years
following treatment. Several factors are believed to contribute to this condition.

Tumor-cell death induces an inflammatory response with cytokine pro-
duction, which may in turn induce an inflammatory response that can affect
surrounding normal brain tissue. Secondly, although targeting of the radiation
dose is highly focused, there is nevertheless some unavoidable exposure of sur-
rounding normal tissue.

The dosimetry of radiosurgery is best understood as analogous to drop-
ping a stone in a pond. The large “splash” at the point of impact of the stone
when it hits the water represents the radiation dosage to the lesion, and the rip-
ples that emanate from the epicenter correspond to radiation dose to normal
tissues around the lesion. Just as the ripples become progressively weaker as
they progress outwards, so also does the dosage of radiation that normal tis-
sues receive in SRS. Even though the dose gradient outside of the lesion is steep
(inversely related to the square of the distance), the dose to normal tissue is
never zero and obviously this can contribute to normal tissue damage.

Radionecrosis is not often symptomatic. The main problem posed by this com-
plication occurs during the posttreatment phase when the clinician seeks to deter-
mine if therapy has been successful on follow-up MRI. It can be difficult to distin-
guish between regions of radionecrosis and regions of tumor recurrence on MRI
scans. Both may present as an increase in the size of the lesion, increased enhance-
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ment when gadolinium is administered, or worsening surrounding edema. A signif-
icant proportion of patients may have treatment related imaging changes. Bland
imaging changes related to treatment may easily be confused with local tumor recur-
rence and therefore should be a realistic consideration for many patients with
changes confined to the treated region and surroundings (12). Repeat MRI imaging
can help, and further evaluation with modalities such as MRI spectroscopy, thalli-
um scan, or a dedicated positron emission tomography (PET) scan of the brain may
be useful. There is no consensus yet as to which of these modalities is superior to the
others. The decision about which to use depends on the experience of the facility
performing the investigation. In any event, a neuroradiologist who has been thor-
oughly briefed on the patient’s clinical history should review the case.

It is critical to differentiate between necrosis and progressive disease. The
latter may require intervention, including possible further radiation treatment,
even if asymptomatic; the former may be monitored conservatively if asymp-
tomatic or medically managed if symptomatic. The importance of arriving at
the correct diagnosis is heightened by the fact that further radiation to a site of
radionecrosis will inevitably aggravate the existing problem. If symptomatic,
necrosis can be managed in the short and intermediate term with steroids
which can treat the associated inflammation, usually the cause of symptoms.
Patients who develop a combination of tumor progression and radionecrosis
provide a difficult challenge in both the interpretation of the MRI imaging and
in designing an appropriate treatment regime.

Other management options for patients who develop radionecrosis
include surgical intervention. The use of hyperbaric oxygen treatments (13,14)
is an unproved treatment that can be attempted in patients with unresectable
tumors or those who are felt to be medically inoperable although there is not
clear evidence of efficacy. Anticoagulant therapy has not been proven to be
effective and may be risky in patients with brain metastasis. More recently,
bevacizumab has been under investigation for this purpose (15).

To complicate matters, the symptoms that are associated with area of
radionecrosis mimic those that are caused by a progressive lesion. The symp-
toms will vary depending on the region of the brain that is involved.
Contralateral weakness may accompany a motor strip lesion, and difficulties
with balance and gait characterize a cerebellar lesion. Seizures may accompany
supratentorial lesions, however treatment with anti-epileptic agents is usually
not required unless there has been a prior history of such attacks. As noted ear-

lier these agents are used as prophylaxis at the time of the SRS procedure itself.



Supportive Care: Controlling Symptoms of Metastasis and Diminishing the Toxicities | 197

Long-Term Risk of Radiosurgery:
Possible Destruction of Vital Structures

High dose radiation therapy can damage the sensitive optic nerves, optic chi-
asm, or the brain stem if these structures are close to the targeted lesion.
Damage by radionecrosis to these structures is best prevented by careful pre-
treatment evaluation of the safety and appropriateness of the radiosurgery by
an experienced team that includes a radiation oncologist and a neurosurgeon
who specialize in radiosurgery.

