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A B S T R A C T

Brain metastases (BMs) occur in 10% to 20% of adult patients with cancer, and with increased
surveillance and improved systemic control, the incidence is likely to grow. Despite multimodal
treatment, prognosis remains poor. Current evidence supports use of whole-brain radiation therapy
when patients present with multiple BMs. However, its associated cognitive impairment is a major
deterrent in patients likely to live longer than 6 months. In patients with oligometastases (one to three
metastases) and even some with multiple lesions less than 3 to 4 cm, especially if the primary tumor
is considered radiotherapy resistant, stereotactic radiosurgery is recommended; if the BMs are greater
than 4 cm, surgical resection with or without postoperative whole-brain radiation therapy should be
considered. There is increasing evidence that systemic therapy, including targeted therapy and immuno-
therapy, is effective against BM and may be an early choice, especially in patients with sensitive primary
tumors. In patients with progressive systemic disease, limited treatment options, and poor performance
status, best supportive care may be appropriate. Regardless of treatment goals, use of corticosteroids or
antiepileptic medications is helpful in symptomatic patients. In this review, we provide a summary of
current therapy, as well as developments in the treatment of BM from solid tumors.

J Clin Oncol 33:3475-3484. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Brain metastases (BMs) occur in 10% to 20% of
adult patients with cancer and are 10 times more
common than primary brain tumors.1-3 BMs most
commonly arise from lung and breast carcinoma
and melanoma, but any malignancy can spread to
the brain.4 With increased surveillance, improved
control of systemic cancer, and prolonged survival,
the incidence of patients with BM is growing, par-
tially attributed to the brain being a sanctuary site.
For example, more patients with human epidermal
growth factor receptor 2 (HER2) –positive breast
carcinoma5 and epidermal growth factor receptor
(EGFR) –mutant non–small-cell lung cancer
(NSCLC)6 have the brain as the initial site of relapse
after successful systemic treatment with trastu-
zumab, a large molecule that does not cross the
blood-brain barrier (BBB), or gefitinib, which has
inadequate BBB penetration.

Historically, patients with BM had such a poor
prognosis that little thought was given to determin-
ing each individual’s prognosis and optimal treat-
ment. The first effort came in the late 1990s, when
the Radiation Therapy Oncology Group (RTOG)
performed a recursive partitioning analysis (RPA).7-9

Using this approach, median survival ranged from 7.1
monthsinpatientswiththebestprognosticscore(RPA
class 1) to 2.3 months in those with the worst (RPA
class 3; Table 1). The RPA system can be applied to any

patient with a BM, but a newer prognostic index, the
Diagnosis-Specific Graded Prognostic Assessment
score, provides a higher level of refinement where the
median survival ranges from 2.79 to 25.30 months (Fig
1).10 The Diagnosis-Specific Graded Prognostic As-
sessment accounts for primary tumor type and unique
features applicable to each primary tumor, making the
system relevant to daily clinical practice.

Recognizing this marked heterogeneity in out-
comes has changed the way patients with BM are
managed. BMs are no longer considered a single
entity across patients, but a special site of metastatic
disease, assessed and managed in the context of the
primary tumor and the patient’s overall systemic
options. Treatment is now individualized, with
more emphasis placed on balancing treatment effec-
tiveness against neurotoxicity. In patients with good
prognosis, the goal of therapy has shifted from
short-term palliation to long-term survival and
quality of life (QOL). Hence, whole-brain radiation
therapy (WBRT) is less preferable in situations
where stereotactic radiosurgery (SRS)11,12 and sys-
temic agents13-15 are reasonably effective.

DIAGNOSIS

Magnetic resonance imaging (MRI) is the single
most important diagnostic tool in evaluating pres-
ence, number, size, and location of BM. MRI usually
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establishes the diagnosis, but some patients with cancer have brain
lesions as a result of other processes that are indistinguishable from
metastases on MRI. In a prospective study,16 six (11%) of 48 patients
with cancer with radiographic evidence of a presumed single metasta-
sis were found to have nonmetastatic lesions on biopsy or resection.
Although the study was conducted more than 20 years ago and may

not reflect current imaging diagnostic accuracy, it was performed with
MRI and highlights the radiologic limitation in distinguishing BM
from other enhancing cerebral lesions. Hence, unusual clinical cir-
cumstances, such as a brain lesion detected in a patient with cancer in
remission, or unusual imaging features, such as a large lesion crossing
the corpus callosum, may dictate the need for pathologic confirmation
(Fig 2).

