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Abstract
Objective Radiation for brain metastases is typically delivered
by whole brain radiation (WBRT), stereotactic radiosurgery
(SRS), or a combination thereof. There are patients with
lesions that are not candidates for SRS owing to a maximum
target diameter >3 cm, for which avoiding WBRT may provide a quality of life benefit. Here, we report our early experience with stereotactic hypofractionated radiation therapy for
brain metastases or resection cavities (SBRT brain) as an
alternative to WBRT.
Methods We performed a single-institution retrospective review of 44 patients treated with SBRT brain between July
2007 and February 2012. Median lesion diameter was
3.65 cm. The most common fractionation was 30 Gy in five
fractions. Treatments were delivered via BrainLAB/Varian
NovalisTx linear accelerator with daily stereotactic x-rays
for 6D setup correction, and cone-beam CT for validation.
Results Mean follow-up was 5.4 months. Seventy-seven percent
of patients underwent post-resection radiation. Median overall
survival was 10 months. There was a trend for survival advantage in patients who underwent resection compared to the group
with intact tumors, 10.8 versus 5.7 months (p=0.18), between
systemic burden of disease and overall survival (p=0.06), and
number of brain metastases (p=0.08). Twenty-seven percent had
tumor recur locally, with median local recurrence-free survival of
21 months. Local control did not stratify by BED10 (p=0.02), but
did correlate with tumor size (p<0.001). Forty-three percent of
patients failed elsewhere in the brain, with median recurrenceK. H. Young (*) : F. Siddiqui : J. A. Tanyi : C. Marquez :
C. D. Kubicky : M. Fuss
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free survival of 9 months. Acute side effects were mild.
Radionecrosis occurred in 14 %, with median onset of
41 months; a single patient was symptomatic requiring
bevacuzimab.
Conclusions SBRT brain for larger brain metastases and postresection cavities can be administered with a favorable side
effect profile. Outcomes compare favorably to the historical
data for WBRT. While longer-term survival was observed, inbrain failure and/or systemic disease progression are limiting
overall survival.
Keywords Stereotactic radiation therapy . Stereotactic
radiosurgery . Whole brain radiation

Introduction
Approximately 10 % of all cancer patients will develop symptomatic brain metastases [1]. As systemic therapeutics improves overall survival, an increase in the incidence of brain
metastases is expected. Treatment of brain metastases has
been shown to prolong life and improve quality of life [2].
Originally, therapy for brain metastases involved surgical
resection or whole brain radiation. Patchell et al. demonstrated
that surgical resection followed by whole brain radiation
(WBRT) was superior to surgical resection alone for in-brain
tumor recurrence and neurologic death [3]. However, WBRT
is associated with significant quality of life decrements related
to radiation-induced cognitive impairment. Radiation-related
cognitive impairment, characterized by decrements in verbal and spatial memory, attention, and problem solving
ability [4], has been estimated to occur in up to 90 % of
patients receiving WBRT with increasing incidence and severity over time, and correlated with increasing doses [5].
Initial symptoms appear as early as 6 months, and can
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progress to dementia in up to 5 % of long-term survivors
[6–8]. Reduced quality of life related to neurocognitive decline is included in many prospective trials, recognized as an
increasingly important parameter [9].
More advanced treatment techniques lead to the development of stereotactic radiosurgery (SRS) resulting in high-dose
single fraction treatment. SRS has been utilized alone or in
conjunction with WBRT and has demonstrated excellent local
control and survival outcomes comparable to surgical resection [10]. Tumor size greater than 3 cm limits the safety of
SRS; however, patients with these larger lesions may wish to
avoid the toxicity of WBRT. For these patients, we support
using a hypofractionated technique of up to five fractions of
radiation which we call stereotactic radiation therapy for brain
metastases (SBRT brain). In this retrospective study, we evaluated our early institutional experience using SBRT brain as
an alternative to WBRT for the treatment of metastases or
post-resection cavities.

Methods
Patients
After Institutional Review Board approval, we reviewed the
medical records of patients with brain metastases treated with
a hypofractionated stereotactic radiation therapy utilizing between two and five fractions between July 2007 and February
2012 for outcome characteristics including local recurrence,
intracranial disease progression outside of the treatment field
considered non-local in-brain recurrence, overall survival, and
side effects including radionecrosis. A total of 42 patients with
44 tumors were included for analysis. This article does not
contain any studies with human or animal subjects performed
by any of the authors.