If there is a concern about dose to these structures, fractionated stereotac-
tic boosts can be delivered to protect normal tissue. Avastin (16,17),
Pentoxiphyline, and vitamin E (17) have all been used to treat radiation-
induced retinopathy and other side effects but their effectiveness is not clear.

After Craniotomy

Surgical resection of a single brain metastasis has been shown to yield superi-
or survival to radiotherapy. Surgery may also be beneficial for patients who
have received radiation therapy if they have a large or symptomatic lesion and
if symptoms do not respond to steroid therapy.

Postcraniotomy patients should be monitored carefully to detect side
effects of common medications including anti-epileptics and steroids. They
should also be monitored to detect early DVT or pulmonary embolism. Local
or systemic infections can also be problematic in this group of patients, par-
ticularly if they are on steroids. Infection at the operation site or meningitis
can manifest themselves deceptively late in the postoperative course and
should be considered even after several weeks if suggestive signs or symp-
toms appear.

Carcinomatosis

A word about leptomeningeal carcinomatosis merits inclusion in this discus-
sion. Seeding of the leptomeninges is not uncommon and usually has a poor
prognosis. However, several factors play into prognostication, including the
histology of the primary tumor. Patients who have breast cancer metastases, for
example, can have a relatively long survival with a good quality of life even
within the setting of leptomeningeal disease.



198 | Brain Metastasis: A Multidisciplinary Approach

The diagnosis of leptomeningeal carcinomatosis is often made when new
neurologic symptoms arise or when discovered by imaging or by analysis of the
cerebrospinal fluid. Cranial nerve deficits are particularly suggestive of carci-
nomatosis but are not pathognomonic for cerebrospinal fluid (CSF) spread.
The patient may present with classical meningitis symptoms, nuchal rigidity,
photophobia, headache, and nausea.

Where leptomeningeal carcinomatosis is suspected, an MRI evaluation is
of value in making the diagnosis in about 50 percent of cases in the hands of a
skilled neuroradiologist. Enhancement along the cranial nerves, a parenchymal
pattern of disease around the sulci, or the presence of dural lesions are all sus-
picious features. Increased vascularity and “sugar coating” of the folia of the
cerebellum are more definitive findings. CSF examination also is diagnostic in
only about 50 percent of cases.

Radiation treatment for leptomeningeal disease is less successful than that
used for discrete parenchymal mets. Whole-brain radiation can help symptomati-
cally in about 50 percent of cases and may even retard progression. Chemotherapy
either orally, IV or intrathecally (IT) is also disappointing in the treatment of the
leptomeningeal spread of solid tumors. Caution should be taken if intrathecal ther-
apy is considered as a high level of toxicity may occur if this is done in conjunction
with brain radiation. This is particularly true with the use of [T-methotrexate.

Although leptomeningeal disease puts the whole cranial spinal axis at risk,
craniospinal irradiation is rarely recommended. This treatment has a high mor-
bidity and does not usually offer either durable control or palliation. Focal treat-
ment to individual symptomatic or bulky lesions in the spine is reasonable and
can be effective. Side effects of such treatments reflect the region treated (e.g.,

there may be GI upset if the lesion treated is at that level of the spinal cord).

