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ABSTRACT

Background: To assess the clinical outcomes in patients with greater than 4 newly diagnosed brain 
metastases treated with focal stereotactic radiotherapy alone.

Methods: All patients with five or more brain metastases who received focal radiotherapy without whole 
brain radiation or resection were included in this retrospective analysis. Distant brain failure (DBF), overall 
survival (OS) and toxicity were reported.

Results: Thirty-six patients met inclusion with median clinical follow-up of 6.3 months (range: 1.1, 51.4). 
Twenty-nine patients received stereotactic radiosurgery (SRS) to a median dose of 20 Gy (16-20), and 
7 received fractionated stereotactic radiotherapy (FSRT) to a median dose of 30 Gy (25, 30) in five 
fractions. The median lesion number and total brain metastases volume was 6 (5, 14) and 1.55 cc (0.12, 
32.96), respectively. The Kaplan-Meier estimate of DBF at six-month was 58%, and survival probability 
at 1 year was 49%. Twenty percent of patients experienced systemic death without CNS relapse. Eight 
percent experienced grade 3 toxicity with no grade 4 or 5 toxicity. Neither tumor volume nor number 
predicted DBF.

Conclusions: DBF, OS and treatment toxicity were similar to historical controls with fewer than five 
metastases treated with focal radiation. Focal stereotactic radiotherapy alone without whole brain 
RT is a reasonable treatment strategy for five or more brain metastases.
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IntroductIon 

Forty percent of all cancer patients will develop brain 
metastases [1, 2]. Of these patients, a significant propor-
tion present with greater than four lesions [3]. Controversy 
exists regarding the optimal management of this patient 
subset. Historically the standard of care has been whole 
brain radiotherapy (WBRT), yet mounting evidence indi-
cates WBRT results in cognitive dysfunction and worsened 
quality of life [4-6]. Additionally, WBRT is delivered over 
weeks in patients who have a limited life expectancy [7] and 
necessitates systemic therapy breaks in patients who most 
frequently succumb to their extra-cranial disease [8, 9]. 

Prospective randomized controlled trials (RCT) have 
confirmed equivalent local control and overall survival fol-
lowing SRS without adjuvant WBRT in patients with one 
to four brain metastases [10, 11]. Yet, in patients with five 
or more lesions, treatment decisions hinge on a lower level 
of evidence limited to prospective observational stud-
ies as prospective RCTs are lacking [9, 12]. Physicians 
remain reluctant to provide focal therapy alone in those 
with five or more brain metastases, which may stem from 
the perception that tumor number dramatically predicts 
poorer survival, increased distant brain failure (DBF) and 
treatment toxicity concerns. The present study assesses 
the clinical outcomes in patients with five or more newly 
diagnosed brain metastases treated with stereotactic radio-
surgery (SRS) or fractionated stereotactic radiotherapy 
(FSRT) alone without initial whole brain RT.

MaterIals and Methods

Patient and selection criteria 

This institutional review board-approved retrospective 
analysis included all patients at our institution who received 
definitive focal stereotactic radiotherapy without prior 
WBRT, SRS or surgery for five or more newly diagnosed 
brain metastases beginning in 1995. Small cell lung cancer 
was excluded. Inclusion required at least one month of radi-
ographic follow-up with brain magnetic resonance imaging 
(MRI) with contrast. A database of over 5000 radiosurgery 
courses was queried and reviewed, and 36 patients met 
study entry criteria. All patients were reviewed at radiosur-
gery conference, and focal radiotherapy is recommended 
for patients with good KPS and controlled extra-cranial dis-
ease or actively receiving systemic therapy.

Stereotactic radiotherapy technique 

SRS was delivered utilizing both a Leksell Model 
C (Elekta, Stockholm, Sweden) Gamma Knife (GK) 

and linear accelerator (LINAC)-based volumet-
ric modulated arc therapy (VMAT). LINAC-based 
VMAT was used to deliver FSRT. For GK therapy 
a stereotactic frame was placed by a neurosurgeon 
using local anesthetic, and all patients received thin 
slice (stealth) MRI with contrast for planning. A 
neurosurgeon and radiation oncologist delineated 
the gross tumor volume (GTV) defined as enhanc-
ing abnormality on T1 post-contrast sequence. The 
GTV was equal to the planning target volume (PTV). 
Treatment plans were devised with a goal of at least 
99% of the PTV covered by 100% of prescription 
dose with dose most commonly prescribed to the 50 
to 80% isodose line. 

