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Abstract Brain metastasis is associated with a poor

overall prognosis, but combination therapies have emerged

that may prevent recurrence or serve as palliative therapies.

There is a wide range of treatment options for those with

1–3 intracranial metastases and stable disease, including

combinations of surgery, whole brain radiation therapy

(WBRT), and stereotactic radiosurgery (SRS). Those with

few, small metastases may be served well by SRS and

adjuvant WBRT, whereas those with larger metastases that

are amenable to resection may be treated with surgical

excision and adjuvant WBRT. Whole brain radiation alone

is reserved for individuals with greater than three brain

metastases or unstable disease. A number of studies have

been conducted to clarify the optimal treatment regimen for

patients with varying intracranial disease. This review aims

to synthesize the most current findings pertaining to the

neurosurgical treatment of brain metastases.
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Introduction

If left untreated, brain metastases result in a median sur-

vival of 1 month, with mortality due largely to neurologic

compromise [1]. Depending on a patient’s functional sta-

tus, disease burden, and histology, the major therapies for

brain metastases include surgical excision, whole brain

radiation therapy (WBRT), and stereotactic radiosurgery

(SRS) [2]. Radiosensitive metastatic lesions include leu-

kemia, lymphoma, small cell lung cancer, multiple mye-

loma, and germ cell tumors, whereas melanoma, renal cell

carcinoma, and sarcoma are radioresistant; breast and non-

small cell lung metastases lie somewhere in between [3].

The two primary goals of treatment are palliation or

increasing recurrence-free survival.

To maximize treatment outcome and tailor therapy to

individual patient needs, tools such as recursive partition-

ing analysis (RPA) and Karnofsky Performance Status

(KPS) that describe patient characteristics have been

developed. Based on the Radiation Therapy Oncology

Group (RTOG) brain metastases trials, Gaspar and col-

leagues devised the RPA classification system which

groups patients by age, KPS, and extracranial disease sta-

tus. RPA Class 1 includes patients with KPS C 70 who are

\65 years of age with no extracranial metastases and well-

controlled primary disease; Class 3 includes those with

KPS \ 70, and Class 2 includes all remaining patients [4].

Median OS is highest in Class 1 and progressively declines

in Classes 2 and 3. A more recently devised classification

system includes the Graded Prognostic Assessment (GPA),

also based on the RTOG database, which follows three

criteria: age, KPS, presence or absence of extracranial

metastases, and number of brain metastases [5, 6•, 7]. The

disease-specific GPA assigns separate scores for the clini-

cal criteria based on tumor type, which are then summed to
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predict median overall survival (OS) [8]. These grading

systems provide a basis for assigning appropriate treatment

modalities that would best improve overall survival and/or

local tumor control.

In 2013, the National Comprehensive Cancer Network

updated their guidelines for the treatment of patients with

brain metastases. In general, WBRT or chemotherapy is

recommended for 1–3 brain metastases in patients who are

not candidates for surgery due to disseminated non-CNS

disease. In stable patients with good performance status

and 1–3 brain metastases, surgery followed by WBRT and

SRS, WBRT, or SRS alone is recommended. In patients

with [3 brain metastases, WBRT alone is recommended

[3, 9]. With multiple treatment options available for newly

diagnosed patients with 1–3 metastases with stable

extracranial disease and good functional status, the treat-

ment modality should be tailored to each individual patient.

An algorithmic approach to the treatments summarized in

the following discussion is outlined in Fig. 1.

Whole Brain Radiation Therapy

Prior to neurosurgical advances, WBRT was the standard

treatment for brain metastases as it decreases the potential

for metastatic dissemination in the brain and provides good

local and regional tumor control [10•]. While WBRT had

been the treatment of choice prior to improvements in

neurosurgical technique and the development of SRS,

today it is used largely as adjunctive therapy or as

Fig. 1 Treatment approach to

intracranial metastases. WBRT

whole brain radiation therapy;