Summary

As with so many other cancer patient populations, the prognosis for patients
who develop metastatic lesions in the brain can range from excellent to very
poor. There are many treatment options, some more appropriate to certain sit-
uations than to others. The disease process and the treatments on offer are
associated with symptoms and side effect that can almost always be managed
to prolong life and well being. Physicians who deal with these patients should
be aware of the common issues that face patients with metastatic brain disease
and of the many therapeutic options that are available to help them.
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Radiosurgery for Spinal Tumors

Ori Shokek

Lawrence R. Kleinberg

The principals of radiosurgery are now
being applied to spinal metastasis with the goal of further improving quality of
life, protecting central nervous system function, and potentially increasing sur-
vival. Improving technology and increased understanding of the natural history
of spinal metastasis are driving this line of investigation and may change disease
management, just as occurred with brain metastasis management. A landmark
trial, described below, has definitively demonstrated that aggressive local man-
agement substantially improves outcome. Compared with intracranial disease,
where the skull may be simply immobilized and the brain tumor is fixed in rela-
tion to the skull, there were substantial challenges related to reproducibly posi-
tioning the patient, maintaining immobility, and aligning the treatment with
respect to tumor, which may be abutting the spinal cord itself. Today, improved
imaging, including improved magnetic resonance imaging (MRI) scanners and
process MRI to computed tomography (CT) scan fusion (overlay), have allowed
more accurate delineation of tumor, and more recently, technology has become

available to precisely target spinal lesions with radiation.

Historical Aspects of Radiotherapy for Spine Metastases

In operable patients with spinal metastases with spinal cord compression,
decompressive surgery followed by external beam radiotherapy (EBRT) consti-
tute optimal treatment for neurologic function. The well-publicized randomized
trial reported in 2005 by Patchell et al. (1) assigned patients with spinal metas-

tases causing spinal cord compression at a single area of the spinal cord to sur-
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gery followed by radiotherapy (at a dose schedule of 30 Gy in 10 fractions) ver-
sus radiotherapy alone (same dose schedule). An early stopping rule was met at
an interim analysis, when it was observed that surgery plus radiotherapy was
superior in terms of patient ability to walk after treatment (84 percent versus 57
percent) and also superior with respect to the length of time that patients
retained the ability to walk (122 days versus 13 days). Thirty-two patients who
entered the study unable to walk fared significantly better with surgery plus
radiotherapy (RT) in terms of regaining the ability to walk (62 percent versus
19 percent). Other endpoints significantly favoring surgery in conjunction with
RT included the reduced need for corticosteroids and opioid analgesics.

Although this trial demonstrates the utility of surgery in addition to RT
for patients with spine metastases and spinal cord compression, patients with
metastatic cancer who are operable represent a select subgroup. Invasive sur-
gery is not feasible for many patients with a terminal metastatic cancer diag-
nosis; for them, RT alone is used. Furthermore, the benefit of surgery with RT
over RT alone is established in the setting of spine metastases with spinal cord
compression per se, whereas RT alone is standard for patients without spinal
cord compression who require treatment for pain, cauda equina compression,
or radicular symptoms.

A variety of RT dose schedules have been used to treat spinal metastases.
Rades et al. (2) retrospectively reported on 1,304 patients irradiated between
1992 and 2003 with several established schedules: 8 Gy in one fraction, 20 Gy
in five fractions, 30 Gy in ten fractions, 37.5 Gy in 15 fractions, and 40 Gy in
20 fractions. Motor function improved in 26 percent to 31 percent of patients,
and posttreatment ambulatory rates were 63—74 percent in the different dose
schedule groups, without significant differences among them. However, in-field
recurrences were significantly more common after 8 Gy in one fraction and 20
Gy in five fractions than with the other dose schedules (the number of patients
with in-field recurrence in each RT dose schedule group were 34/261, 33/279,
12/274, 10/233, and 12/257, respectively). Randomized trials of different
radiotherapy schedules for painful osseous metastases (not necessarily of the
spine) have similarly observed that 8 Gy in one fraction is initially equally effi-
cacious to more protracted dose schedules whose total dose is higher but that
the latter are more efficacious in terms of long-term control of pain or the need
for re-irradiation (3-7).