The LINAC-based VMAT radiosurgery utilized 
a single isocenter [13]. The computed tomography 
(CT) simulation scan with 0.8 or 1 mm slice thick-
ness was manually fused with the MRI, and the GTV 
was delineated as aforementioned. All SRS doses 
ranged from 16-20 Gy depending on PTV diameter 
with lesions < 2 cm receiving 20 Gy, 2.1-3 cm receiv-
ing 18 Gy, 3.1-4 cm receiving 15 Gy and > 4 cm 
lesions receiving fractionated radiotherapy. Therapy 
was also fractionated if there was concern for treat-
ment toxicity related to critical structure proximity. 
FSRT doses ranged from 25-30 Gy delivered in five 
fractions over one to two weeks, depending on phy-
sician preference. Plans were developed in Varian 
Eclipse treatment planning system utilizing Rapid 
Arc [13, 14]. 

Data collection, follow-up evaluation and data 
analysis

Patient, tumor and treatment characteristics were 
obtained from electronic medical records. Extra-cranial 
disease was defined as active systemic disease undergo-
ing therapy. Karnofsky performance status (KPS) was 
assigned prospectively. Recursive partitioning analysis 
(RPA) class and disease-specific graded prognostic assess-
ment (dsGPA) score were generated from patient data [15, 
16]. Target volume was obtained from GK or Eclipse 
planning software. Follow-up included clinical examina-
tion and MRI at 1 month after treatment then at two to 
three-month intervals thereafter. Toxicity was scored using 
the Common Terminology Criteria for Adverse Events 
(CTCAE) Version 4.0 [17]. Irreversible grade 3, or any 
grade 4 and 5 neurologic events were recorded. 

Time to DBF, defined as new enhancing lesion on 
MRI or development of leptomeningeal disease, was 
defined from radiotherapy (RT) start date to DBF date or 
censored at date of last MRI if no DBF. Salvage modal-
ity was recorded. Overall survival (OS) was measured 
from start of RT to death date or censored at last clini-
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cal follow up. The primary end points of DBF and OS 
were estimated using the Kaplan-Meier method. Cox 
proportional hazards models were used to evaluate the 
association between total target volume and number of 
metastases and the DBF or OS.

results 

Patient and treatment demographics 

Patient and treatment characteristics are summarized 
in Table 1 for the entire cohort, and additional details 
regarding patients who underwent FSRT given in Table 
2. The median clinical follow-up for the living patients 
was 5.2 months (range: 1.1, 32.9) and 6.3 months (1.1, 
51.4) for the entire cohort. Median radiographic fol-
low-up was 3 months (1, 23). Median dsGPA predicted 
OS was 4.7 months. Of the seven patients treated with 
FSRT, median cumulative tumor volume was 17.4 cc 
compared to 1.2 cc in SRS patients (p = 0.001). 

Treatment outcomes 

Sixty-four percent developed DBF during the follow-
up period with median time to DBF of 4.2 months. The 
six-month risk of DBF was 58% for all patients (Fig. 
1). On multivariable analysis, neither tumor volume nor 
tumor number was significantly associated with DBF 
(Table 3). At the time of analysis, 24 patients (67 %) 
died with a median OS of 9.1 months (Fig. 2). OS prob-
ability at 1 year was 49%. Twenty percent of patients 
died with controlled central nervous systemic (CNS) 
disease, never having experienced a local relapse after 
SRS. Of the 24 patients with DBF, only 1 experienced 
leptomeningeal disease. Three patients experienced 
grade 3 toxicity including 2 patients with intolerance to 
steroid taper and 1 patient requiring inpatient admission 
for seizures. No patients had grade 4 or 5 toxicity. Of 
the 19 patients salvaged, 14 received repeat SRS and 5 
received WBRT.