TREATMENT

Therapy for BM includes definitive treatment directed against
the tumor itself and supportive treatment, including glucocor-
ticoids, antiepileptic drugs (AEDs), and anticoagulants, to help
reduce symptoms.

Corticosteroids

Glucocorticoids improve neurologic symptoms in up to 75% of
patients with cerebral edema and are indicated in any symptomatic
patient.17,18 Dexamethasone is generally considered the corticosteroid
of choice because of its minimal mineralocorticoid effect and long
half-life. One study suggested that 4 or 8 mg of dexamethasone is as
effective as 16 mg19; hence, most guidelines support an initial dexa-
methasone dose of 4 to 8 mg per day in two divided doses.17,18 Higher
doses are used in patients with marked mass effect or severe symptoms
or who do not respond to treatment within 48 hours.18,19 There is no

Prognosis of Patients With Brain Metastases by Diagnosis-Specific Graded Prognostic Assessment (DS-GPA) Score
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Fig 1. Prognosis of patients with brain metastases (BM) by Diagnosis-Specific Graded Prognostic Assessment (DS-GPA) score. Breast cancer subtypes are as
follows: basal: triple negative; luminal A (LumA): estrogen receptor (ER)/progesterone receptor (PR) positive, human epidermal growth factor receptor 2 (HER2)
negative; luminal B (LumB): triple positive; HER2: ER/PR negative, HER2 positive. ECM, extracranial metastases; KPS, Karnofsky performance score; n/a, not applicable;
NSCLC, non–small-cell lung cancer; SCLC, small-cell lung cancer. Data adapted.10

Table 1. Prognosis of Patients With Brain Metastases by RPA Class

RPA Class
Median Survival

(months)

RPA class 1
KPS � 70, age � 65 years, controlled primary tumor 7.1
No extracranial disease

Single brain metastasis 13.5
Multiple brain metastases 6.0

RPA class 2
All other situations 4.2

Single brain metastasis 8.1
Multiple brain metastases 4.1

RPA class 3
KPS � 70 2.3

NOTE. Reprinted with permission.69 Survival results for overall RPA classes
are from Radiation Therapy Oncology Group trials,7 and those for single and
multiple metastases subdivisions of class 1 and 2 are from Lutterbach et al.8

Abbreviations: KPS, Karnofsky performance score; RPA, recursive partition-
ing analysis.
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role for corticosteroids in asymptomatic patients, although the au-
thors suggest initiation of 2 to 4 mg per day before initiation of
radiotherapy if cerebral edema is evident on imaging.20 This will
reduce or prevent acute radiation toxicity.

AEDs

AEDs are indicated in the approximately 25% of patients who
present with seizures.21 In contrast, there is no evidence that prophy-
lactic AEDs in patients who have not had seizures will prevent future
seizures.22-25 In patients undergoing BM resection, short-term pro-
phylactic AED use with rapid tapering off reduces the risk of seizures
by 40% to 50% within the first postoperative week.26

Anticoagulation Therapy

Patients with cancer are at increased risk of venous thrombo-
embolism (VTE), which is an important cause of cancer-related
mortality.27,28 In a meta-analysis of 827 patients who underwent
elective neurosurgery, heparin prophylaxis was effective in pre-
venting VTE without excessive bleeding.29 For patients with BM
and VTE, anticoagulation was safe and more effective than inferior
vena cava filters.30 Even in patients with melanoma with hemor-
rhagic BM, anticoagulation did not significantly increase the risk of
intracranial hemorrhage.28 These studies demonstrate that antico-
agulation can be administered safely in patients with BM for VTE
prophylaxis and treatment.

DEFINITIVE TREATMENT

The most appropriate definitive therapy is selected based on the num-
ber, size, and location of BM; the primary tumor type; extent and
control of systemic disease; and a patient’s performance status.