The RT dose schedules used in the above retrospective and prospective stud-

ies reflect a conservative approach to the palliative treatment of metastatic cancer
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patients, where the need to avoid RT-associated morbidity is extremely important.
Specifically, avoiding iatrogenic myelopathy is paramount, and indeed it is rarely
or never observed with these established dose schedules (2). The tolerance of the
spinal cord is well studied. The total doses resulting in 0.1 percent, 1 percent, and
50 percent myelopathy rates in primates were observed to be 52 Gy, 59 Gy, and
76 Gy, respectively, when given in daily fractions of 2.2 Gy each (8). A modest vol-
ume effect has been observed, with higher rates seen when longer segments of the
spinal cord are irradiated using a given dose schedule (9).

Those RT dose schedules in which the total dose is given using fractions
ranging between 1.5 and 3 Gy daily reflect “standard fractionation.”
“Alternative fractionation” refers to schedules that employ larger daily frac-
tions (‘hypofractionation’), and there is currently a growing body of literature
regarding single-fraction treatment. Single-fraction animal irradiation data for
spinal cord tolerance have demonstrated a 50 percent paresis dose of 21-22 Gy
in rats, and there appears to be a steep dose-paresis relationship, with a pare-
sis threshold dose of approximately 19.5-20 Gy and a 100 percent paresis dose
of approximately 21.5-23 Gy (10), observed by multiple researchers (11).

Motivation for the Development of Spine Radiosurgery

In conventional radiotherapeutic management of spinal metastases, dose is com-
monly delivered to the spinal target by means of a single custom-shaped beam
directed posteroanteriorly or by a pair of oppositely directed beam (the first pos-
teroanterior, the second anteroposterior), resulting in undesired irradiation of
organs anterior to the spine, such as the heart, liver, esophagus, and bowel.
Cardiac side effects typically take many months to years to manifest and are
therefore uncommonly experienced by metastatic cancer patients whose life
expectancy is limited. Hepatic toxicity is also not usually experienced, as the
typical arrangement of beams spares sufficient hepatic volume. In contrast,
esophageal and bowel mucositis are experienced acutely with RT, but the result-
ant odynophagia, nausea, vomiting, and loose stools are usually mild and tran-
sient in metastatic cancer patients undergoing palliative spinal RT. Motivation
nevertheless remains to limit the side effects of therapy and optimize quality of
life. Minimizing the number of treatment visits is also important in this regard.

These considerations provide the motivation for single-fraction or
hypofractionated spine radiosurgery, in which the total dose of radiation is
delivered in a single or a few daily high-dose fractions. This is achieved using
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multiple beams, directed from multiple angles, which conformally converge
upon the spinal target and limit dose to surrounding organs. Recent advances
in computerized treatment planning and in image-guided delivery has enabled
the development of radiosurgical techniques. As dosimetric accuracy in plan-
ning and delivery has been refined, radiosurgery treatments can now preferen-
tially give dose to the spinal tumor while sparing the spinal cord itself (12).
This treatment modality thus has the potential for dose-escalation, leading to
more effective treatment of spine metastases as well as re-irradiation of spinal
metastases that have failed prior to conventional RT or primary irradiation of
unresectable primary tumors of the bony spine, such as Ewing sarcoma and
osteosarcoma, for which the high total RT doses required for long-term local
control exceed the threshold for myelopathy when delivered with convention-
al RT techniques (13-15). There is also the opportunity for treatment of
epidural or intramedullary spinal cord tumors (16).