KPS karnofsky performance

status; SRS stereotactic

radiosurgery. Symptomatic

lesion refers to intracranial

symptomatology related to

tumor mass effect. Note that the

surgery ? adjuvant WBRT

approach relies more heavily on

patient KPS and age, and there

are no strict guidelines

regarding this approach. The

SRS ? adjuvant WBRT

approach may be used for 1–4

metastases for improved local

tumor control
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monotherapy for metastases that are too numerous or are

not amenable to surgery or SRS due to the patient’s RPA

status. WBRT alone is reserved for metastases that are not

resectable or are unresponsive to radiation, but is recom-

mended as a part of combination therapy with SRS or

surgery in patients with stable disease. The standard dose

of WBRT is 30 Gy in 10 fractions [3, 10•, 12–24]

(Table 1). Median survival after WBRT is 3–6 months,

with 10–15 % of individuals surviving to 1 year [11].

Complete or partial tumor responses have been shown in

60 % of recipients, and the tumor volume reduction

resulting from WBRT leads to prolonged OS and better

neurocognitive function preservation in the short term [11].

However, the Management of Brain Metastases Guidelines

(MBMG) emphasize Gaspar and colleagues’ findings that

in those patients with 1–3 metastases and controlled

extracranial disease, who are functionally independent

(spend \ 50 % of time in bed); surgical resection followed

by WBRT is the most appropriate therapy, as WBRT alone

is insufficient in preventing disease progression [10•, 25].

There is not enough evidence to support surgery followed

by WBRT in those with poor functional status and

advanced systemic disease [25]. Although incompletely

understood, the major risk of WBRT is neurocognitive.

The neurocognitive decline associated with radiation can

be subtle and poorly detected by routine MMSE [10•].

Stereotactic Radiosurgery

SRS involves directing multiple radiation beams from

various angles at the target tumor volume, providing high

dose radiation at the target while ensuring a rapid dose fall-

off to prevent destruction of adjacent tissues [26]. Brain

metastases approximately 3 cm in diameter or less are ideal

targets for SRS, owing to their spherical shape and rela-

tively small size [10•]. Like surgery alone, SRS alone has

shown little impact on extracranial metastasis control,

though individual case reports have shown evidence of the

abscopal effect, a phenomenon whereby localized irradia-

tion to metastatic tumor causes shrinkage of tumor in sites

far from the irradiated area [27–29]. Overall survival has

also seen limited impact from SRS therapy [3, 11] Rades

et al. [30] have reported that in RPA Class 1 and 2, SRS is

more effective than WBRT alone regarding local tumor

control, as measured by tumor size and recurrence. Chang

and colleagues [33] report that in patients who receive

WBRT in addition to SRS is at risk for neurocognitive

decline, and they recommend SRS alone with salvage

therapy to preserve quality of life. Patients report signifi-

cant side affects associated with the addition of WBRT,

including excess fatigue, memory loss, impaired concen-

tration, and depression; as such, some physicians prefer up-

front SRS as the primary radiotherapy and reserve WBRT

for salvage therapy to minimize side effects and maintain

quality of life [34]. Thus, regarding distant brain control

Table 1 Summary of randomized trials evaluating outcomes in

varying WBRT dosing schedules

First author Dose fractionation

scheme (Gy/fractions)

Number

Treated

Median OS

(months)

Borgelt et al. [12]

(RTOG 6901)

30/10 233 4.8

30/15 217 4.1

40/15 233 4.1

40/20 227 3.6

Borgelt et al. [12]

(RTOG 7361)

20/5 447 3.4

30/10 228 3.6

40/15 227 3.6

Graham et al. [13] 40/20 57 6.1

20/4 56 6.6

Murray et al. [14] 32/20 216 4.5

30/10 213 4.5

Priestman et al.

[15]

30/10 263 2.8

12/2 270 2.5

Phillips et al. [16] 37.5/15 36 6.12

37.5/15 ? BrdUrd 34 4.3

Epstein et al. [17] 32/20 ? 48.0 Gy

boost

30 4.9

32/20 ? 54.4 Gy

boost

53 5.4

32/20 ? 64.0 Gy

boost

44 7.2

32/20 ? 70.4 Gy

boost

26 8.2

Haie-Meder et al.

