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Summary
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brain metastases radiosurgery by assisting physicians and clinicians in applying research evidence to clinical decisions while
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The final statement incorporates extensive relevant evidence
obtained by the literature search in conjunction with the final
consensus recommendations supported by all working group
members.

Consensus Statement
Objective
To develop a consensus-based radiosurgery practice
guideline for brain metastases treatment recommendations
to be used by medical and public health professionals who
diagnose and manage patients with brain metastatic disease.

Group Composition
The radiosurgery guidelines group is comprised of
neurosurgeons, neuro-oncologists, radiation and medical
oncologists and physicists. Community representatives did
not participate in the development of this guideline.

Participants
The working group included physicians and physicists from
the staff of major medical centers that provide radiosurgery.

Names of Group Members: Ajay Niranjan, M.B.B.S.,
M.Ch., Neurosurgeon, Chair; L. Dade Lunsford, M.D.,
Neurosurgeon; Richard L. Weiner, M.D., Neurosurgeon; Gail
L. Rosseau, M.D., Neurosurgeon; Gene H. Barnett, M.D.,
F.A.C.S., Neurosurgeon; Massaki Yamamoto, M.D.
Neurosurgeon; Lawrence S. Chin, M.D., F.A.C.S.,
Neurosurgeon; Paul J. Miller, M.D., Radiation Oncologist;
Andrew E. Sloan, M.D., Neurosurgeon; Burton L. Speiser,
M.D., Radiation Oncologist; Sandra S. Vermeulen, M.D.,
Radiation Oncologist; Harish Thakrar, M.D., Radiation
Oncologist; Frank Lieberman, M.D., Neuro-Oncologist;
David Schiff, M.D., Neuro-Oncologist; Sammie R. Coy,
Ph.D., Medical Physicist; Tonya K. Ledbetter, M.S., M.F.S.,
Editor; Rebecca L. Emerick, M.S., M.B.A., C.P.A., ex
officio.

Evidence
The first author (AN) conducted a literature search in
conjunction with the preparation of this document and
development of other clinical guidelines. The literature
identified was reviewed and opinions were sought from
experts in the diagnosis and management of brain metastases
including members of the working group.
Consensus Process
The initial draft of the consensus statement was a synthesis
of research information obtained in the evidence gathering
process. Members of the working group provided formal
written comments that were incorporated into the preliminary
draft of the statement. No significant disagreements existed.
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and colon cancer experience spread of their disease to the
brain at a median latency of approximately two years.106 The
rate of breast cancer metastases to the brain may be higher
among patients treated with trastuzumab (Herceptin®).7 This
may be due to the preference for the brain by HER-2-positive
tumor cells, poor penetration of the CNS by the drug or
improved extracranial control resulting in improved survival
and late tumor spread to the CNS.7

Conclusions
Specific recommendations are made regarding target
population, treatment alternatives, interventions and practices
and additional research needs. Appropriate use of
radiosurgery for patients with brain metastases is
recommended.
This guideline is intended to provide the scientific foundation
and initial framework for patients who have been diagnosed
with brain metastases. The assessment and recommendations
provided herein represent the best professional judgment of
the working group at this time, based on clinical research
data and expertise currently available. The conclusions and
recommendations will be regularly reassessed as new
information becomes available.

The detection rate of brain metastases appears to be
increasing. This increase has been variably attributed to
improvements in systemic therapy leading to longer survival,
an aging patient population, and the ability of magnetic
resonance imaging (MRI) to detect small metastases.130 The
majority of brain metastases are multiple, although the
reported percentage of patients with solitary or multiple
lesions may vary with the imaging modality used to make
the diagnosis. In the CT (computed tomography) era 50%
of lesions were thought to be solitary at the time of neurologic
diagnosis. 88 In an analysis of the Radiation Therapy
Oncology Group (RTOG) database of brain metastases
patients, 19% of patients presented with a single brain
metastasis on MRI, and 50% of patients had 1–3 brain
metastases. Melanoma has the greatest tendency to produce
multiple lesions (75% of patients). Multiple lesions are also
frequent in metastases from colon, breast and lung cancer.
Renal cell metastases are more likely to be single.27

Stereotactic Radiosurgery
Brain stereotactic radiosurgery (SRS) involves the use of
precisely directed, closed skull, single session radiation to
create a desired radiobiologic response within the brain target
with acceptable minimal effects on surrounding structures
or tissues. In the case of brain metastases, highly conformal,
precisely focused radiation is delivered to the metastatic
tumor in a single session under the direct supervision of a
radiosurgery team. At Centers of Excellence, the
radiosurgery team includes a neurosurgeon, a radiation
oncologist, a physicist and a registered nurse.

Sex
Predilection for gender follows that of the primary tumor.
Lung cancer is the most common source of metastases in
male patients, while breast cancer is the most common source
in female patients. As the frequency of lung cancer in women
increases, it may become the most common primary tumor
to metastasize to the brain in women as well.

Overview of Brain Metastases
Epidemiologic Features
Metastatic brain tumors are the most common intracranial
neoplasms in adults and are a significant cause of morbidity
and mortality. They outnumber primary brain tumors by a
ratio of 10:1.107 Approximately 1.37 million individuals were
diagnosed with cancer in 2005–2006. Conservative
estimates suggest that 100,000–170,000 new cases of brain
metastases are diagnosed every year in the United States
(U.S.).59,108 Between 20% and 40% of all patients with
metastatic cancer will have brain metastases at autopsy.106
The estimate of the incidence rate of metastatic brain tumors
varies from 8.3–11 per 100,000.91,127 In two large population
cohorts of patients who were diagnosed with colorectal, lung,
breast or kidney carcinoma or melanoma, brain metastases
were diagnosed in 8.5–9.6% of patients.6,108 The incidence
varied by primary tumor site. The cumulative incidence was
estimated at 16.3–19.9% in patients with lung carcinoma,
6.5–9.8% in patients with renal carcinoma, 6.9–7.4% in
patients with melanoma, 5.0–5.1% in patients with breast
carcinoma, and 1.2–1.8% in patients with colorectal
carcinoma.

Age
Incidence of brain metastases based on age parallels that of
primary systemic tumors. Brain metastases are most common
in the fifth to seventh decades of life. Sarcomas and germ
cell tumors are the most common solid tumors to metastasize
to the brain in children.45
Pathophysiology
Metastatic spread to the brain through blood circulation
occurs primarily via arterial circulation and less often via
the Batson venous plexus (pelvic and GI tumors).129 Arterial
blood must pass through the lungs before entering the brain
and larger clumps of tumor cells are filtered out in lung
capillaries. Many emboli traveling to the brain via the arterial
route originate either from a primary lung tumor or a
metastatic site in the lung; however, single tumor cells may
pass through the capillaries of the lung. The metastatic cells
then get trapped in gray-white junction or watershed areas,
because of the change in the size of the blood vessels in
these areas.28 Less than 0.1% of deposited cells ultimately
form metastatic tumors.14 Once the metastatic tumor embolus
reaches 1 mm in size, tumor-induced angiogenesis increases
vascular permeability and disrupts the blood-brain barrier
(BBB).14 New capillary endothelial cells in metastatic brain

The majority of patients who develop brain metastases have
a known primary cancer (metachronous presentation). No
primary systemic site of cancer is detected in 5–10% of
patients with brain metastases.58,95 Patients with a history of
lung cancer have the shortest latency period between the
time of initial diagnosis and the diagnosis of brain metastases
(median, 6–9 months). For renal cell carcinoma, the interval
is approximately one year. Patients with breast, melanoma
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Clinical Presentation
Approximately two-thirds of brain metastases eventually
become symptomatic. The clinical presentation of brain
metastases is similar to any intracranial mass lesion.
Presenting signs and symptoms of an intracranial mass
include headache (70%), seizures (30–60%), cognitive
impairment (30%), papilledema (8%), miscellaneous focal
neurological deficits and intracranial hemorrhage, among
others.95,106 Patients may develop obstructive hydrocephalus,
particularly those with lesions in proximity to crucial areas
of narrow cerebrospinal fluid (CSF) flow such as the 3rd or
4th ventricle or the foramen of Monro. Symptoms typically
have a gradual onset but 5–10% of patients present with
sudden onset of focal neurological symptoms71,97 associated
with intratumoral hemorrhage, particularly from metastases
originating from melanoma, choriocarcinoma or renal cell
carcinoma.119 Even though a relatively small percentage of
lung metastases manifest with hemorrhage, these lesions
represent the most common source of hemorrhage because
of their much greater overall occurrence. Seizures are
common on initial presentation and are the first sign of a
brain metastasis in approximately 10–20% of patients.61
Tumors that cause seizures are frequently located in the
cerebral hemispheres and often involve the cerebral cortex.
Up to one-third of patients presenting with brain metastases
do not have a prior diagnosis of cancer.77 When a patient
without a history of systemic cancer presents with new
neurological findings and a brain mass is discovered on CT
or MRI, a plain chest radiograph and chest CT are always
recommended because the majority of tumors that
metastasize to the brain are from lung primaries. 106
Computed tomography of the abdomen and pelvis
occasionally reveals an unknown primary cancer but may
also offer evaluation of the systemic disease burden by
imaging the liver, adrenals and lymph nodes. Further search
for a primary cancer is rarely productive without positive
features in the patient’s history or localizing signs on physical
examination that suggest a primary tumor. 123 Despite
extensive evaluations, at least 15% of patients with brain
metastases may remain without a definite primary cancer
site.77 For these patients stereotactic biopsy or excision of
brain neoplasm is recommended to determine the final
treatment strategy.