Chemotherapy and Biologic Agents

Currently, systemic therapy is not used routinely to treat BM.31

However, it may be the first therapeutic choice for BM from highly
chemotherapy-sensitive primary tumors, such as germ cell tumors32

and small-cell lung carcinomas (SCLCs).33,34 For asymptomatic BM
found on screening MRI in patients slated to receive chemotherapy for
their systemic disease, it is reasonable to monitor the cerebral response
to systemic therapy before initiating CNS-directed treatment (Fig 3,
Table 2).13-15

The two major predictive factors of chemotherapy response are
the intrinsic chemotherapy sensitivity of the primary tumor and the
BM and, less importantly, the BBB permeability of the agent. BMs
typically respond best to agents effective against the primary cancer;
however, BM cells may have substantial genetic differences from their
primary tumor because the BM arose from a subpopulation in the
primary tumor or acquired new mutations that conferred chemother-
apy resistance.35,36 Hence, cytotoxic agents with good CNS penetra-
tion and proven benefit in primary tumors may not consistently be
efficacious against BM. BBB permeability is the other potential obsta-
cle. BMs have variable BBB breakdown, which is crudely assessed by
contrast enhancement on MRI, causing unpredictable tumor drug
concentrations.37,38 Thus, water-soluble drugs that do not ordinarily
reach the brain have proven effective against BM.

Phase III trials examining topotecan and carboplatin given in
combination with WBRT failed to show a survival advantage over
WBRT alone in patients with NSCLC with BM.39,40 A trial of
temozolomide in combination with thalidomide for BM from
melanoma also failed to show any significant benefit.41 However, a
combination of cisplatin and etoposide, both water-soluble agents
that do not penetrate the BBB, was efficacious against BM from
breast carcinoma and NSCLC.42,43 Other cytotoxic agents with
activity in BM include capecitabine,44 high-dose intravenous
methotrexate,45 and temozolomide.46-48 The critical variable is to
choose the chemotherapeutic agent based on the primary tumor
and not the expected BBB penetration.

There is increasing evidence that targeted therapies can prevent and
treat BM. A phase III study conducted in patients with advanced HER2-
positive breast cancer showed that lapatinib plus capecitabine was associ-
ated with a lower rate of CNS progression than capecitabine alone (4% v
13%, respectively; P � .045).49 It is unclear whether this reflects a direct
effect on the CNS or better systemic control with fewer BM from the
combination therapy. CEREBEL (ClinicalTrials.gov identifier:
NCT00820222;ARandomized,Multicentre,Open-Label,PhaseIIIStudy
of Lapatinib Plus Capecitabine Versus Trastuzumab Plus Capecitabine in
Patients With Anthracycline- or Taxane-Exposed ErbB2-Positive Meta-
static Breast Cancer) is a study of whether lapatinib is superior to trastu-
zumab in reducing BM frequency.

Although these studies seek to reduce the occurrence of BM,
others try to identify the best treatment against established BM. Lapa-
tinib, given alone or in combination with capecitabine, has limited
activity against BM.50,51 Other anti-HER2 drugs in trials include ne-
ratinib (NCT01494662) and afatinib (NCT01441596). A phase II

Fig 2. T1 postcontrast axial magnetic resonance image demonstrating a new
large contrast-enhancing right frontal mass in a 40-year-old woman being treated
for metastatic ovarian carcinoma. She was responding well systemically to
chemotherapy when she developed a left hemiparesis. This large homoge-
neously enhancing right frontal lesion with associated vasogenic edema and
central restricted diffusion was identified. Given atypical clinical and radiologic
features, biopsy was performed and revealed lymphoma. This case highlights the
need to consider other diagnoses for a brain lesion in a patient with known
cancer, especially when clinical and radiologic features are unusual.
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study of BKM120, a phosphatidylinositol-3-kinase (PI3K) inhibitor
with CNS penetration, plus capecitabine for triple-negative breast
cancer with BM is also ongoing (NCT02000882).