dIscussIon

In the past decade, radiotherapy for brain metas-
tases has rapidly evolved, with WBRT being less 
utilized, even in the setting of multiple brain metasta-
ses. RCTs including patients with less than five brain 
metastases failed to show an increase in OS, improve-
ment in KPS or reduction in neurologic deaths with 
the addition of WBRT to SRS [6, 10, 11, 18]. One 

randomized controlled trial reported inferior OS of 
patients treated with SRS plus WBRT vs. SRS alone 
[4]. Although WBRT reduces DBF, a significant por-
tion of these patients observed after SRS will not fail 
distantly and can be spared unnecessary adjuvant 
WBRT without increased morality risk or functional 
decline. In addition, a majority of brain metastases 
patients will succumb to their disease due to extra-
cranial disease progression. Moreover, prospective 
data demonstrated WBRT leads to worsened quality 
of life (QOL) and cognitive deficits such as learning 
and memory decline as early as 4 months [4, 5]. As a 
result, the National Comprehensive Cancer Network 
endorses upfront SRS alone in patients with one to 
three brain metastases, and the American Society for 
Radiation Oncology has specifically recommended 
against the addition of WBRT to SRS [19, 20]. Fore-
going adjuvant WBRT in patients with more than five 
brain metastases remains controversial, as there are 
no published prospective RCT in this patient subset. 
A prospective phase III trial comparing SRS versus 
WBRT in patients with 4 to 10 newly diagnosed non-
melanoma brain metastases is currently recruiting par-
ticipants [21].

Physicians question whether patients with five or 
more brain metastases have prohibitively high DBF 
rates in the absence of WBRT. In the present study, 
64% of patients experienced DBF, which is compara-
ble to the 42-64% DBF rate observed in patients with 
one to three brain metastases following SRS alone 
[4, 10, 11]. The similarity in DBF rates confirms the 
brain lesion number does not always correlate with 
DBF risk and should not be the sole factor regarding 
adjuvant WBRT. Although WBRT would likely reduce 
DBF by 30%, 20% of patients died of systemic disease 
without CNS relapse and were presumably spared 
WBRT’s toxicity. Data suggests WBRT delays DBF 
for approximately 6 months [10]. Our six-month risk 
of DBF was 58% indicating almost half of our patients 
would not have benefited from upfront WBRT. Our 
results support prior work which claims WBRT can 
be delayed or excluded in patients with more than four 
brain metastases [22]. WBRT’s DBF reduction must 
be weighed against the negative impact on cognition 
and QOL. 

Focal stereotactic radiotherapy for several brain 
metastases has been criticized as over utilization of 
resources in a patient population with a limited life 
expectancy. At the time of analysis, 67% of patients 
had died with a median OS of 9.1 months which is 
similar to patients with fewer than five brain metas-
tases [9, 23]. retrospective data suggests number of 
metastases is not prognostic for OS [23-25]. Despite 
having five or more brain metastases, our cohort’s OS 
was better than their median dsGPA predicted survival. 
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Table 1. Patient and treatment characteristics. 

Characteristic Study cohort (n = 36) Number of patients, (%)

Age at treatment, years

 Median [range] 65.5 [23-82]

Gender

 Male 16 (44 %)

 Female 20 (56 %)

Primary tumor

 Non small cell lung cancer 13 (36 %)

 Melanoma 9 (25 %)

 Breast 8 (22 %)

 Renal cell carcinoma 3 (8 %)

 Other 3 (8 %)

Extra-cranial disease

 Yes 30 (84 %)

 No 6 (16 %)

Karnofsky performance status

 70 8 (22 %)

 80 7 (19 %)

 90 15 (42 %)

 100 3 (8 %)

 Not prospectively assigned 3 (8 %)

Recursive partitioning analysis class

 II 33 (92 %)

 Unclassified1 3 (8 %)

Diagnosis-specific GPA score

 0-1 17 (47 %)

 1.5-2.5 7 (19 %)

 3 5 (14 %)

 3.5-4 1 (0.5 %)

 Unclassified1 3 (8 %)

 Not applicable 3 (8 %)

SRS

 Dose, Gy  

 Median [range] 20 [16-20]

SRS technique 

 Gamma knife 27 (75 %)

 LINAC-based 2 (.05 %)

Fractionated stereotactic radiotherapy 7 (19 %)

 Dose, Gy

 Median [range] 30 [25-30]
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OS remains multifactorial, and lesion number should 
not preclude aggressive focal stereotactic therapy. 