tumors display morphological and functional characteristics
associated with the blood vessels of the primary cancer.65
Macroscopic Findings
Intracranial metastases can be categorized by location as
skull, dura, leptomeninges and parenchymal brain
metastases. Lesions of the brain and leptomeninges account
for 80% of intracranial metastases. The majority of brain
metastases (approximately 80%) are located in the cerebral
hemispheres. The cerebellum (10–15%) and brainstem (2–
3%) are less frequently involved.87 Most metastases are
round, well-demarcated lesions located at the junction of
gray and white matter. Metastatic lesions in the brain displace
surrounding brain parenchyma as they grow. Some
metastases have a miliary type of distribution throughout
the parenchyma. Leaky tumor vessels result in an extensive
zone of edema surrounding the tumor. Cystic degeneration,
necrosis and areas of hemorrhage are often seen. Specific
tumors may have a more characteristic gross appearance.
The metastatic lesions of melanoma, choriocarcinoma and
renal cell carcinoma often develop intratumoral
hemorrhages.84 Edema of the adjacent brain parenchyma is
often prominent and sometimes disproportionate to the small
size of the lesions.29 Meningeal carcinomatosis may occur
in patients with lung and breast carcinoma, malignant
melanoma, and less commonly, with lymphoma, leukemia
and other tumors.
Histopathologic Features
The histopathologic features of metastatic lesions are usually
similar to those of the primary tumor from which they
originate. Although the majority of metastatic lesions may
appear clearly demarcated from adjacent brain on both gross
and microscopic examination, microinvasion of tumor cells
is invariably present. This aspect is particularly evident in
metastases of small cell lung carcinomas (SCLC) and
melanomas. Brain metastases elicit a number of reactions
from the brain parenchyma. Reactive astrocytosis is often
present surrounding the metastatic nodules. Vascular
proliferation with variable degrees of endothelial
proliferation may be seen within and surrounding the tumor
masses. This rich neovasculature appears to play a significant
role in development and maintenance of the metastatic
lesions, and is a major contributory factor to the vasogenic
edema that accompanies brain metastases.106 Necrosis is
frequent and macrophage infiltration may be prominent
around areas of necrosis.

Imaging
Most patients with a known primary tumor undergo imaging
studies when neurologic signs and symptoms develop.
Contrast-enhanced CT is used widely because of its easy
accessibility and low cost. On noncontrast CT, metastatic
lesions may be of a density less than, equal to, or greater
than adjacent brain parenchyma. Hyperdensity in a
metastasis on noncontrast CT is more likely to be hemorrhage
than calcification. Administration of IV contrast (30–40 g
iodine) increases the diagnostic accuracy of CT. Most
metastases enhance after a standard dose of IV contrast. Use
of a higher dose of contrast (80–85 g iodine) and scanning
delayed 1–3 hours after injection of the contrast agent offers
a further increase in the detection of multiple metastases,
and is appropriate if MRI is not available. Contrast-enhanced
CT can detect major leptomeningeal spread. Studies

For a newly diagnosed brain metastasis of unknown origin,
adjunctive morphological techniques such as
immunohistochemistry are valuable and can guide the search
for a primary site.29 Immunohistochemistry, in conjunction
with the clinical history, can define specific cell lineages in
the great majority of cases. In cases in which light
microscopy and immunohistochemistry are inconclusive,
electron microscopy is a useful adjunctive tool to study
subcellular structures that may be diagnostic of cellular
lineage. Molecular genetic analysis is the latest resource
for the complete evaluation of metastatic tumors of unknown
origin.
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comparing contrast-enhanced CT with contrast-enhanced
MRI indicate that approximately 20% of patients who
demonstrate a single lesion on CT may demonstrate multiple
lesions on MRI.

PET has a sensitivity of 86% and specificity of 80%.19 There
are few preliminary reports on the utilization of MR
spectroscopy to distinguish between radiation necrosis and
recurrent brain metastasis.40,102

MRI with contrast enhancement currently is the procedure
of choice, since MRI is more sensitive and specific than other
imaging techniques in determining the presence, location
and number of metastases.50 On MR multiple lesions with
marked vasogenic edema and mass effect are typically seen
in patients with brain metastases. Lesions are isointense to
mildly hypointense on T1-weighted images and hyperintense
on T2-weighted images or fluid attenuation inversion
recovery images. Surrounding edema is relatively
hyperintense on fluid attenuation inversion recovery T2weighted images and hypointense on T1-weighted images.
A metastasis itself may have various signal intensities
depending on the types of tissue present within the lesion
(e.g., blood products, necrosis and melanin). The appearance
of blood products on T1-weighted images depends on the
“age” of bleeding, and ranges from isointense in the first 24
hours to hyperintense after 24–72 hours. Melanin is
paramagnetic and hyperintense on T1 and hypointense on
T2-weighted images. Metastatic melanomas often have both
components (blood and melanin), which appear bright on
noncontrast T1-weighted scans. T2-weighted images are
used to estimate the extent of peritumoral edema. Following
contrast administration, solid, nodular or irregular ring
patterns of enhancement are seen. Contrast-enhanced MRI
is the best method for detection of meningeal tumor seeding.
Carcinomatous meningitis is usually seen as an irregular
brightly enhancing pial surface on T1-weighted imaging with
contrast. The arachnoidal surfaces, ventricular ependyma
or dura may enhance pathologically as well. The usefulness
of diffusion-weighted and perfusion-weighted imaging and
proton-MR spectroscopy in the initial diagnosis of brain
metastases has not been established. Gadolinium-enhanced
MRI detects smaller lesions, and provides better soft-tissue
contrast, relatively stronger enhancement with paramagnetic
contrast agents, images that lack bone artifacts and direct
multiplanar imaging. High-dose gadoteridol (ProHance®)
detects additional smaller lesions compared with routinedose gadopentetate dimeglumine (Magnevist ® ).
Magnetization transfer used with routine-dose gadolinium
contrast is closely comparable to the high-dose technique.
For patients with multiple brain metastases, gradient recalled
acquisition using double-dose contrast and 2 mm thick slices
is a reliable method to detect brain metastases.32

Management Options
Metastatic brain tumors require multimodal management
including drugs, surgery, radiosurgery, radiation therapy,
chemotherapy, gene therapy and other innovative
approaches.18,78,100,103,114,133
Symptomatic Medical Management
The initial drug of choice for treating cerebral edema
associated with a brain metastasis is a corticosteroid
(dexamethasone or methylprednisolone). The benefit of
corticosteroids is often dramatic and may be evident within
hours, but ultimately they are insufficient unless definitive
tumor management is pursued. Control of vasogenic cerebral
edema and removal of the offending mass can result in
improved control of the seizure disorder. For prophylaxis
and maintenance therapy, phenytoin is the most frequently
prescribed agent. There has been a trend away from
phenytoin toward levetiracetam, because of decreased rash,
no need for lab monitoring and no induction of CYP3A4.
Carbamazepine, phenobarbital, valproic acid and
levetiracetam are often added for breakthrough seizures or
to replace phenytoin if toxicity or allergic reactions occur.
Benzodiazepines are used for patients in status epilepticus
(continuous seizure activity lasting longer than 30 minutes).
Although there is agreement that patients who present with
seizures require antiepileptic drug therapy, the situation is
not as clear for prophylactic anticonvulsants for brain
metastases. In a meta-analysis of 12 studies in patients with
brain tumors of all etiologies (including brain metastases),
prophylactic anticonvulsants did not protect against
subsequent seizures.44 The American Academy of Neurology
has published a position paper against the use of prophylactic
anticonvulsants.44
Tumor Resection
Some prospective studies have demonstrated that, in
appropriately selected cases, surgical treatment can
effectively prolong survival in patients with one or rarely
more than one brain metastasis. Not all patients will benefit
from surgical resection. The location and accessibility of
the tumor is a crucial factor in surgical decision making.
Surgery for Single Brain Metastasis
Patients experiencing significant, medically refractory
symptoms related to volume and mass effect may require
craniotomy for tumor removal, regardless of the status of
their extracranial disease. However, patients with small cell
lung carcinomas, germ cell tumors, and primary or secondary
CNS lymphomas may not need surgical resection despite
being symptomatic because these lesions generally respond
dramatically to radiosurgery, fractionated radiotherapy or
systemic chemotherapy, leading to very rapid resolution of
symptoms. Patients whose symptoms cannot be palliated
successfully with medical management (including high dose
steroids) and whose lesions can be excised without significant