Gefitinib and erlotinib, inhibitors of EGFR tyrosine kinase,
have shown activity in BM from NSCLC with EGFR mutations52,53

(Fig 3). In a phase II trial, erlotinib administered concurrently with
WBRT demonstrated an 86% response rate without increased
neurotoxicity.53 Isolated CNS progression in patients with con-
trolled systemic disease on standard-dose erlotinib and gefitinib
may respond to a change in the dose and schedule to enhance CNS
penetration; high-dose weekly pulsatile dosing has proven effec-
tive.54 In BM from BRAF-mutant melanoma, dabrafenib55 and
vemurafenib56 also showed good intracranial response of 30% to
39%. However, sunitinib, a multireceptor tyrosine kinase inhibi-
tor, was ineffective against BM from renal cell cancer, despite its
activity against systemic disease.57

There were initial concerns of bevacizumab, a vascular endothe-
lial growth factor inhibitor, causing intracranial hemorrhage in BM,
but it has been proven safe.58,59 Small prospective studies of bevaci-
zumab, in combination with other systemic agents, demonstrated
activity against BM from heavily pretreated HER2-positive breast
cancer,60 NSCLC,61 melanoma,62 and SCLC.63 Currently, there is an
ongoing phase III trial examining the efficacy of bevacizumab, in
addition to cisplatin and pemetrexed, in patients with NSCLC with
asymptomatic BM (NCT02162537). Phase II trials of bevacizumab in
BM from breast cancer (NCT02185352), melanoma (NCT02065466),
and any solid tumor (NCT01898130) are also under way.

In recent years, advances in immunotherapy have provided more
therapeutic options for patients with melanoma. Ipilimumab, a
monoclonal antibody that blocks the inhibitory molecule cytotoxic
T-lymphocyte antigen-4 (CTLA-4) and stimulates T-cell–mediated
antitumor immune response, achieved CNS disease control in 24% of
patients with melanoma with asymptomatic BM and 10% of patients
with symptomatic disease.64 Other immune checkpoint inhibitors
have not been tested specifically in BM.

Several interesting agents have been designed to deliver non–
brain-permeable drugs across the BBB and are currently in clinical
trials. One such example is GRN1005, which consists of paclitaxel
attached to a peptide that binds low-density lipoprotein receptor–
related protein receptors at the BBB and facilitates transport of pacli-
taxel across the BBB (NCT02048059). Early studies in malignant

BA

Fig 3. A 71-year-old man was found to
have asymptomatic brain metastases on
diagnosis of lung adenocarcinoma. (A) T1
postcontrast magnetic resonance imaging
(MRI) demonstrating two brain metasta-
ses. Because of the presence of an EGFR
mutation and lack of neurologic symp-
toms, erlotinib was initiated for treatment
of his systemic and CNS disease. (B) T1
postcontrast MRI demonstrating a re-
sponse after only 1 month of erlotinib.

Table 2. Clinical Decision Making in Treatment of Brain Metastases

1. Consider systemic therapy when:
BM from highly chemotherapy-sensitive PT
BM found on screening MRI with planned systemic treatment
BM from PT with identified molecular alteration amenable to targeted

therapy
Other therapeutic options have been exhausted and there is a

reasonable drug available
2. Consider WBRT when:

CNS and systemic POD, with few systemic treatment options and poor PS
Multiple (� 3-10)� BMs, especially if PT known to be radiotherapy sensitive
Large (� 4 cm) BM, not amenable to SRS
Postsurgical resection of a dominant BM with multiple (� 3-10)� remaining

BMs
Salvage therapy for recurrent BM after SRS or WBRT failure

3. Consider SRS when:
OM (1-3) or multiple BMs,� especially if PT is known to be radiotherapy

resistant
Postsurgical resection of a single BM, especially if � 3 cm and in the

posterior fossa
Local relapse after surgical resection of a single BM
Salvage therapy for recurrent OM (1-3)� after WBRT

4. Consider surgical resection when:
Uncertain diagnosis of CNS lesion(s)
1-2 BMs, especially when associated with extensive cerebral edema
Dominant BM in a critical location

5. No treatment is reasonable when:
Systemic POD, with few treatment options and poor PS

Abbreviations: BM, brain metastases; MRI, magnetic resonance imaging; OM,
oligometastases; POD, progression of disease; PS, performance status; PT, primary
tumor; SRS, stereotactic radiosurgery; WBRT, whole-brain radiation therapy.