Contemporary Results with Radiosurgery

While conventional RT is still viewed as standard therapy and continues to be
commonly administered, several institutions that have adopted radiosurgery
have accumulated large numbers of patients and have reported their outcomes.
Gerszten et al. reported the University of Pittsburgh’s prospective experience
with 500 lesions treated in 393 patients to a mean dose of 20 Gy (range,
12.5-25 Gy). Treatment was delivered using the CyberKnife device, a linear
accelerator mounted on a robotic arm. Among the 500 lesions, 31 percent were
irradiated for the first time, and 69 percent were treated with radiosurgery
after failing prior conventional RT (with dose schedules ranging from 30 Gy in
10 fractions to 35 Gy in 14 fractions). With a median follow-up interval of 21
months, long-term pain improvement was observed in 86 percent of patients,
and long-term tumor control was observed in 90 percent of lesions treated with
radiosurgery as the primary modality and in 88 percent of lesions treated with
radiosurgery following conventional RT failure. Among 32 cases with progres-
sive neurologic deficits prior to treatment, 84 percent experienced clinical
improvement (17). The same group published results in the subset of spinal
metastases, specifically in patients with lung carcinomas, with the majority (80
of 87) treated after failing prior conventional RT (30 Gy in 10 fractions to 35
Gy in 14 fractions). Mean radiosurgery dose was 20 Gy (range, 15-25 Gy).
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Eighty-nine percent showed long-term pain improvement, and long-term radi-
ographic tumor control was observed in all patients. Follow-up was short
(median 12 months, range 6-40 months), reflective of the lifespan of metasta-
tic lung carcinoma patients (18). Jin et al. reported technical aspects of the
Henry Ford Hospital’s radiosurgery experience regarding 270 lesions (none
previously irradiated) treated in 196 patients using a Novalis radiosurgery sys-
tem with a traditional gantry-mounted linear accelerator. Treatment was given
in a single fraction, with a median dose of 14.8 Gy (range, 10-18 Gy). Clinical
follow-up data were available for 49 patients, among whom pain relief was
observed in 85 percent (12).

Reports regarding fractionated dose schedules are less abundant, with
smaller numbers of patients treated. Yamada et al. (19) reported a heterogenous
experience with 35 patients treated at Memorial Sloan-Kettering Cancer Center,
21 for spinal metastases and 14 for primary spinal tumors. For those previous-
ly irradiated, the mean prior conventional RT dose was 30 Gy in 10 fractions,
and the radiosurgery median dose was 20 Gy in § fractions (range 20-30 Gy).
For those not previously irradiated, the median dose was 70 Gy (range 59.4-70
Gy). The authors observed palliation from pain, weakness, or paresthesias in
more than 90 percent of the patients. Local control was 75 percent in previous-
ly irradiated patients and 81 percent in those not previously irradiated.

Spinal Cord Dosimetry and Myelopathy

Myelopathy has been reported uncommonly, both in patients who have
received radiosurgery as the first treatment and in those who received radio-
surgery following failed conventional RT. In Gerszten et al.’s experience with
lung carcinoma patients, none experienced myelopathy. Cervicothoracic
lesions’ mean and median cord doses were both 9 Gy (range 4-12 Gy), and the
mean and median cord volumes exceeding 8 Gy were 0.4 and 0.2 mL (range,
0-2.1 mL); lumbosacral lesions’ mean and median cauda equina doses were
both 10 Gy (range 2-14 Gy), and the mean and median cauda equina volumes
exceeding 8 Gy were 0.64 and 0.5 mL (range, 0-2.9 mL). These were doses to
the spinal cord or cauda equina from the radiosurgical treatment only, not
composite doses that included the contribution from prior conventional RT
(given to the majority of the lesions) (18). Among 86 patients in the Henry
Ford Hospital’s experience who survived longer than one year, only one was
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observed to have myelopathy, which occurred at 13 months following radio-
surgery. The average spinal cord volume defined at the treated spinal segment
was 5.9 * 2.2 mL. The Henry Ford group had escalated the prescribed dose as
their experience evolved; in patients who received 18 Gy as the prescribed
dose, the 10 percent of spinal cord volume receiving the highest dose (i.e., the
hottest 10 percent of spinal cord volume) had received an average of 9.8 = 1.5
Gy. The spinal cord volume receiving greater than 80 percent of the prescribed
dose was 0.07 £ 0.10 mL (1.3 = 1.8 percent of the spinal cord volume defined
at the treated spinal segment). Regarding the single patient with myelopathy,
she had been prescribed 16 Gy, and her spinal cord dosimetry was modest in
comparison to that of other patients (the 10 percent spinal cord volume dose
was 7.6 Gy, and the maximum point dose to the spinal cord was 14.6 Gy) (20).
No patients in the Memorial Sloan-Kettering experience were observed to have
myelopathy (19). Benzil et al. treated 31 patients, with 35 lesions, most with
metastatic lesions, but this group also included nine primary tumors (four
intradural, five extradural), and dose schedules were variable. Two patients
experienced radiculitis, but their symptoms were transient (16). Gibbs et al.
treated 102 lesions in 74 patients, with prior conventional RT in two-thirds.
The radiosurgical dose schedules were variable (16-25 Gy in 1-5 fractions,
with a dose-per-fraction of 7-20 Gy). Neurotoxicity was observed in 3
patients, without significant recovery, and two of them were noted to have had
anti-angiogenic or epidermal growth factor receptor inhibitor therapy within
two months of developing clinical injury (15).