The majority of our patients had extra-cranial 
disease receiving systemic therapy. WBRT requires 
longer treatment breaks compared to SRS. Given the 
majority of patients die from extra-cranial disease, it 
is important to deliver CNS directed therapy expedi-
tiously, allowing for resumption of systemic treat-
ment [8, 9]. For example, BRAF inhibitors given with 
concurrent WBRT result in severe skin reactions, but 
concurrent SRS does not result in grade 2 or higher 
dermatitis [26]. Shortened radiation courses also 
afford patients fewer clinics visits in a population bur-
dened with frequent medical appointments and limited 
life expectancy. Despite our cohort’s extra-cranial dis-
ease, they had a reasonable life expectancy. As sys-

temic agents improve, CNS control will become even 
more essential and the toxicities incurred with WBRT 
may become more apparent. 

Toxicity concerns persist regarding SRS for more 
than four targets. Three patients experienced grade 3 
toxicities with no grade 4 toxicity, which is compara-
ble to published toxicity rates in individuals with four 
or less metastases [4, 8, 9]. These low toxicity rates 
suggest multiple target SRS was well tolerated, espe-
cially in light of the cognitive detriments caused by 
WBRT.

While the cohort was predominantly lung and breast 
primaries, representative of the general population, 
25% were melanoma histology, which is a risk factor 
for DBF [27]. Despite the small patient number, CNS 
directed therapy was homogenous as patients with prior 

Number of brain metastases

 Median [range] 6, [5-14]

 5 15, (42 %)

 6 8, (22 %)

 7 4, (11 %)

 8 5, (14 %)

 9 3, (8 %)

 14 1, (.03 %)

Cumulative tumor volume, cc

 Median [range] 1.55, [0.12 – 32.96]

Salvage treatment 19, (53 %)

 SRS2 14, (74 %)

 Whole brain radiotherapy2 5, (26 %)

Grade 3 toxicity 3, (8 %)

GPA, graded prognostic assessment; SRS, stereotactic radiosurgery; LINAC, linear accelerator; Gy, Gray; cc, cubic centimeter
1Three patients lacking prospectively assigned KPS. 
2Denominator adjusted to reflect salvage patients only 

Table 2. Fractionated stereotactic radiotherapy characteristics 

Patient Metastatic lesion number Total metastatic volume, cc

1 6 18.56

2 5 5.66

3 5 15.12

4 5 34.96

5 5 17.44

6 6 24.83

7 9 15.59
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Table 3. Multivariable analyses.

Distant brain failure Overall survival

Covariate P-value HR 95% CI P-value HR 95% CI

Cumulative lesion volume, cc 0.07 0.91 0.82-1.01 0.71 0.98 0.90-1.08

Lesion number 0.12 1.19 0.96-1.46 0.84 0.84 0.65-1.09

CC, cubic centimeters

Figure 1. Kaplain-Meier curve of distant brain recurrence from date of radiation. 

WBRT, SRS or resections were excluded. Seven patients 
received FSRT rather than SRS due to increased disease 
volume or critical structure proximity, but published lit-
erature suggests equivalent local control and OS in SRS 
and FSRT [28, 29]. 

Due to its retrospective nature, our results are 
subject to selection bias. Despite multiple brain 
metastases and extra-cranial disease, 92% of the 
cohort classified as RPA II suggesting poor KPS 
patients received WBRT as upfront therapy. Neu-
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rocognitive and QOL outcomes were not captured. 
Furthermore cause of death could not be assessed in 
all patients.

conclusIon

SRS and FSRT were well tolerated and delayed or 
prevented the need for WBRT in a portion of patients. 
Our data corroborates prior studies and further sup-
ports that focal stereotactic therapy alone in a select 
group of patients is a safe alternative to upfront 
WBRT. Given the toxicity concerns with adjuvant 
WBRT, we assert it is reasonable to provide focal 
stereotactic therapy and withhold WBRT with close 
serial imaging.
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