Statistics
Survival analysis was performed using Kaplan-Meier survival
curves and utilizing a log-rank analysis or Gehan-BreslowWilcoxon test for significance. Correlative data was analyzed
using two-way ANOVA or chi-squared test. For all analyses,
p<0.05 was considered as significant. Statistical analysis was
performed using GraphPad Prism 5.0 (GraphPad Software, Inc,
La Jolla, CA).

Results
Baseline characteristics
Between July 2007 and February 2012, 42 patients with 44
tumors were treated with SBRT brain in our department.
Patient characteristics are provided in Table 1. Mean followup was 5.4 months (range 0 to 48.6 months). Forty three
percent of treated metastases were non-small cell lung cancer, 15 % were melanoma, and 7 % were renal cell carcinoma. Seventy seven percent of patients underwent resection
prior to radiation, while 23 % of tumors were intact. Four
patients had their metastases previously radiated, including
one patient receiving prior WBRT, and three patients receiving prior SRS or SBRT brain. There was a high level of
systemic disease burden in our patient population, with 31
patients having wide metastatic disease, 3 patients with
uncontrolled primary along with brain metastases, and only
10 patients with brain metastases exclusively. The majority
of patients had more than one brain metastasis, with 52 %
receiving treatment to >1 lesion concurrently; one patient
underwent concurrent WBRT with SBRT as a boost, five
underwent SBRT brain to multiple lesions concurrently, and
17 underwent concurrent SRS to other lesions while receiving SBRT brain.

Radiotherapy and response evaluation
Treatment outcomes
Treatments were delivered using a BrainLAB/Varian Novalis
Tx linear accelerator over consecutive days in 28 patients, and
every other day in 16 patients. Image-guidance employed
daily stereotactic x-rays for 6D setup correction (ExacTrac,
BrainLAB), and subsequent cone-beam CT (OBI, Varian) for
volumetric validation. Clinical and dosimetric data was obtained from the chart. The most common fractionation was
30 Gy in five fractions (n=20), followed by 35 Gy in five
fractions (n=16), and 25 Gy in five fractions (n=3). Tumor
size was determined by the largest diameter measurements on
MRI performed independently by two physicians. Tumor
volume was extracted from the dosimetric planning system
as contoured by the treating physician. Recurrence was determined by chart review of radiologic data, with the date of
recurrence or progression coinciding with the date of the MRI.

Median overall survival was 10 months, 1-year overall survival was 41 % (Fig. 1a). There was a non-significant trend for
survival advantage in patients who underwent resection compared to the group with intact tumors, 10.8 versus 5.7 months
(p=0.18) (Fig. 1b). There was a trend towards significance
between the systemic burden of disease and overall survival
(p=0.06) (Fig. 1c) and number of brain metastases (p=0.08)
(Fig. 1d). Patients with a single brain metastasis had a median
survival of 12 versus 6 months in those with multiple brain
metastases. There was a positive correlation between whether
or not a patient died and systemic burden of disease
(p<0.0001) or number of brain metastases (p<0.0001). If a
patient suffered a local recurrence, there was a significant
correlation with worse overall survival (p<0.0001).
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Table 1 Patient characteristics
Male, n (%)

32 (73 %)

Age, years: median (range)
Follow up, months: median (range)
Primary tumor histology
NSCLC
Melanoma
Renal cell
Adrenocortical carcinoma
Breast
Esophageal
Hepatocellular carcinoma
Ovarian
Unknown primary
Colon
Sarcoma
Lymphoma
Tumor volume, cc: median (range)
Largest tumor diameter, cm: median (range)

59 (25–80)
5.4 (0–48.6)

Tumor previously radiated, n (%)
Number of brain metastases, median (range)
Widely metastastic extracranially, n (%)
Resected, n (%)
BED10, Gy: median (range)

19 (43)
7 (15)
3 (7)
2 (4)
2 (4)
2 (4)
2 (4)
2 (4)
2 (4)
1 (2)
1 (2)
1 (2)
12.6 (2.5–56.3)
3.65 (1.9–5.7)
4 (9)
2 (1–7)
30 (68)
36 (77)
48 (28–65.6)