[19]

18/3 110 4.2

18/3 ? 18/3 (2

courses)

106 5.3

Hoskin et al. [20] 35/15 114 3.9

35/15 ? 15/8 boost 50 4.7

Kurtz et al. [21] 30/10 130 4.55

50/20 125 4.2

Chatani et al. [22] 30/10, normal LDH 46 5.4

50/20, normal LDH 46 4.8

30/10, high LDH 35 3.4

20/5, high LDH 35 2.4

Davey et al. [23] 40/20 45 4.8

20/5 45 4.8

Komarnicky et al.

[24]

3/10 ? 10 g/m2

Misonidazole

190 3.9

3/10 193 4.5

5/6 ? 12 g/m2

Misonidazole

196 3.1

5/6 200 4.1

p [ .05 between groups regarding median OS for all studies. BrdUrd

bromodeoxyuridine 0.8 g/m2 per day for 4 days of 3 weeks
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and median OS, the strength of SRS may lie in combined

modality therapies, but its use alone with salvage therapy is

more desirable overall when considering quality of life.

Importantly, when used alone or as salvage therapy, SRS

does not seem to compromise overall survival.

Stereotactic Radiosurgery and Whole Brain Radiation

Therapy

Large randomized controlled trials have shown that in

tumors B3 cm in size and exhibiting minimal mass effect,

SRS added to WBRT provides local control rates of

60–75 % at 2 years, distant brain control rates of 46 % at

2 years, median OS of 10 months, a decreased need for

steroids and a trend toward improved survival in RPA

Class 1 and 2 patients [31, 32]. At least three randomized

controlled studies have shown that the combination of SRS

and WBRT has also proven to be an effective mode of

therapy [31, 34–36]. Key studies are summarized in

Table 2.

In a study of WBRT with or without SRS, Andrews

et al. reported that in patients with single metastases,

WBRT together with SRS significantly improved survival

from 4.9 to 6.5 months (p \ .04) and improved the

3-month response rate and local control at 1 year from 71

to 82 % [31]. These results were corroborated by a number

of other studies [10•, 34, 36]. As a result, the current

AANS/CNS guidelines report that single-dose SRS and

added WBRT provide significantly longer patient survival

compared to WBRT alone in patients with a single

metastasis and KPS C 70. In addition, SRS and WBRT

provide better local tumor control in those with 1–4

metastasis and KPS C 70 than WBRT alone [10•, 32, 34,

36]. Thus, WBRT and SRS together are a superior therapy

in improving local control and OS in those with single

metastasis compared to WBRT alone, and the addition of

WBRT to SRS does not compromise overall survival.

Regarding SRS with or without WBRT, Aoyama and

colleagues found statistically significant improvements in

the SRS plus WBRT group versus SRS alone in the

potential for developing new brain metastases at 1 year

(41.5 vs. 63.7 %, p = 0.003), in brain metastasis recur-

rence rate at 1 year (46.8 vs. 76.4 %, p \ .001), and in the

local tumor control rate at 1 year (72.5 vs. 88.7 %,

p = .002). In addition, they found no statistically signifi-

cant change in neurotoxicity with the addition of WBRT

[35]. However, as previously mentioned, in a study

describing the outcomes of patients receiving either SRS or

the combination of SRS and WBRT, Chang et al. [33]

reported that those patients who received SRS and WBRT

had worse neurocognitive function and OS. It should be

noted that others have indicated a number of issues with

this study that may compromise the validity of its findings,

including problems with appropriate balance of study

groups and assessment of neurocognitive function [3].

Surgery

The purpose of surgical resection of brain metastases is to

provide tissue diagnosis, local tumor control, and allevia-

tion of symptoms emerging from mass effect or hydro-

cephalus caused by the tumor without causing further

neurologic deficit [32]. Prior to resection, it is important to

identify the size, number, and location of lesions as all can

impact the decision to proceed. Lesions smaller than

0.5 cm are generally considered too small to warrant sur-

gery, whereas those [3 cm generally cause more

Table 2 Summary of studies evaluating outcomes in combined

modality therapies for brain metastasis

First author Treatment Number

treated

Outcome

Andrews et al.