The interpretation of subsequent radiological studies in
patients who have undergone a complete surgical resection
of their tumors is fairly straightforward, as any new
enhancement in the lesion site can be considered local
recurrence. This is not always the case after radiosurgery,
in which recurrent or residual tumor must be differentiated
from radiation necrosis. Radiation necrosis and recurrent
brain tumor can manifest with similar symptoms and may
be indistinguishable on MRI. Fluorodeoxyglucose-positron
emission tomography (FDG-PET) has been proposed as a
diagnostic alternative, particularly when coregistered with
MRI. For brain metastases with MRI coregistration, FDG4

Several retrospective series report benefits of surgery in
selected cases of single brain metastases from lung,67 breast,
colon36,47,131 and renal cell origins.48,116,132 The potential
benefit of resection to long-term survival is significantly
influenced by the presence of extracranial metastases.25,122
Surgery for brain metastases from esophageal, gastric,
pancreatic and hepatocellular primary sites is rarely
recommended due to poor overall survival.135 Craniotomy
may be indicated in patients whose lesions have progressed
after radiosurgery and/or fractionated radiation and proven
unresponsive to systemic chemotherapy.

risk of producing or worsening a neurologic deficit are
potential candidates for craniotomy.
In the case of a single, asymptomatic brain metastasis from
an undiagnosed primary site, the decision for surgery
becomes more complex. For most patients obtaining a tissue
diagnosis is mandatory. If a potential extracranial source is
identified, then biopsy of such a lesion is often performed
before the intracranial disease is addressed. For patients in
whom a “nonsurgical” tumor type such as small cell lung
carcinoma is diagnosed by biopsy, a potentially unnecessary
craniotomy can be avoided. In other cases, knowledge of
the putative histologic features of the single brain metastasis
may lead to a recommendation for whole-brain radiation
therapy (WBRT) and/or SRS rather than craniotomy for
tumor removal.

Single choriocarcinoma metastases to brain are usually
detected after childbirth and are generally very sensitive to
radiation and/or systemic chemotherapy. Occurrence during
pregnancy or lesions unresponsive to systemic therapy or
radiotherapy may mandate resection of a solitary
choriocarcinoma metastasis to the brain.68 Germ cell tumors,
particularly those of testicular primary origin, are often very
sensitive to radiosurgery or WBRT and systemic
chemotherapy. Thus, even relatively large lesions may be
successfully managed without craniotomy. Progressive
symptoms in the face of medical management or presentation
in extremis may, however, demand surgical resection.

Stereotactic biopsy of a solitary metastasis in unresectable
locations is indicated to obtain a tissue diagnosis in patients
when no other source has been identified that can be biopsied
more safely. Biopsy is also indicated when the chance of a
coincidental nonmalignant intracranial lesion is greater than
the probability of a significant biopsy-related complication.
In most series the rate of such complications approximates
1%. Many specialists also strongly consider a stereotactic
biopsy in patients whose primary and systemic malignant
disease has been in remission for a length of time sufficient
to raise the question of a new malignancy rather than a
metastasis. Stereotactic or open biopsy of a single brain
metastasis may also be indicated after treatment to distinguish
between recurrence and treatment effects such as radiation
necrosis.

Three randomized trials of craniotomy followed by WBRT
versus WBRT alone for single brain metastases have been
conducted. Two demonstrate that surgery prolongs highquality survival,90,125 and one does not.79 Resection of single
metastases may be indicated for symptomatic lesions or in
the hope of providing quick relief from pressure effect.

Table 1: Randomized Trials of Resection Followed by WBRT Versus WBRT Alone
Median
Survival
(Months)

Statistical
Significance

WBRT

23

Age > 18
KPSa < 70

3.5

p < 0.01

WBRT + Resection

25

WBRT

31

WBRT + Resection

32

WBRT

43

WBRT + Resection

41

Patchell 199090

Mintz 199679

b

Patient
Eligibility

Management Modalities

Vecht 1993125

a

Patient
Number

First Author

Karnofsky Performance Status
World Health Organization Performance Status

5

9.2
Age > 18
WHO PSb > 2

6

p = 0.04

10
Age > 50
KPS < 80

6.3
5.6

p = 0.24

Several randomized trials have studied the effect of radiation
sensitizers on local tumor control in patients receiving
WBRT. Bromodeoxyuridine (BrdUrd) was evaluated in
RTOG 89-05 in patients with brain metastases.93 Patients
were randomized to 37.5 Gy in 15 fractions WBRT versus
WBRT plus BrdUrd (0.8 g/m2 four days per week during
WBRT). No survival difference was noted. In another study
patients were randomized to WBRT (30 Gy in 10 fractions)
or WBRT plus motexafin gadolinium (MGd).75 Motexafin
gadolinium selectively targets tumor cells where it generates
reactive oxygen species. Motexafin gadolinium improved
the time to neurologic progression and neurocognitive
function in the subset of lung cancer patients, but had no
effect on overall survival. A follow-up trial with this agent
was restricted to non-small cell lung cancer (NSCLC)
patients. This randomized, controlled Phase 3 trial, known
as the SMART (Study of Neurologic Progression with
Motexafin Gadolinium And Radiation Therapy) trial was
designed to compare the safety and efficacy of WBRT alone
to WBRT plus MGd. The primary endpoint of the study
was time to neurologic progression (TNP). The trial enrolled
554 patients from 94 centers in North America, Europe and
Australia. Although patients receiving MGd had a longer
time to neurologic progression, the study’s primary endpoint,
the difference compared with patients in the control arm,
did not reach statistical significance.74 Another phase III
study tested RSR13 (efaproxiral) in combination with
WBRT. RSR13 binds to hemoglobin and reduces its affinity
for oxygen thus increasing tissue pO2. In this study of WBRT
plus supplemental oxygen with or without RSR13, overall
survival increased from 4.6 months to 8.7 months in the
subset of breast cancer patients. The role of RSR13 is
currently being evaluated for patients with brain metastases
from breast cancer.110

Surgery for Multiple Metastases
Traditionally, multiple brain metastases were considered a
contraindication to surgical intervention and were treated
exclusively with WBRT.87,99 Resection of multiple metastases
was undertaken only in the case of life-threatening lesions
or in cases in which the diagnosis was in question.86 There
are few recent reports recommending surgical resection of
multiple brain metastases in properly selected patients.11,52
Whole-Brain Radiation Therapy
Whole-brain radiation therapy has been a widely applied
management for patients with brain metastases. Various dose
and fractionation schedules have been tested in earlier clinical
trials but no single schedule was proven superior in terms of
overall survival. Concern about potential late neurotoxicity
with WBRT and the development of radiosurgery have led
to the introduction of newer approaches which do not favor
upfront WBRT for all patients. In recent years clinical research
has attempted to identify various management strategies
appropriate for patients with metastatic brain cancers.
Studies Investigating Dose and Fractionation Schedules
of WBRT
To investigate the effects of WBRT on brain metastases the
RTOG conducted several studies using various dose and
fractionation schedules.12,57,81 Borgelt et al. reported the
outcome of various dose and fractionation schedules used
in RTOG 69-01 and 73-61.12 Doses ranging from 30–40 Gy
in 6–20 fractions (30 Gy in 6 fractions, 40 Gy in 20 fractions)
were tested. Although there was no survival difference, the
median time to neurologic progression was longer when more
protracted schedules were used. No survival difference was
seen when patients were randomized to 30 Gy in 10 fractions
versus 30 Gy in 6 fractions in RTOG 79-16.55 One-third of
patients died of brain disease suggesting the need for further
improvement in CNS control (but also emphasizing that
studies that use survival as an endpoint in brain metastases
trials will have difficulty remaining relevant since most death
is non-neurologic). No single WBRT dose schedule has been
proven superior for overall survival because most patients
died of systemic disease. Gaspar et al. performed a recursive
partitioning analysis (RPA) on patients enrolled for WBRT
in RTOG trials from 1979 to 1993.41 The median survival
was 7.1 months for RPA class I (controlled primary tumor,
age < 65 years, Karnofsky Performance Status (KPS) > 70,
and absence of non-CNS metastases). The median survival
was 2.4 months for RPA class III (KPS < 70, age > 65, and
presence of other systemic disease). Other patients (RPA
class II) had an intermediate median survival of 4.2 months.
The RTOG 85-28 trial evaluated higher doses of radiation
(twice per day with accelerated hyperfractionation) in
patients who had a single brain metastasis.33 A total radiation
dose of 32 Gy was delivered at 1.6 Gy per fraction which
was given twice a day. In addition patients received focal
radiation boosts to total doses of 48 Gy, 54.4 Gy, 64 Gy and
70.4 Gy. Patients treated to 54.4 Gy or higher showed
improved survival and better neurologic function. When
this regimen (54.4 Gy) was compared with 30 Gy in 10
fractions, no benefit to overall survival with the accelerated
hyperfractionated regimen was noted.81 The toxicity was
similar in both arms.