�Current data support use of SRS for up to three BMs. However, there is a
trend toward using SRS in treatment of up to 10 BMs.
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glioma suggested efficacy compared with unmodified paclitaxel.65

Whether this is appropriate for BM remains to be determined.

Radiation Therapy

WBRT is the most frequently used treatment for multiple BM
and improves neurologic symptoms and median survival, from 1
to 2 months without WBRT to 3 to 6 months with it.66-68 Some
primary tumors such as breast and lung cancer, especially SCLC,
are more radiotherapy sensitive than others, including melanoma
and colon and renal cancers. Indications for WBRT include the
presence of multiple BMs, oligometastases (one to three metasta-
ses) with poorly controlled systemic disease, oligometastases too
large (� 4 cm) for SRS, reirradiation after late WBRT failure, and
after surgery or SRS.69 In patients with systemic disease progres-
sion, few treatment options, and poor performance status, sup-
portive care alone may be appropriate.70

The recommended dose of WBRT is 30 Gy in 10 daily fractions. A
Cochrane review of eight published trials evaluating various WBRT
dose fractionation schedules compared with the standard regimen
showed no significant difference in response rates or median sur-
vival71; however, daily fractions of more than 3 Gy may cause acute
radiation toxicity with neurologic deterioration in patients with exten-
sive pretreatment edema.72

Several studies have examined the effects of adding radiotherapy
sensitizers, including lonidamine,73 metronidazole,74 misonidazole,75

motexafin gadolinium (MGd),76 bromodeoxyuridine,77 and efa-
proxiral,78 to WBRT, but none improved overall survival (OS)73-77 or
local response rates.73,74,77,78 The phase III trial of efaproxiral also had
negative results but improved response rates and survival in a sub-
group of patients with breast cancer78; patients who received efaproxi-
ral also reported improved QOL and Karnofsky performance score
(KPS). In the randomized study of WBRT with or without MGd,
subgroup analysis demonstrated improved neurologic and cognitive
function in patients with lung cancer who received MGd, which could
be attributed to better CNS disease control (median time to neuro-
logic progression, 4.3 v 3.8 months, respectively; P � .018).76 How-
ever, none of these randomized trials were sufficiently powered for the
subgroup analyses.

WBRT may be associated with delayed, progressive, irreversible
cognitive dysfunction in long-term survivors; however, tumor pro-
gression affects neurocognitive function adversely more frequently in
patients with BM than radiotherapy-induced neurotoxicity.79,80 Re-
gardless, attempts have been made to reduce WBRT-associated neu-
rotoxicity. Neuroprotective agents, including donepezil81 and
memantine,82 have been tried without convincing success. A phase III
trial of WBRT plus memantine versus WBRT plus placebo showed
that patients receiving memantine had less decline in delayed recall at
24 weeks; however, the study was underpowered to show a significant
difference based on only 149 evaluable patients.82 Hippocampus-
avoidance WBRT, a novel technique devised to spare critical hip-
pocampal areas and reduce the effects of radiotherapy on neural stem
cells, was safe and possibly effective in preserving memory and QOL in
phase II trials.83,84 Two ongoing cooperative group studies, the Na-
tional Surgical Adjuvant Breast and Bowel Project, Radiation Therapy
Oncology Group, and Gynecologic Oncology Group–Cancer Control
(NRG-CC) 001 and NRG-CC 003 trials, are evaluating hippocampus-
avoidance WBRT in a randomized fashion.85

Seventy to 80% of patients with BM have one to three lesions.86 In
the 1980s, SRS was introduced and studied extensively in patients with
oligometastases. The first randomized trial evaluating the role of SRS
boost to WBRT versus WBRT alone, in patients with two to four
metastases, was stopped at an interim evaluation because of a signifi-
cant benefit in local control for the SRS arm (1-year failure rate, 8% v
100%, respectively; P � .001; median time to failure, 36 v 6 months,
respectively; P � .001).87 With only 27 patients, the study failed to
show significant survival benefit. A subsequent large prospective trial,
RTOG 9508, demonstrated improved median survival from 4.9
months to 6.5 months in patients with a single BM who received
WBRT and SRS compared with WBRT alone (P � .0393).88 RPA class
1 patients with oligometastases who received the SRS boost had im-
proved median survival from 9.6 months to 11.6 months (P � .0452);
significantly more patients in the SRS boost group had a stable or
improved KPS score at 6-month follow-up (43% v 27% with WBRT
alone; P � .03). This study also demonstrated that the gamma knife
and linear accelerator were equivalent in delivering SRS effectively.