[31]

WBRT ? SRS 167 6.5

monthsa

WBRT alone 164 4.9 months

Aoyama et al.

[35]

WBRT ? SRS 57 41.5 %b

SRS alone 65 63.7 %

Patchell et al.

[39]

WBRT ? Surgery 25 9 monthsa

WBRT alone 23 3 months

Vecht et al. [40] WBRT ? Surgery 63 10a

WBRT alone 6

Patchell et al.

[42]

WBRT ? Surgery 49 18 %c

Surgery alone 46 70 %

Median OS rate

Muacevic et al. [45] Surgery ? WBRT 52 53

SRS 56 43

O’Neill et al. [46] Surgery 74 62

SRS 23 56

Median survival

Rades et al. [48] Surgery ? WBRT 52 47 %d

SRS ? WBRT 52 56 %

Garell et al. [49] Surgery ? WBRT 37 8 months

SRS ? WBRT 8 12.5 months

Schoggl et al. [50] Surgery ? WBRT 66 9 months

SRS ? WBRT 67 12 months

a Outcome measure is median survival
b Outcome measure is brain tumor recurrence rate at 1 year
c Outcome measure is rate of recurrence anywhere in the brain. OS

overall survival
d 1-year median survival rate. p \ .05 for all outcomes listed
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worrisome clinical manifestations as a result of tumor mass

effect, such as cognitive decline and gait problems. Surgery

is usually advisable only for a single lesion or approxi-

mately three or fewer large lesions that can be removed in a

single craniotomy, although the surgeon’s clinical judg-

ment is the primary guide to the upper limit of the number

of lesions removed in a craniotomy. Additionally, the

tumor must be accessible surgically without damaging

adjacent eloquent structures [10•]. Since the 1980s, surgery

has been strongly indicated for the treatment of single

metastases in patients with stable or controlled extracranial

disease and good functional status [11, 37]. In those with

[3 metastases or with concomitant intraparenchymal or

leptomeningeal disease, surgery is contraindicated, but the

role of surgery is less clear in patients with 2–3 metastases

and is largely left to the surgeon’s discretion [37]. It is

important to note that surgery can be used in situations that

improve quality of life; for example, in a patient with [3

metastases with excellent performance status, who suffers

from hydrocephalus due to a large cerebellar metastasis.

Evidence shows that piecemeal resection of a posterior

fossa mass is more likely to cause leptomeningeal disease

than en bloc surgical resection; in other words, surgical

technique can impact postoperative quality of life [38].

Furthermore, it is important to note that surgery is a ther-

apy tailored to patient characteristics, such as KPS and

age—there are no stringent surgical guidelines based on

number of metastases alone. Advances in technology and

surgical technique have made surgery a very safe option

with rapid recovery time, with the downside being that

chemotherapy must be delayed for at least 2–3 weeks after

surgery in order to enable wound healing.

Surgery and WBRT

Three randomized controlled trials have studied the dif-

ference between WBRT with and without surgery [39–41].

Patchell et al. [39] showed that surgery followed by WBRT

significantly improves median OS (9 vs. 3 months),

decreases local recurrence (20 vs. 52 %), decreases ‘‘neu-

rologic death’’ (14 vs. 6 months), and increases time to

recurrence ([14 vs. 5 months) compared to WBRT alone.

Vecht and colleagues [40] corroborated these results,

showing an improvement in median OS those who received

surgery plus WBRT versus WBRT alone (10 vs. 6 months,

p \ .05), specifically in those with stable extracranial dis-

ease, with no improvement in median OS in those with

progressive systemic disease. Those with stable extracra-

nial disease also had longer functional independence with

surgery plus WBRT (4 vs. 9 months) than those with

progressive extracranial disease (2.5 months for both

treatments). Mintz and colleagues [41] produced the only

study that failed to show an improvement in median OS in

those who received surgery plus WBRT, but this may be

attributable to the enrollment of those with worse baseline

KPS—a population that has been shown to derive little

benefit from the addition of surgery to WBRT [3].