The combined effect of temozolomide and WBRT has also
been studied. In a phase III trial Antonadou et al. randomized
patients to WBRT alone versus WBRT plus temozolomide
(75 mg/m 2 daily during WBRT). 3 These investigators
reported significantly improved radiographic response rates
in patients treated with WBRT and temozolomide compared
with WBRT alone (96% vs. 67%). In addition, patients
treated with combined therapies had greater neurological
improvements and lower requirements for corticosteroids.
In another randomized study Verger et al. reported similar
results.126 The addition of temozolomide to WBRT did not
affect overall survival; however, patients treated with
combined therapies had better 90-day progression-free
survival and a lower rate of death secondary to neurological
causes. Although there was a trend toward a modest benefit
in median survival, no significant improvement in survival
was documented.
WBRT as an Adjuvant to Surgical Resection
Patchell et al. evaluated the role of WBRT in addition to
surgical resection in a prospective randomized study.
Postoperative MRI was used to document that resection was
complete and no other brain metastases were present.89
Patients who had complete resection of single brain
metastases were randomized to adjuvant WBRT (50.4 Gy at
1.8 Gy per fraction) or observation. The crude risk of local
6

The second method for delivering SRS is by irradiation
produced by modified or dedicated linear accelerator
(Novalis Tx™ and Axesse™), a machine that generates highenergy photons. Linear accelerators can be used for SRS by
focusing the beams through a variety of fixed, shaped fields
at the target, or by a variety of arcs at the axis of rotation.
Linear accelerator technology is made to target within the
whole body and may not provide the same accuracy within
the brain as the cobalt60 based technology. Proton beam
systems use fixed high-energy beams that are either crossfired
(non-Bragg peak) or use Bragg peak effect to deposit
radiation in the tumor.

recurrence with surgery alone was 46%, and the actuarial
risk of local recurrence at one year was 70%. The results
showed that WBRT reduced the incidence of recurrence of
brain tumors anywhere in the brain from 70% in the surgery
alone group to 18% in the adjuvant WBRT group. Wholebrain radiation therapy reduced the incidence of local failure
at the primary resection site and reduced the incidence of
new brain tumors elsewhere in the brain. The WBRT group
had a reduced risk of neurologic death. The overall survival
in both arms was not different, although the study was not
statistically powered to detect that endpoint. No difference
was seen in functional independence as measured by KPS.
Although this study demonstrated a benefit in terms of
reduction in brain recurrence, it can be argued that because
no overall survival benefit was seen, WBRT can be delayed.
Although WBRT would reduce intracranial relapse after
surgery or radiosurgery, the toxicity of this therapy has been
a concern. DeAngelis et al. reported 12 patients who were
cured from brain metastases but developed dementia and
severe disability.26 Eight of the twelve patients were also
treated with surgery. All patients who experienced neurologic
morbidity received a high dose per fraction (3–6 Gy),
whereas no patients treated with lower daily doses had this
complication. The studies with a lower dose per fraction or
lower total dose seemed to have a much lower risk of toxicity,
although many of these studies did not use sensitive
instruments to assess neurocognitive function. Although
WBRT reduces the incidence of progression of disease in
the brain following surgery or radiosurgery, and has been
shown in prospective randomized trials to improve quality
of life, the role of adjuvant WBRT remains controversial in
patients with oligometastatic disease since it does not clearly
translate into a survival advantage. On the other hand there
are tumors such as SCLC that tend to seed in a miliary fashion
and are controllable with low doses of WBRT, suggesting a
role for “prophylactic” WBRT.

Radiosurgery as the sole initial management or as a boost
before or after WBRT has emerged as a widely practiced
treatment modality for brain metastases. The goal of
radiosurgery without WBRT is to achieve brain control
without the possible long term neurotoxic or cognitive side
effects of WBRT.17 The rationale for radiosurgery, when
used as a boost after WBRT, is to achieve improved local
brain tumor control. Radiosurgery boost improves survival
in selected patients in whom the predominant problem is
brain disease rather than extracranial disease. Radiosurgery
is also used as salvage treatment for progressive intracranial
disease after surgery or WBRT. Traditionally radioinsensitive histologies tend to be more responsive to SRS
than to conventional fractionated radiation treatment. In
addition, SRS causes indirect vascular injury and subsequent
sclerosis of blood vessels, and eventual compromise of the
blood supply and circulation within the tumor.121 The overall
side effects of SRS are limited but can occasionally be
serious. There are very few acute side effects of SRS related
to the radiation. Stereotactic radiosurgery may cause mild
fatigue and sometimes a temporary patch of hair loss if the
tumor is close to the skull and scalp. There is a risk of late
side effects that can develop, the most common and serious
of which is tumor radionecrosis.134 Radiation necrosis is
damage to the tumor and or adjacent brain in the high-dose
area. This can result in edema and additional side effects
produced by the mass including seizures and neurological
deficits. Radionecrosis can often be managed with
corticosteroids. Occasionally surgical intervention is
required to reduce the mass effect. The risk of symptomatic
radionecrosis is usually less than 5%.2,5,56 A multicenter phase
I RTOG trial involving SRS documented safe SRS in patients
previously treated with standard external beam radiation
therapy.111 Early publications showed good control rates and
led to further investigation.24,64,76,120 Retrospective series have
consistently revealed local control of the target lesions in
the range of 80–85% or even higher with a very acceptable
side effect profile.5,10,20,30,37,51,70 Prospective randomized trials
have demonstrated that the one-year local control rate of
target lesions with radiosurgery is 73%, which increases to
82–89% with the addition of WBRT.2,4

Radiosurgery
Stereotactic radiosurgery is a surgical technique that employs
highly focused radiation to treat intracranial targets with
submillimeter precision in a single session. Stereotactic
radiosurgery offers many of the benefits of craniotomy
without its risks. Stereotactic radiosurgery does not cause
the physiological stress of an open operation and can be
performed in an outpatient setting. In the same session, SRS
may be used to treat multiple lesions in widely disparate
locations and in eloquent locations not conducive to open
surgical approaches. Three types of devices are commonly
used for radiosurgery: the multisource cobalt60 unit known
as the Gamma Knife,® specially modified or dedicated linear
accelerators like Novalis Tx™ and Axesse,™ or chargedparticle irradiators. The Leksell Gamma Knife® consists of
192 (Leksell Gamma Knife® Perfexion™) or 201 (Models
U, B, C and 4-C) cobalt 60 sources that emit gamma
irradiation. The epicenter of delivery of each dose (or “shot”)
of radiation is always in the center of the sphere defined by
the helmet. The Leksell Gamma Knife ® is the only
technology designed for brain tumors to provide the higher
level of accuracy necessary in the brain. Stereotactic
radiosurgery allows delivery of radiation to only a small
volume with a rapid dose fall-off.

Retrospective Studies for SRS
Patients treated with conventional open surgical resection
without WBRT had a 46% risk of failure at the site of the
resection in a randomized trial evaluating the role of WBRT
after surgical resection.89 In subsequent studies patients were
treated with SRS alone (without WBRT). These studies
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found excellent local control (70–80% at one year).21,83 Other
published series of patients treated with SRS have
demonstrated a risk of distant brain failure at one year,
ranging from 43% to 57%.22,49,66,117 In general, the risk of
new metastasis in patients with solitary tumors is
approximately 37% (crude), but the actuarial risk is 50% at
one year.62,89 The histologic features or tumor type may play
a role, with melanoma being more likely to be associated
with multiple metastases than some other tumor types.95
Despite a relatively high risk of new metastases outside the
radiosurgery volume in patients who have SRS alone,
retrospective studies have not confirmed a survival benefit
to adjuvant WBRT.94,117,118 Freedom from local progression
in the brain at one year was significantly superior in patients
who received both SRS and WBRT compared with SRS alone
(28% vs. 69%), although the overall survival rate was not
significantly different.49 A retrospective, multi-institutional
study in which patients were treated with SRS alone (n =
268) or SRS + WBRT (n = 301) also reported no significant
difference in the overall survival rate.161 Despite the higher
rate of new lesions developing in patients treated with SRS
alone, the overall survival appears to be equivalent to SRS
+ WBRT since salvage therapies are fairly effective and
patients’ extracranial disease is frequently the cause of
death.117 Only 24% of patients managed initially with
radiosurgery alone required salvage WBRT. Pirzkall et al.
reported that there was no survival benefit for an overall
group of 236 patients with adjuvant WBRT but these authors
noted a trend toward improved survival in a subset of patients
with no extracranial tumor (15.4 vs. 8.3 months, p = 0.08).94