In a separate study, patients with one to four BMs were randomly
assigned to receive either WBRT plus SRS at 30% reduced dose or
full-dose SRS alone; there was no significant survival or functional
difference between the groups.89 However, there was an increased
frequency of intracranial relapse in the SRS-alone group compared
with WBRT plus SRS (12-month brain recurrence rate, 76.4% v
46.8%, respectively; P � .001). Relapse was significantly higher in
patients with two to four BMs before treatment, active extracranial
metastases, and lower KPS of 70 to 80. A subsequent prospective trial
examined neurocognitive functions of patients with oligometastases
randomly assigned to receive SRS plus WBRT or SRS alone.90 This
study was stopped prematurely because an interim analysis showed a
96% probability that the SRS plus WBRT group was more likely to
show learning and memory decline at 4 months. Similar to the previ-
ous study, there was also an increased frequency of 1-year intracranial
relapse in the SRS-alone group (73% v 23% with SRS plus WBRT; P �
.001). However, more patients in the SRS plus WBRT group died at 4
months (29% v 13% with SRS alone), raising concern that general
disease-related deterioration could have contributed to the significant
cognitive decline in this group. Despite controversies surrounding the
trial results, the lack of survival benefit, risk of radiation necrosis, and
potential worse cognitive outcome with SRS plus WBRT have made
SRS alone the preferred initial treatment option in patients with oli-
gometastases smaller than 4 cm (Table 2).91 A recent cost-effectiveness
study also showed that first-line SRS alone delivers more cost-effective
care despite an increased need for salvage therapy, further supporting
this approach.92

The role of SRS in patients with more than three BMs is less clear.
A recent Japanese multi-institutional prospective observational co-
hort study showed that SRS alone as initial treatment for patients with
five to 10 BMs demonstrated noninferior survival compared with
patients with two to four BMs93; however, patients with five to 10 BMs
had an increased incidence of leptomeningeal dissemination (P �
.035) and new BM (P � .067). Whether earlier brain progression
translates to worse cognition compared with WBRT is unknown but
was suggested in the MGd WBRT study76 and will be studied in the
North American Gamma Knife Consortium trial (NCT01731704).
Cost-effectiveness of SRS to more than three BMs also warrants fur-
ther assessment before routine use can be advocated in this setting.
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SRS has also been studied as salvage therapy. A phase I trial,
RTOG 9005, evaluated the safety of SRS in recurrent previously irra-
diated primary brain tumors and BM.94 Maximum-tolerated doses
were determined as 24, 18, and 15 Gy for tumors � 20, 21 to 30, and 31
to 40 mm in maximum diameter, respectively. Larger tumor diame-
ter, higher radiotherapy dose, and worse KPS were significantly asso-
ciated with grade 3 to 5 neurotoxicity. A retrospective study assessed
efficacy of salvage SRS in recurrent BM after WBRT and demonstrated
good 1-year (76.6%) and 2-year (57.9%) metastasis local control
rates.95 A more recent retrospective review of 106 patients who re-
ceived salvage SRS showed a 1-year local control rate of 60.1%, a
median progression-free survival time of 6.2 months, and a median
OS time of 11.7 months.96 Older age, poor systemic disease control,
and increased time from initial radiotherapy to salvage SRS correlated
with worse survival.