As most patients who undergo spine radiosurgery are patients with
metastatic cancer and short life expectancy, the current state of the art in terms
of treatment-associated myelotoxicity is acceptably low. However, it is possible
that patients with longer survival potential are at higher risk for myelotoxici-
ty; this patient group includes those with treatment-responsive or indolent
metastatic cancers and those with nonmetastatic, primary spinal tumors, which
might not limit life expectancy. In this regard, the Stanford experience with
radiosurgery for spinal cord arteriovenous malformations is instructive, as the
radiosurgical target was the intramedullary spinal cord lesion per se. Fifteen
patients were treated to an average dose of 20.5 Gy, given over 2-5 fractions
(thirteen patients received 20-21 Gy in 3—4 fractions, and two patients received
20 Gy in 2 fractions). No neurologic toxicity was observed, and the mean fol-

low-up interval was 28 months (21).
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Accuracy in Terms of Patient Immobilization
and Treatment Delivery

The target in spine radiosurgery is always in close proximity to the main avoid-
ance structure, the spinal cord. Therefore, radiosurgical treatment plans have
steep dose gradients, such that even small errors in patient positioning can
inadvertently bring the spinal cord into the high dose region. Guckenberger et
al. examined actual spine radiosurgery treatment plans and simulated transla-
tional and rotational positioning errors. Translational errors in the transverse
plane were found to have the greatest effect on spinal cord dosimetry. To keep
the dose to the hottest § percent of the spinal cord volume to within =5 per-
cent or =10 percent of the prescribed dose, errors in the transverse plane
would have to be no greater than 1 mm or 2 mm, respectively (for longitudi-
nal positioning errors resulting in the same spinal cord dosimetry variances,
maximal translation was found to be 4 mm or 7 mm, respectively) (22).

A number of patient immobilization devices have been described for spine
radiosurgery. At Memorial Sloan-Kettering Cancer Center, serial CT scanning
was used to demonstrate that positioning accuracy was generally within 2 mm
with either one of two systems: a stereotactic body frame (which uses pressure
plates applied to the anterior and lateral pelvic bones, lateral ribs under the
arms, and sternum) or a body cradle, which uses a vacuum mold (19,23).
However, a few patients were found to have transverse translational errors as
large as S mm (19). Positioning errors of similar magnitudes have been found
by other investigators (24,25).

Verification imaging modalities used for positioning verification once a
patient has been placed in the immobilization device have commonly included
localization X-ray films and infrared optical tracking (12). Recent advances in
image-guidance have provided the ability to perform CT scans of the patient
once on the treatment machine, either by using the linear accelerator itself to
generate the CT image (26) or by using a conventional X-ray tube mounted
orthogonally to the linear accelerator gantry (27). These image-guidance meth-
ods permit repositioning of the patient on the treatment machine prior to treat-

ment delivery.
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