Chidel et al. reported on 78 patients managed initially with
SRS alone and 57 patients treated with SRS and adjuvant
WBRT.157 Whole-brain radiation therapy did not improve
the overall survival rate but was useful in preventing both
the local progression and the development of new brain
metastases (74% vs. 48%, p = 0.06). These retrospective
studies suggest that WBRT will improve local and distant
control in the brain, but do not clearly demonstrate a survival
advantage.117
A multicenter retrospective analysis was performed with 502
patients treated at 10 institutions in which all of the patients
were treated with WBRT and SRS. The patients were
stratified by the recursive partitioning analysis and compared
with similar patients from the RTOG database who had been
treated with WBRT alone.104 The study revealed that patients
with higher KPS, controlled primary tumor, absence of
extracranial metastases and lower RPA class had statistically
superior survival. The addition of an SRS boost resulted in
a median survival of 16.1, 10.3 and 8.7 months, respectively,
for RPA classes I, II and III. This is in comparison to 7.1,
4.2 and 2.3 months for similar RPA class patients from the
RTOG database. This improvement in overall survival,
stratified by RPA class with an SRS boost, was statistically
significant.104 In a recent study SRS alone was found to be
as effective as resection plus WBRT in the treatment of one
or two brain metastases for patients in RPA classes I and
II.98

Table 2: Selected Recent Retrospective Studies of Radiosurgery for Brain Metastases
First Author

Year

No. of
Patients

Primary Organ

Median
Survival
(Months)

Median
Margin Dose
(GY)

Gaudy-Marqueste42

2006

106

Melanoma

5.09

25

84%

Bhatnagar9

2006

205

Mixed

8

16

71% at 1 yr

Chang16

2005

109

NSCLC

7.5

18

64% renal
47% melanoma

Serisawa109

2005

521

Mixed

9

20

95.70%

Nam82

2005

130

Mixed

8.75

17.9

63.90%

Pan85

2005

191

all lung

14

18

91%

Gerosa43

2005

504

all NSCLC

14.5

21.4

95%

Lippitz63

2004

215

Mixed

7.8–13.7

22

Hasegawa49

2003

121

Mixed

8

18.5

79%

Petrovich92

2002

458

Mixed

9

18

87%

Sheehan112

2002

273

all NSCLC

7

16

86%

Amendola1

2000

68

all breast

7.8

15–24

94%

Simonova115

2000

237

Mixed

6–12

21.5

95%

8

Local Control

93.90%

Radiosurgery Versus Resection for Single Brain
Metastases
The available data indicate that SRS and open surgical
resection (where feasible) are both excellent treatment
options for patients with solitary brain metastases. Tumor
resection offers immediate relief of symptoms in patients
with a large symptomatic tumor causing mass effect.
Stereotactic radiosurgery has a number of advantages in
comparison to open surgical resection. Stereotactic
radiosurgery does not require open resection and can be
performed as an outpatient procedure. Compared with open
surgical resection SRS is a more cost-effective procedure,73
and can be performed for any tumor location. Several
investigators have discussed the need to evaluate the outcome
of SRS and open surgical resection in a prospective
fashion.5,80 However, it is unlikely that such a study will
ever be performed due to the large number of patients
required and very difficult randomization, because of current
outcome data, widely variant risks and eligibility for
resection. The prospective trial by the University of
Kentucky demonstrated a 48% local control rate with surgery
alone 90 whereas the prospective trial by Aoyama
demonstrated a local control rate of 73% with SRS alone.4
However no difference in survival has ever been
demonstrated.5

published literature now supports use of radiosurgery in the
treatment of multiple brain metastases. Stereotactic
radiosurgery offers a very high control rate with a low risk
of serious side effects. The RTOG 95-08 study authors
concluded that addition of stereotactic radiosurgery to WBRT
improved functional autonomy for all patients; therefore
WBRT and stereotactic radiosurgery should be considered
for patients with two or three brain metastases. For patients
with good performance status up to three brain metastases,
SRS in addition to WBRT is reasonable.
Role of Radiosurgery and Resection for Multiple Brain
Metastases
The role of surgery and SRS may be complementary for
patients with multiple metastases, particularly in cases where
the largest lesion causes symptoms of mass effect and small
lesions are unresectable because of their small size or deep
location. In this context, the ideal treatment may be surgical
resection of the larger or more symptomatic lesions combined
with SRS for the surgically inaccessible lesions. This
combination approach allows for local treatment of all the
brain lesions, which may be the critical factor for a successful
outcome.11 Since the University of Kentucky study clearly
demonstrated the need for adjuvant therapy after resection
of a brain metastasis, WBRT is required for these patients.
Alternatively, some authors advocate the use of radiosurgery
in the resection cavity when WBRT is withheld,54 though
this is controversial.

Role of SRS for Multiple Brain Metastases
Stereotactic radiosurgery is an effective treatment for patients
with multiple brain metastases. A substantial amount of

Table 3: Randomized Trials of WBRT + SRS Versus WBRT Alone or SRS Alone
First
Author

Management
Modalities

Andrews
20042

WBRT

No. of
Tumors

Maximum
Tumor
Size

Patient
No.

1–3

4 cm

94

WBRT + SRS
Kondziolka
199956

WBRT

2.5 cm

WBRT + SRS
Chougule
200023

Aoyama
20064

SRS

1–3

3 cm

14

p = 0.0393

6.5
7.5

36

Pts with minimum life expectancy
of 3 months were included.

7

31

WBRT + SRS

4.9

11

WBRT
2 cm

Statistical
Significance

Study stopped at 60% accrual.

37

4

Median
Survival
(Months)

13

WBRT + SRS

SRS

Pts with prior surgery included, Pts
with active disease excluded.
WBRT 37.5 Gy in 15 fractions;
SRS 15–24 Gy, linear accelerator or
GK.
Pts with active disease included.
WBRT 30 Gy in 12 fractions.

92
2–4

Patient Eligibility

WBRT: 30 Gy in 10 fractions.
SRS: 30 Gy to tumor margin.
SRS + WBRT: SRS 20 Gy to
margin + WBRT 30 Gy in 10
fractions.
30 Gy in 10 fractions over 2–2.5
weeks.
Pts with SCC, lymphoma,
germinoma and multiple myeloma
were excluded.

60
60

9

5

p = 0.22

NA

9
7.5
8

p = 0.42

Aoyama et al. published the results of a prospective
randomized trial of radiosurgery followed by WBRT versus
radiosurgery alone.4 Local control rates with combined
modality therapy were significantly better than with
radiosurgery alone. The combination of the two therapeutic
modalities provided a local control benefit similar to that
seen in the combined modality arm of RTOG 95-08 (89%
and 82%, respectively), demonstrating inter-study
consistency.

Radiosurgery in Addition to WBRT: Level I Evidence
Local Brain Tumor Control
There have been three randomized trials examining the use
of whole-brain radiation therapy plus radiosurgery boost
compared with whole-brain radiation therapy alone in
selected patients with brain metastases. Two of these trials
have been reported in the peer-reviewed published
literature,2,56 and one has only been reported in abstract form
with the final report pending.23 In addition, one randomized
trial has been published comparing radiosurgery with WBRT
to radiosurgery alone.4

Overall Survival
No statistically significant improvement in overall survival
with the use of radiosurgery boost compared with WBRT
alone was reported in these trials.2,23,55 However, RTOG 95082 reported that WBRT and radiosurgery boost improved
survival in RPA Class I patients and in patients with favorable
histologic status, squamous cell or non-small cell lung
tumors. Median survivals for the WBRT arm ranged from
5.7–7.5 months and for the WBRT and radiosurgery boost
arm ranged from 5–11 months.

The RTOG 95-08 trial2 randomized 164 patients to WBRT
and radiosurgery boost and 167 patients to WBRT alone.
Patients with one to three newly diagnosed brain metastases
were included. The arms of the trial were well balanced for
baseline characteristics known to affect survival such as age,
Karnofsky Performance Status and status of extracranial
metastases. Brain metastases with the largest lesion up to a
maximum diameter of 4 cm and additional tumors less than
3 cm in size were included. Local brain control was defined
as unchanged or improved on serial post-treatment MRI
scans. Magnetic resonance imaging scans were judged in
central review by one neuroradiologist as complete response,
partial response or stable disease. Progressive disease was
defined as an increase in the size of any lesion, development
of new intracranial lesions, or stable disease with
deterioration of the neurologic examination.