SRS leads to radiation necrosis in approximately 10% of patients,
particularly when combined with or after WBRT.94,97,98 Radiation
necrosis can be challenging to discriminate from recurrent BM on
standard MRI. Perfusion MRI sequences may be useful because recur-
rent BMs are characterized by increased vascular perfusion, whereas
radiation necrosis has decreased vascularity (Fig 4)99; however, these
are relative changes with possible false-positive and false-negative
results. Corticosteroids help reduce edema and improve neurologic
function, but some patients with radiation necrosis become
corticosteroid-dependent with the attendant toxicities. Surgical resec-
tion of radiation necrosis is the only definitive treatment; it usually
provides symptomatic relief and allows reduction of corticosteroid
dose but is not always feasible depending on the location. Antiplatelet
agents, anticoagulation, and hyperbaric treatment have failed to show
definite benefit.100 A retrospective study showed that bevacizumab
reduced radiographic and clinical manifestations of radiation necrosis
in patients with lung and breast carcinoma with BM.101 A small con-
trolled trial also showed efficacy of bevacizumab in treatment of symp-
tomatic CNS radiation necrosis in primary brain tumors and patients
with head and neck carcinoma.102 This benefit remains to be validated
in patients with BM.

Surgical Therapy

In the 1990s, three randomized controlled trials evaluated the
benefit of surgical resection in addition to WBRT for single
BM.16,103,104 Two trials showed survival and functionally independent
survival benefits of surgery plus WBRT compared with WBRT
alone.16,103 However, these benefits were not observed in a third trial,
in part because the entire cohort in this study had a worse KPS and
more extracranial metastases, and 22% of patients in the WBRT-alone
group had surgery at progression.104 A Cochrane review of the three
trials comprising 195 patients showed no significant OS difference,105

but there was a high degree of heterogeneity between the trials in-
cluded in the meta-analysis (I2 � 83%). Thus, most view surgery as an
effective treatment that can improve survival and outcome for patients
with single BM.

Subsequent trials examined various postoperative therapies for
single BM. A multicenter trial randomly assigned patients with single
BM after resection to either WBRT (50.4 Gy in 28 fractions) or obser-
vation; WBRT reduced intracranial recurrence (18% v 70%, respec-
tively; P � .001) and death as a result of neurologic cause (14% v 44%,
respectively; P � .003) but did not improve OS.106 Despite enhanced
intracranial control, the absence of a survival advantage and the risk of
WBRT-associated neurotoxicity have resulted in continued contro-
versy over the role of postoperative WBRT.

With growing interest in SRS, two studies, one retrospective107

and one prospective,108 examined SRS versus surgery plus WBRT for
treatment of one or two BMs and showed no significant difference in
OS or local control between the two groups. In the prospective study,
more patients in the SRS group experienced distant brain recurrences,
but SRS was associated with shorter hospital stay, less corticosteroid
use, and lower toxicity.108

A retrospective, case-control study comparing surgery and
WBRT versus SRS and WBRT in 133 patients showed no OS differ-
ence between the two groups.109 Multivariable analyses demonstrated
a greater response of radiotherapy-resistant BM to SRS compared
with surgery (P � .005). A more recent randomized noninferiority
trial examining the same treatment arms was closed early as a result of

BA

Fig 4. A 60-year-old man underwent
surgical resection followed by stereotactic
radiosurgery for an isolated left frontal
metastasis secondary to lung adenocarci-
noma. A year later, he developed an
asymptomatic new contrast-enhancing le-
sion. (A) T1 postcontrast magnetic reso-
nance imaging (MRI) demonstrating a
heterogeneously contrast-enhancing left
periventricular mass. (B) Dynamic contrast-
enhanced perfusion MRI demonstrating lack
of increased plasma volume in the contrast-
enhancing left periventricular mass, strongly
suggesting this is radiation necrosis. The pa-
tient was monitored with serial imaging with
no significant growth of mass or new meta-
static lesions.
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slow accrual, with consequent low statistical power to detect any
survival or local control differences.110 A subsequent trial, the
European Organisation for Research and Treatment of Cancer 22952-
26001 trial, assessed the efficacy of adjuvant WBRT in patients with
one to three BMs treated with either SRS or surgery.111 OS and func-
tional independence duration were similar in patients who did and did
not receive WBRT (P � .001). WBRT improved 2-year local and
distant cerebral control rates and reduced neurologic deaths. These
studies indicate that SRS is an excellent treatment option for patients
with oligometastases, especially when the primary tumor is considered
radiotherapy resistant; the addition of WBRT may prolong CNS dis-
ease control but does not improve survival. Therefore, with careful
surveillance, clinicians can use SRS alone with confidence and reserve
WBRT for salvage if needed (Table 2).112 Cognitive function was not
assessed in these studies, so detailed data on the differential cognitive
consequences of WBRT versus an increased risk of intracranial relapse
after SRS or surgery are not available.