Twelve patients (27 %) had tumor recur locally within the
treatment field (Fig. 2a), with a median local recurrence-free
survival of 21 months. No difference was observed between
Fig. 1 Overall survival. a
Median overall survival was
10 months. b Overall survival was
non-significantly improved in the
patients with resected tumors.
Median overall survival
5.7 months in the unresected
group versus 10.8 months in the
resected group (p=0.2). c Trend to
overall survival benefit in patients
without systemically metastatic
disease (p=0.06) with median
survival of 6 months (metastatic)
versus 16 months (brain +/−
primary tumor). d Trend towards
improved survival in patients with
a single versus multiple brain
metastases (p=0.08). Median
survival 12 months (single)
versus 6 months (multiple)

resected and intact tumors. The 1-year local recurrence rate
was 47 %. Patients treated with a BED10 of <40 did not recur,
and patients with a BED10 of 51–60 had a trend towards
improved local control compared to those treated to BED10
41–50, though this was not significant (p=0.2) (Fig. 2b). Rate
of local recurrence did not correlate with dose or histology, but
did correlate with tumor size (p<0.001) (data not shown).
There was no advantage in time to local recurrence based on
systemic disease burden (Fig. 2c) or number of brain metastases (Fig. 2d), but there was a positive correlation between
whether or not someone recurred locally and systemic burden
of disease (p<0.001) and total number of brain metastases
(p<0.001). Forty-two percent of patients with local failure
also failed elsewhere in the brain.
Nineteen patients (43 %) developed non-local in-brain
failure characterized as in-brain failure outside of the treatment field (Fig. 3a), with a median non-local in-brain recurrence free survival of 9 months. Thirteen of these patients
underwent additional radiation therapy including seven receiving WBRT alone, six with SRS or SBRT brain, and one
with both WBRT and SRS, with a median time to reirradiation of 30 months. No difference was observed in
non-local in-brain recurrence between resected and unresected
groups. There was no difference on timing of in-brain recurrence based on systemic burden of disease (Fig. 3b). However,
there was a positive correlation between whether or not a
patient had non-local in-brain recurrence and systemic burden
of disease (p=0.002) or number of metastases (p=0.001).
There was a non-significant trend towards earlier in-brain
failure and the number of metastases at the time of SBRT
brain (1 vs ≥2, p=0.3) (Fig. 3c and d).
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Fig. 2 Local recurrence-free survival. a Median local recurrence-free
survival for all patients of 21 months. b No difference in local control
for tumors based on BED10 (p=0.2). c Trend towards worse local control

based on disseminated systemic metastases (p=0.3). d No difference was
observed in local control based on a single versus multiple brain
metastases

Side effects

disseminated metastatic disease, the local control and overall
survival rates are within what would be expected within this
population [13]. The majority of our patients had undergone
resection prior to SBRT brain and had multiple brain metastases concurrently treated with other radiation modalities,
effectively utilizing SBRT as an alternative to WBRT. Our
analysis did not identify a clear break point for which treating
focally instead of WBRT may lose its benefit. However, we
did see with increasing systemic disease burden and more than
one intracranial metastasis, there was a trend to reduced efficacy with high rates of non-local in-brain recurrence, local
recurrence, and reduced overall survival. These data indicate a
strong set of selection criteria and should be utilized when
offering a patient SBRT brain over conventional WBRT given
the probability of re-treatment, and caution should be used
when offering SBRT brain to patients with extensive extracranial disease and multiple brain metastases.
We did not see a clear benefit to dose escalation within our
patient cohort. Recently, a dose-effect relationship was evaluated for SRS and SBRT brain which established a higher rate of
local control achieved with doses greater than BED12 40 Gy,
which our 6 Gy × five fractions meets at 45 Gy [14]. No BED
range provided a statistically significant local control benefit,
though our sample size was low and limited our ability to detect
a difference in groups despite separation of the survival curves.
Patients treated at our lowest dose range appeared to have the
best local control, but likely represented a biased cohort given
that some of their disease was more radiosensitive (DLBCL),

Acute side effects were mild and included fatigue and focal
hair loss. The incidence of radiologically evident
radionecrosis was 13.6 %, with median onset of 41 months.
One patient suffered headaches as a result of radionecrosis,
and underwent a 3-month course of bevacuzimab, with resolution of symptoms. There was no grade 3 or higher toxicity.
The incidence and timing of radionecrosis was equivalent in
resected and unresected population (11 vs 14 %, chi-squared=
1.0, 27 vs 41 months, log-rank=0.7). There was a correlation
between the size of tumor and development of radionecrosis
(p<0.0001). Of the 12 tumors >22 cm3, one third developed
radionecrosis.