Regarding the difference between surgery with or

without WBRT, there has been one randomized clinical

trial revealing that the addition of WBRT decreases neu-

rologic death (14 vs. 44 %, p \ .05), and is associated with

less recurrence at the site of resection (10 vs. 46 %,

p \ .05) and at distant sites in the brain (14 vs. 37 %,

p \ .05) [42]. This study did not show a significant

improvement in median OS, but the recurrence in surgery

plus WBRT was significantly decreased compared to sur-

gery alone (18 vs. 70 %, p \ .001). The evidence-based

Management of Brian Metastasis Guidelines (MBMG)

emphasize that surgery followed by WBRT improves

tumor control at the original tumor site as well as in the

brain overall and that even those with uncontrolled sys-

temic disease with KPS C 70 can benefit from such local

control [10•, 43]. Thus, in the absence of disseminated

disease, surgery plus WBRT reduces the risk of recurrence,

likely by eliminating micrometastases in the brain and

microscopic disease in the tumor bed [37]. Key studies in

this section are summarized in Table 2.

Surgery and Stereotactic Radiosurgery

While there have been no randomized clinical trials com-

paring surgery plus SRS or surgery versus SRS, retro-

spective analyses have shown similar survival

improvement between SRS and surgery alone, and the

decision to perform surgery or SRS should be made on a

case-by-case basis, accounting for symptomaticity, tumor

site, size, and surgeon’s preference [11, 44–46]. O’Neill

and colleagues have shown that SRS is more effective at

preventing local recurrences (0 %, 0/26) than surgery

(27 %, 19/74). 46 In terms of surgery and SRS used

together, a retrospective study has shown that giving a

local boost of SRS into the surgical tumor bed has been

shown to confer excellent survival and local control rates

comparable to WBRT, sparing the patient the neurologic

side effects of WBRT [47]. While SRS has been shown to

be just as effective as surgery regarding survival, the

inherent limitations of the retrospective analyses preclude

the establishment of standard guidelines when comparing

the two modalities; clearly, data from clinical trials can

help resolve any controversy. A brief summary of major

retrospective studies regarding SRS versus surgery is

shown in Table 2.
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Other Combinations

Regarding the effectiveness SRS plus WBRT versus sur-

gery plus WBRT based on retrospective studies, the

MBMG recommended with clinical certainty that both

combinations are equally as effective and result in equal

survival rates [10•, 48–50]. Rades and colleagues [48]

concluded through retrospective analysis that

SRS ? WBRT is at least as effective as surgery ? WBRT

for the treatment of 1–3 brain metastases. They report 56 %

1-year OS after SRS ? WBRT and 47 % after sur-

gery ? WBRT (p = .034), 82 and 66 % 1-year local

control (p = .006), and 66 and 50 % intracerebral tumor

control at 1 year (p = .003) for SRS ? WBRT and sur-

gery ? WBRT, respectively. Similarly, Garell et al. report

no significant difference in median survival between sur-

gery ? WBRT (8 months) and SRS ? WBRT

(12.5 months), and Schoggl et al. confirm these results

(surgery ? WBRT, 9 months; SRS ? WBRT, 12 months;

p [ .05) [49, 50]. Nevertheless, as mentioned previously,

lesions \3 cm in diameter that are surgically inaccessible

are more amenable to SRS, whereas lesions [3 cm and

resulting in [1 cm of midline shift may have better out-

comes if surgically removed [10•, 43]. A brief summary of

available studies is shown in Table 2.

Conclusions

A number of treatment modalities are available to those

with brain metastasis, as outlined in Fig. 1. While those

with disseminated or advanced disease should likely

receive WBRT, those who have intracranial disease limited

to 1–3 metastases and have otherwise positive performance

status may receive therapy tailored to their disease pre-

sentation. Metastases smaller than or equal to 3 cm in

diameter may be well controlled by SRS and adjuvant

WBRT, as studies have demonstrated decreased local

recurrence, whereas larger and symptomatic metastases

may be amenable to en bloc surgical resection. Given the

variety of treatment options available to those with stable

brain metastasis, it is important to tailor therapy to each

patient’s disease and ability to tolerate the procedure.
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