In recent years, there has been a trend toward treating postsurgi-
cal cavities with SRS. A systematic review of 14 studies involving 629
patients with BM treated with SRS postoperatively demonstrated ex-
cellent 1-year local control (85%) and median OS (14 months)113

comparable to the postoperative WBRT study.106 A recent phase II
trial also showed improved local control when a surgical cavity was
treated with SRS114; large tumor size (� 3 cm) with superficial dural/
pial involvement and infratentorial lesions were associated with worse
local and regional control. With these data, close clinical monitoring
with or without early SRS are reasonable alternatives to postoperative
WBRT. The exception may be patients with large infratentorial BM
with superficial dural/pial involvement; given their 40% incidence of
subsequent leptomeningeal metastases, the authors recommend post-
operative treatment (Table 2).115

Limited data exist from randomized trials comparing the efficacy
of surgery alone with SRS alone for BM. An early study followed 13
patients and 62 matched patients treated with SRS and surgery, re-
spectively, and demonstrated increased median survival time in the
surgery group (7.5 v 16.4 months, respectively; P � .001).116 The
higher mortality in the SRS group was a result of progression of
SRS-treated BM and not poor systemic control. A subsequent retro-
spective review showed no significant survival difference when pa-
tients received either treatment.117 However, surgical resection
resulted in increased local recurrence compared with SRS (58% v 0%,
respectively; P � .02).

Pathologically, BMs have a relatively sharp border with nor-
mal surrounding brain, especially compared with malignant glio-
mas. However, new data suggest that BMs have an invasive edge
that may account for their high local recurrence rate after surgical
resection.118 Current surgical therapy involves conventional
white-light microscopy-assisted microsurgical and circumferential
stripping of BM from surrounding brain parenchyma.118 A recent
study demonstrated that microscopic total resections, which in-
cluded removal of adjacent brain parenchyma with pathologic

confirmation of tumor-free resection margins, yielded better local
control than gross total resections without removal of neighboring
brain parenchyma (hazard ratio, 3.14; P � .003).119 Interestingly,
there was no significant difference in local recurrence rate between
microscopic total resection without radiotherapy and gross total
resection with postoperative radiotherapy.

New or worsening perioperative neurologic deficit is always a
potential concern, especially when metastases occur at critical sites. In
a study of 206 patients with BM located in motor eloquent and non-
eloquent locations, 39 patients (19%) had improved neurologic status
postoperatively, whereas 29 (14%) developed new deficits.120 Risk
factors identified with postoperative motor deficits were prior radio-
therapy, tumor located in eloquent cortex, and high RPA class. Thus,
these factors must be considered before recommending surgery.

In conclusion, BMs are common, and their frequency is increas-
ing. Current care involves radiotherapy, either SRS or WBRT, and/or
surgery and depends on the number, size, and site of metastases, as
well as overall systemic disease control and a patient’s performance
status. Systemic chemotherapeutic approaches are gaining traction
and are increasingly efficacious options that are being used earlier in
the course of the illness. Early vigorous treatment can enhance a
patient’s functional status and prolong CNS disease control and sur-
vival. Better understanding of the interactions between BM, the mi-
croenvironment, and the BBB may identify novel targets to prevent
and treat BM.

Addendum

The North Central Cancer Treatment Group trial N0574 that
was recently presented at the 2015 American Society of Clinical On-
cology Annual Meeting examined patients with one to three brain
metastases who received SRS with or without WBRT. The study
showed that patients who received WBRT plus SRS had worse cogni-
tive outcome (P � .001) despite improved local control (P � .001);
there was no significant difference in overall survival between the two
groups (P � .092).121 This further supports the use of SRS alone with
close monitoring as up-front therapy for patients with newly diag-
nosed brain metastases.
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