Discussion
This study demonstrates that SBRT brain may be an alternative to whole brain radiotherapy for patients who wish to
avoid the quality of life deficits associated with WBRT. Local
control rates using SBRT brain are similar to those seen
historically with WBRT, but reduced compared to SRS [2, 3,
11, 12]. Given that our patient population underwent SBRT
brain due primarily to large lesion size (>3 cm in largest
diameter), but in some cases due to highly irregular shape,
highly eloquent location such as the internal capsule, or for reirradiation, and included a large proportion of patients with
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Fig. 3 Non-local in-brain recurrence-free survival. a In all patients, median time to non-local in-brain recurrence was 9 months. b No difference
was observed in non-local in-brain recurrence for patients with systemic
metastatic disease compared to those with in-brain metastasis only or

primary plus in brain metastasis only. c Trend towards worse non-local
in-brain recurrence with multiple versus single brain metastases (p=0.3). d
A non-significant relationship was observed between in-brain recurrence
with the increasing number of metastases

and the median tumor volume was smaller (<13 cm3). The
intermediate dose range did fare worse than the high-dose
range, though this was not statistically significant. The intermediate dose range tumors were larger, with an average volume of
19.8 vs 14.1 cm3 (p=0.1). A recent study found that adjusting
the dose-fractionation based on achieving a BED10 80 Gy
provided similar control outcomes to our cohort, with a 2 %
incidence of symptomatic radionecrosis requiring hypobaric
oxygen [15]. We did not treat to as high a dose in our cohort;
however, our treatment was well tolerated with low rates of
radiologically evident radionecrosis, and a single case of symptomatic necrosis requiring a short course of bevacuzimab. Our
safety profile was similar to that seen at other institutions that
employ more prolonged treatment courses, such as 4 Gy × ten
fractions [11]. In addition, approximately two thirds of our
patients received consecutive daily treatments while one third
received treatment every other day. This was based on physician discretion, but our analysis did not identify the differences
between these two cohorts in local control or toxicity. We did
observe a correlation between size of the treated tumor and
incidence of radionecrosis, with one third of patients with
treatment volumes >22 cm3 developing radionecrosis suggesting caution should be exercised in treating very large lesions
with SBRT brain. This re-emphasizes the difficulty of treated

larger brain metastases both safely and effectively. A recent
publication of SBRT brain for larger post-resection cavities
demonstrated better local control with a higher dose regimen
(9 Gy × 3), but also with a 5 % rate of grades 3–4 neurologic
toxicity [16] suggesting perhaps a higher dose is needed for
better local control though it may come with higher toxicity.
Our results, together with the discussed studies above, indicate
a discussion with the patient regarding the pros and cons of
dose escalation with regards to local control and toxicity may be
warranted for those patients with larger brain metastases.
Forty-two percent of patients failed outside the treatment
field within the brain and 13 of these 19 patients went on to
receive additional radiation. We were able to delay re-irradiation
with either WBRT or SRS by approximately 2.5 years, potentially prolonging an improved quality of life. Two thirds of the
patients with local recurrence also failed elsewhere in the brain.
Several studies have attempted to correlate in brain control and
survival with systemic disease control, performance status, age,
etc. and appear to vary by primary tumor type. The majority of
our patients had NSCLC, where survival has correlated with
number of brain metastases, performance status, and control of
the primary tumor [13]. Given that this was a retrospective study,
we were unable to control for these factors, but the majority of
patients had a multiple brain metastasis and a high burden of
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disease, while maintaining a favorable KPS. The local and inbrain control and overall survival rates are comparable to those
reported for a similarly burdened group undergoing WBRT
followed by salvage SRS [13].

Conclusion
Our single institution retrospective study demonstrated
hypofractionated stereotactic radiotherapy for brain metastases is a safe treatment option for patients who wish to avoid
WBRT, particularly for patients with tumors <22 cm3, controlled systemic disease, and solitary resected brain metastases. Local control compared favorably with historical rates of
control with whole brain radiation, but we were unable to
achieve levels consistent with SRS. Treatment of larger brain
metastases or resection cavities remains challenging. Combined, our data supports the safety of our dose and fractionation scheme, and provides rationale for discussing SBRT
brain with patients an alternative to WBRT based on patient
preferences regarding potential quality of life side effects of
each treatment, risk of recurrence, and probability of reirradiation in the future necessitating reliable follow-up.
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