The RTOG 95-08 trial2 reported that the overall mean
survival time was 6.5 months for WBRT alone and 5.7
months for WBRT plus a radiosurgery boost (p = 0.1356).
In Kondziolka et al.’s study,56 median survival was not
statistically different between the two groups (7.5 months
for WBRT alone vs. 11 months for WBRT and radiosurgery
boost [p = 0.22]). Survival was dependent on the extent of
extracranial disease (p = 0.02) but was not dependent on
histology or number of tumors.

Kondziolka et al.56 randomized patients with two to four brain
metastases (all < 25 mm) to WBRT alone (30 Gy in 12
fractions) or WBRT plus radiosurgery. The study was
discontinued at 60% accrual when only 27 patients were
randomized. The results were reported for 14 patients in
the WBRT group and 13 patients in the WBRT and
radiosurgery boost group. The two groups were well
balanced with respect to age, sex, tumor type, number of
tumors and extent of extracranial disease. Local brain control
was defined as no tumor growth based on MRI scans and no
increase in clinical symptoms associated with the lesion.
Serial scans were read by an independent blinded observer.
The Chougule et al. trial23 randomized patients with one to
three brain metastases to Gamma Knife® radiosurgery alone
(30 Gy to the tumor margin), WBRT (30 Gy in 10 fractions)
plus Gamma Knife® boost (20 Gy to the tumor margin), and
WBRT alone (30 Gy in 10 fractions). Patients with tumor
volume < 30 cc and minimum life expectancy of > 3 months
were included. Overall median survival was seven, five and
nine months for the arms, respectively (not statistically
significant). The results of this trial were published only in
abstract form. Local brain control was not defined in the
abstract.23

The RTOG 95-082 used recursive partitioning analysis of
prognostic factors41 to analyze the relative contributions of
pretreatment variables on the survival of patients and to
identify subgroups of patients with homogeneous prognostic
characteristics predictive of survival. The three classes were:
Class I, patients with KPS > 70, < 60 years of age with
controlled primary and no extracranial metastases; Class III,
KPS < 70; and Class II, all others. From the historic database,
the best survival was noted in Class I patients (median, 7.1
months), intermediate in class II patients (median, 4.2
months), and the worst in Class III patients (median, 2.3
months). The RTOG 95-08 trial2 explored survival outcomes
in certain subsets of patients. By multivariate analysis,
WBRT and radiosurgery boost improved survival in RPA
Class I patients (p < 0.0001) and in patients with favorable
histologic status, squamous cell or non-small cell lung tumors
(p = 0.0121). In patients with single brain metastases
(unresectable or inoperable) the median survival was 6.5
months with radiosurgery boost compared with 4.9 months
with WBRT alone (p = 0.0393).
Quality of Life
The RTOG 95-08 trial 2 reported that patients in the
radiosurgery boost group were more likely to have a stable
or improved KPS at six months follow-up than patients in
the WBRT alone group (43% vs. 27%, respectively, p =
0.03). Steroid use six months after treatment decreased in
41 of 76 patients treated with radiosurgery boost, compared
with 25 of 75 patients treated with WBRT alone (p = 0.0158).
Auchter et al., in a retrospective study,5 reported on quality

In summary, three randomized trials 2,23,55 detected an
improvement in local brain control in patients treated with
WBRT and radiosurgery boost compared with WBRT alone.
Local brain control at one year ranged from 82–92% in the
radiosurgery boost arm vs. 0–71% in the WBRT alone arm.
The study by Kondziolka et al. 56 also noted superior
intracranial control with the use of radiosurgery.
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of life or symptom control outcomes. In this study,5 the
median time in which the KPS was sustained > 70 was 44
weeks for patients treated with WBRT and radiosurgery.

actuarial one-year local tumor control rate of 88.7% in the
WBRT + SRS group and 72.5% in the SRS-alone group (p
= 0.002). The one-year actuarial rate of developing new
brain metastases was 41.5% in the WBRT + SRS group and
63.7% in the SRS-alone group (p = 0.003).

Complications
The Kondziolka et al. trial56 reported “no neurologic or
systemic morbidity related to [radiosurgery].” Andrews et
al.2 reported a statistically nonsignificant increase in the risk
of toxicity with radiosurgery boost, which was 3% acute
Grades 3 and 4 toxicities and 6% late Grades 3 and 4
toxicities. However, overall quality of life using a validated
instrument was not measured in any of these trials.

A prospective, single arm, multi-institutional Eastern
Cooperative Oncology Group (ECOG) Phase II study of
radiosurgery alone for “radioresistant” histologies
(melanoma, sarcoma, renal cell carcinoma) in patients with
one to three brain metastases has also been reported.69
Inclusion criteria were one to three newly diagnosed brain
metastases with a maximum diameter of 4 cm. In patients
with multiple lesions and any lesion > 3 cm, all remaining
lesions were required to be < 3 cm. Of 36 patients accrued,
31 were eligible and evaluable; 14 had melanoma, 14 had
renal cell carcinoma and three had sarcoma. Three of thirtyone patients (10%) had partial response, 10 of 31 (32%)
had stable disease, 14 of 31 (42%) had progressive disease,
and 4 of 31 (14%) were not evaluable. At six months, 39.2%
failed within the radiosurgery volume and 39.4% failed
outside the radiosurgery volume.

Conclusion
There is Level I evidence (three randomized trials) that
radiosurgery boost with WBRT, compared with WBRT alone,
significantly improves local brain control rate for patients
with up to four metastases. There is Level I evidence to
indicate that radiosurgery boost with WBRT improves
survival in selected patients with a single brain metastasis,
and there is Level I evidence that the ability to taper down
steroid dose and improvement of KPS was statistically better
in the radiosurgery arm at six months.2

Several retrospective studies21,94,113,117,128 compared local brain
control rates of those patients receiving initial radiosurgery
alone with those receiving whole-brain radiation therapy.
Chidel et al.21 found a statistically significant improvement
in two-year brain control with the use of WBRT in addition
to radiosurgery boost: 80% vs. 52% in patients treated with
radiosurgery alone (p = 0.034). Pirzkall et al.94 found oneyear local control rates to be inferior with the radiosurgery
alone group: 89% vs. 92% in the WBRT and radiosurgery
boost group. Shehata et al.113 reported that patients who had
whole-brain radiation therapy had superior local tumor
control rates (97%) compared with patients treated with
radiosurgery alone (87%; p = 0.0001). Sneed et al. 117
reported a statistically significant improvement in one-year
brain freedom from progression rate in those patients treated
with WBRT + SRS boost (69%) compared with those patients
treated with initial radiosurgery only (28%). It was
commented that the one-year brain control rate allowing for
salvage (using WBRT or serial SRS) at first failure was not
statistically different between those treated with initial WBRT
+ SRS boost (73%) vs. those treated initially with SRS alone
(62%). Wang et al.128 found that the local brain control rate
of patients treated with SRS alone was 93.3%, compared
with 95.6% in patients treated with WBRT + SRS boost.

Radiosurgery Alone as Initial Therapy: Level I Evidence
Local Tumor Control
In a randomized trial reported in abstract form by Chougule
et al., 23 patients were randomized to Gamma Knife ®
radiosurgery alone vs. WBRT and Gamma Knife ®
radiosurgery vs. WBRT alone. The local brain control rate
was higher in the two radiosurgery arms: 87% for Gamma
Knife® radiosurgery alone and 91% for Gamma Knife®
radiosurgery and WBRT, compared with 62% in the WBRT
only arm.
Another randomized trial compared the use of radiosurgery
with WBRT plus radiosurgery as initial therapy in selected
patients with brain metastases.4 Aoyama et al. reported the
results of a prospective, multi-institutional, randomized
controlled trial comparing WBRT plus SRS vs. SRS alone
for patients with limited (defined as < 4) brain metastases
with a maximum diameter of 3 cm on contrast-enhanced MRI
scan.4 Patients with metastases from small cell carcinoma,
lymphoma, germinoma and multiple myeloma were
excluded. Eligible patients had a KPS score of 70 or higher.
The WBRT dosage schedule was 30 Gy in 10 fractions over
2–2.5 weeks. Metastases with a maximum diameter of up
to 2 cm were treated with SRS doses of 22–25 Gy and those
larger than 2 cm were treated with doses of 18–20 Gy. The
dose was reduced by 30% when the treatment was combined
with WBRT. Local tumor progression was defined as a
radiographic increase of 25% or more in the size of a
metastatic lesion. The primary end point of the study was
overall survival. Secondary end points were cause of death,
functional preservation, brain tumor recurrence, salvage
treatment and toxic effects of radiation. One hundred thirtytwo patients were randomized (65 to WBRT + SRS and 67
to SRS alone). The interim analysis was performed with
122 patients (approximately 60 in each group). The Japanese
Radiation Oncology Study Group 99-1 trial4 reported an

Survival
The Japanese trial4 found no significant survival difference
between the groups receiving WBRT + SRS and SRS alone.
The median survival time was 7.5 months with WBRT +
SRS and 8.0 months with SRS alone. In addition, no
significant difference in the frequency of death due to
neurologic causes was observed. Death was attributed to
neurologic causes in 22.8% in the WBRT + SRS group and
in 19.3% in the SRS alone group. In Chougule et al.’s
abstract,23 median survivals were seven, five and nine months
for Gamma Knife® radiosurgery alone vs. WBRT and Gamma
Knife® radiosurgery vs. WBRT, respectively. Survival was
reported as not different among the three arms. The ECOG
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Phase II trial69 of radiosurgery alone for radioresistant
histologies found median survival to be 8.2 months (95%
CI, 7.4–12.2 months) in its cohort of patients.

(without whole-brain radiation therapy) as up-front treatment
for brain metastases.
Complications
In the randomized Japanese trial,4 there was no statistically
significant difference in any grade of either acute or late
radiation toxicities between the radiosurgery alone arm and
the radiosurgery and whole-brain radiation therapy arm. In
the ECOG trial,69 two Grade 3 events in 31 patients (one
seizure and one fatigue) were thought to be possibly related
to radiosurgery. The prospective study by Lutterbach et al.66
reported 13% of patients experiencing complications with
radiosurgery alone as initial treatment for brain metastases.
Nine percent were acute toxicities and 4% were late
toxicities. Varying degrees of toxicities were reported in
the retrospective series examining the outcomes of patients
treated with radiosurgery alone.

Lutterbach performed a prospective study 66 using
radiosurgery alone for the initial management of brain
metastases. However, no survival comparisons were made
with patients treated with WBRT. Several retrospective
studies have reported on the use of radiosurgery alone as
initial management of selected patients with brain
metastases.15,21,39,49,53,105,109,113,115,117,118,124,128 Survival outcomes
ranged from 8–15 months. Chidel et al.21 reported the median
survival of patients treated with radiosurgery alone as 10.5
months compared with 6.4 months in patients treated with
radiosurgery boost and whole-brain radiation therapy (p
value not stated). Sneed et al.117 reported that the median
survival of patients treated initially with radiosurgery alone
was 11.3 months, which was not statistically different from
the survival of patients treated with WBRT + SRS boost
(11.1 months). Wang et al.128 reported a median survival of
15 months in patients treated with SRS alone vs. 20 months
in patients treated with WBRT + SRS boost vs. 8.5 months
for patients treated with WBRT alone.

Conclusion
There is Level I to Level II-3 evidence that addition of WBRT
in patients treated with radiosurgery for 1–3 newly diagnosed
brain metastases does not improve survival, compared with
radiosurgery alone with WBRT reserved for salvage therapy.
There is Level I evidence that omission of WBRT results in
decreased tumor control, both at the site of radiosurgery and
also in the remaining untreated brain. Level II-1 and Level
II-3 evidence further support this observation.

Pirzkall et al.94 found no difference in overall survival for
patients treated with radiosurgery alone or radiosurgery and
WBRT; however, in the subset of patients without
extracranial disease, omitting whole-brain radiation therapy
resulted in a survival decrement from 15.4 to 8.3 months.
Sneed et al.118 collected data from 10 institutions to compare
the survival probabilities of patients with newly diagnosed
brain metastases managed initially with SRS alone vs. SRS
and WBRT. Of the 569 evaluable patients, 268 had
radiosurgery alone initially (24% of these ultimately needed
salvage WBRT) and 301 had radiosurgery and up-front
WBRT. The median survival times for patients treated with
SRS initially vs. SRS + WBRT were 14.0 vs. 15.2 months
for RPA Class 1, 8.2 vs. 7.0 months for Class II, and 5.3 vs.
5.5 months for Class III. With adjustment by RPA class,
there was no survival difference comparing radiosurgery
alone initially with radiosurgery and up-front whole-brain
radiation therapy.

Other Management Strategies
Chemotherapy
In principle the use of chemotherapy for brain metastases is
appealing because it can treat multiple brain tumors as well
as systemic cancer. The neurocognitive profile after
chemotherapy is better than with WBRT. However, the
development of brain metastases while patients are
undergoing systemic chemotherapy indicates that the bloodbrain barrier makes the brain a sanctuary from many
chemotherapeutic agents. The tight intercellular junctions
of the BBB prevent the free passage of drugs into brain
parenchyma and CSF. However, some chemotherapeutic
agents do cross the intact BBB fairly well. Such agents
include the nitrosoureas (e.g., BCNU and CCNU), thiotepa
and temozolomide.
Topotecan, irinotecan and
hydroxyifosfamide are also probably effective. High-dose
methotrexate and cytarabine, etoposide and idarubicin do
not cross the BBB well but may still achieve cytotoxic CSF
concentrations. Several studies have examined the use of
chemotherapy in brain metastases and have shown promise
for patients with brain metastases from small cell lung
cancer,3,46,60,96 breast cancer38,175 and germ cell tumors. Brain
metastases from NSCLC are generally less chemosensitive
than those from SCLC.31 In summary, despite concerns about
the BBB, which plays a role in allowing development of
brain metastases in patients undergoing systemic
chemotherapy, there is good evidence that systemic
chemotherapy is sometimes useful in managing brain
metastases. Its role will be limited to patients with multiple
brain metastases or active systemic cancer reasonably likely
to respond to chemotherapy. The optimal drugs, schedule
and route of administration remain to be determined.

There is Level I evidence from the recently published
Japanese trial4 and Level II-3 evidence from literature that
addition of up-front WBRT does not improve survival in
patients treated with up-front radiosurgery. Thus patients
with newly diagnosed brain metastases can be treated with
up-front SRS alone, reserving WBRT for salvage.
Quality of Life or Symptom Control
No formal comparisons between radiosurgery alone vs.
competing options of management such as WBRT have been
made in terms of quality of life or symptom control among
the studies. The only study that has reported KPS outcomes
has been the Japanese randomized trial.4 Actuarial one-year
KPS preservation rate (KPS > 70) was 25% in the SRS alone
arm and 37% in the WBRT + SRS arm. No formal neurologic
functional tests were prospectively performed. However,
validated quality of life outcomes have not been reported in
any of these studies examining the use of radiosurgery alone
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mediating sensitivity to chemotherapy and radiation therapy.
There is increasing evidence that the newer biologic agents
targeting cellular protein receptors or other components of
the tumor microenvironment may work synergistically with
conventional radiation and cytotoxic agents.

Local Delivery of Radiation or Drug at the Time of Surgery
Local radiation techniques, such as brachytherapy with I125
seeds and inflatable balloon catheters utilizing a liquid I125
(GliaSite® Radiation Therapy System), are being evaluated
for resectable brain metastases. GliaSite® consists of an
inflatable balloon catheter that is inserted into resection
cavities at the completion of surgery. Radiation is delivered
with an aqueous solution of organically bound I125 (Iotrex®
[sodium 3-(125I)-iodo-4-hydroxybenzenesulfonate]), which
is temporarily introduced into the balloon portion of the
device via a subcutaneous port approximately 5–14 days
following surgery. The I125 is uniformly distributed within
the treatment balloon and provides radiation to the
surrounding brain parenchyma. The Iotrex® is typically
allowed to dwell in the device for 3–6 days, after which the
device is explanted. Complications associated with GliaSite®
are reported to include pseudomeningocele development,
wound infection and meningitis. The GliaSite® system
remains an option for the treatment of newly diagnosed or
potentially recurrent metastases when other forms of
treatment have failed.72 In addition, a Phase II study of
GliaSite® brachytherapy after resection of a single metastasis
has demonstrated local control rate, median patient survival
time, and duration of functional independence similar to that
achieved with resection plus whole-brain radiation therapy.101
GliaSite® can be particularly useful for tumors with volumes
too large to permit radiosurgery.

Repeat Radiosurgery
Since tumor control rate after radiosurgery is 80–90%, other
management options after radiosurgery may be needed for
patients with documented tumor growth. Whole-brain
radiation therapy, microsurgery, and in selected cases repeat
radiosurgery, can be considered for patients with tumor
growth despite radiosurgery. Very little data are available
on repeat radiosurgery for brain metastases.8
Indications for Radiosurgery
• Newly diagnosed single or multiple brain metastases
without significant mass effect documented on imaging
• Boost after WBRT for single or multiple brain metastases
• Recurrent brain metastases after WBRT
• Radiosurgery for residual tumor after resection
Clinical Algorithm
Several factors are considered in making a recommendation.
These factors include:
1.
2.
3.
4.
5.
6.
7.
8.
9.
9.
10.

Gliadel® wafers (BCNU biodegradable polymer wafers) have
been developed as a method of optimizing drug delivery
into the CNS with satisfactory safety and efficacy without
producing undesirable systemic side effects. The
chemotherapy wafers are implanted in the tumor resection
cavity at the completion of surgery.13 Gliadel® was found to
be effective in breast cancer without subsequent
administration of radiotherapy. 34,35 Local BCNU
administration was also shown to be effective.34 Local
therapies delivered at the time of surgical resection of brain
metastases hold promise but have yet to be rigorously proven
to provide benefit for patients with brain metastases.

Patient’s age
Patient’s symptoms
Status of systemic disease
Patient’s current neurological status
Patient’s medical condition
Presence or absence of other organ metastases
History of prior WBRT
History of prior brain procedures
Patient’s concern and risk tolerance for neuro-cognitive
functions
Patient’s wishes

Tumor Size
Radiosurgery can be performed for tumors up to 4 cm in
maximum diameter. However, tumor volume, dose and
location are more important variables.

Targeted Therapies for Brain Metastases
Significant advances have been made in the understanding
of the molecular and cellular biology of normal and
cancerous cells. Molecular abnormalities include
chromosomal aberrations, which can result in overexpression
of oncogenes or inhibition of tumor suppressor genes. On a
cellular level, abnormalities of growth factor regulation,
signaling pathway dysregulation, and dedifferentiation have
all been implicated in malignant progression. The metastatic
phenotype is also associated with abnormal angiogenesis and
invasion. All of these molecular and cytogenetic
abnormalities are potential targets for therapy. A detailed
discussion of targeted therapy for brain metastases is
complex and beyond the scope of these guidelines. Several
agents have been developed to target pathways that are
critical for the ongoing growth and proliferation of cancer.
Many of these signaling pathways are involved in critical
cellular events, including DNA repair, cell survival signals,
invasion, angiogenesis, metastasis and apoptosis. In the
future these pathways may play an important role in

Patient Preference
Patients’ preferences are also considered in selecting a
management approach.
A broad outline of brain metastases diagnostic work-up and
management algorithms for single tumor, limited brain
disease (2–4 tumors) and multiple metastases are shown.
However, the final recommendation is usually influenced
by the recommending surgeon’s, radiation oncologist’s and
neuro-oncologist’s experiences along with patient preference.
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Brain Lesion Suggestive of Metastasis
on MRI

Known Cancer

No Known Cancer

Not Sure of Brain Met

Metastatic Work-up

No Primary

Primary Found

Stereotactic Biopsy or Resection

Metastatic Tumor Confirmed

1. Discuss roles of SRS, WBRT, Resection and Chemotherapy at different
stages in treatment.
2. Assess systemic disease (status of primary and metastases in other
organ systems).
3. Address concerns regarding cognitive effects, local and distant tumor
control.
4. Help patient choose appropriate management option.
5. Start treatment with patient’s first choice of management.
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Single Brain Metastasis on MRI

Mass Effect

Lobar,
Resectable

No Mass Effect

Non Lobar,
Nonresectable

Resection

Complete
Resection

SRS +
WBRT

Residual
Tumor

Tumor Bed
SRS or XRT

Tumor Recurrence

Local

New Lesions

Resection or
Repeat SRS

SRS or
WBRT

15

Limited (2–4) Brain Metastases on MRI

Confirm limited number of brain metastases with high-resolution, thin slice (2 mm)
double dose contrast enhanced MRI.
Assess systemic disease control and functional status.

Good

Radiosensitive Tumors

SRS alone

Poor

Radioinsensitive Tumors

SRS + WBRT

WBRT + SRS Boost

Tumor Progression

Local

New Lesions

2nd SRS

SRS or WBRT

16

Multiple (>4) Brain Metastases on MRI

Conventional
Management

Emerging
Strategies

WBRT

SRS + WBRT

Progression

SRS

Progression

Limited
WBRT
Boost

Repeat
SRS

17

Limited
WBRT
Boost
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EVIDENCE:
MEDLINE and PUBMED searches were completed for the
years 1966 to May 2008. Search terms included: brain
metastases, metastatic brain tumor, stereotactic radiosurgery,
Gamma Knife,® linear accelerator, irradiation, clinical trials,
research design, practice guidelines and meta-analysis.
Bibliographies from recent published reviews were reviewed
and relevant articles were retrieved.
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REVIEW METHODS:
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DESCRIPTION OF REVIEW METHODS:
The recommendations were a synthesis of research obtained
in the evidence gathering process by a core group of two
members (AN and LDL). These recommendations were
mailed to all committee members. Feedback was obtained
through this mailed survey consisting of proposed guidelines
asking for comments on the guidelines and whether the
recommendation should serve as a practice guideline. No
significant disagreements existed. The final statement
incorporates all relevant evidence obtained by the literature
search in conjunction with the final consensus
recommendations supported by all working group members.

OBJECTIVES:
To develop an evidence and consensus-based stereotactic
radiosurgery practice guideline for radiosurgery treatment
recommendations to be used by medical and public health
professionals following the diagnosis of brain metastatic
disease.
TARGET POPULATION:
Patients diagnosed with metastatic brain disease.

MAJOR RECOMMENDATIONS:
• Patients with brain metastases, defined by modern
neurodiagnostic imaging (CT, MRI scan) constitute
the study group. Such patients typically present with
seizures or symptoms of mass effects such as headache,
nausea, vomiting, weakness, numbness of limbs or
speech problems. Many patients’ tumors are detected
due to MRI surveillance before they develop any
symptoms.

INTERVENTIONS AND PRACTICES:
The management options for brain metastatic disease include
careful serial observation, surgical removal, radiosurgery,
whole-brain radiation therapy and chemotherapy.
Stereotactic radiosurgery is the preferred management
approach for patients with small to moderate tumor size.
Follow-up after stereotactic radiosurgery of the brain
metastases is performed using the following schedules:

• Stereotactic radiosurgery is a minimally invasive,
single session, high-dose, closed skull strategy that may
be especially suitable for patients who have limited
metastatic brain disease and have controlled systemic
disease with good functional status.

• Assess MRI scans for tumor response every 2–3
months for one year, then every 4–6 months.
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• Stereotactic radiosurgery is typically employed alone
or as a boost after WBRT for patients with metastatic
brain tumors.

POTENTIAL HARMS:
Major adverse effects of radiosurgery are based on location,
volume, and dose, and these risks can be estimated based on
published data and experience. Individual risks are related
to the anatomic location of tumors.

• A high resolution double dose contrast-enhanced MR
imaging is usually necessary to determine the number
of metastatic tumors. For radiosurgery dose planning,
double dose contrast-enhanced volumetric gradient
recalled MR stereotactic images are ideal.

SUBGROUP(S) LIKELY TO BE HARMED:
Patients with large volume tumors causing symptomatic mass
effect on the brain.

• Current radiation delivery technologies for volumetric
stereotactic conformal single session radiosurgery
include Gamma Knife,® proton beam using Bragg peak
effect, and specially modified or dedicated linear
accelerators like Novalis Tx™ and Axesse.™

GUIDELINE STATUS:
This is the full current release of the guideline.
GUIDELINE AVAILABILITY:
Electronic copies: available in Portable Document Format
(PDF) from www.IRSA.org/guidelines.html

• The optimal dose range for volumetric conformal
stereotactic brain metastases radiosurgery has been
largely established based on tumor anatomy (proximity
to eloquent brain regions), tumor volume, prior
radiation therapy and estimated adverse radiation risks.
Minimum doses to the margin typically range from
14–24 Gy in a single session.

PATIENT RESOURCES:
Patient resources are available online at www.IRSA.org, by
e-mail at office1@IRSA.org, or by calling +717-260-9808.
See “publications” for patient resources for metastatic
brain tumors: www.IRSA.org/publications.html
Brain Talk® Volume 5, No. 2

• Patients may receive a single stress dose of
corticosteroids at the conclusion of the radiosurgery
procedure. Patients can continue to take other
medications (antiseizure or antiedema drugs) as
recommended by their physicians.
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• Post-radiosurgical clinical examinations and MR
studies are requested by referring physicians at 2–3
month intervals or earlier if the patient develops a new
symptom suggestive of a new tumor, brain edema or
hemorrhage.
• Patients with large tumors causing symptomatic mass
effect may need surgical decompression of the tumor.
Residual tumor or tumor bed can be treated by
radiosurgery or radiation therapy.
• Causes for local failure of stereotactic radiosurgery
include inadequate visualization of the tumor, lack of
intraoperative stereotactic 3-D (volumetric) imaging,
new metastatic deposits and insufficient dose (due to
large tumor volume and proximity to eloquent brain
locations) to achieve the growth control response.
TYPE OF EVIDENCE:
Types I, II and III evidence exist in support of stereotactic
radiosurgery for brain metastases.
POTENTIAL BENEFITS:
Minimally invasive approach
High rates of tumor growth control (80–90%)
SUBGROUP(S) MOST LIKELY TO BENEFIT:
Patients diagnosed with small to medium size brain
metastases without symptomatic brain compression. Patients
with residual or recurrent brain metastases after resection.
Patients with residual or recurrent brain metastases after
WBRT.
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