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Background: The objective of this study was to report our institutional experience with
Gamma Knife® Radiosurgery (GKRS) in the treatment of patients with brain metastases.

Methods: Retrospectively collected demographic and clinical data on 126 patients
with intracranial metastases were reviewed. The patients in our study underwent GKRS
at Vidant Medical Center between 2009 and 2014. Kaplan—Meier curves were used
to compare survival based on clinical characteristics for univariate analysis, and a Cox
proportional hazards model was used for multivariate analysis.

Results: The median age of the patient population was 62 years. Medicare patients
constituted 51% of our patient cohort and Medicaid patients 15%. The most common
tumor histologies were non-small cell lung cancer (50%), breast cancer (12.7%), and
melanoma (11.9%). The median overall survival time for all patients was 5.8 months.
Patients with breast cancer had the longest median survival time of 9.15 months, while
patients with melanoma had the shortest median survival time of 2.86 months. On
univariate analysis, the following factors were predictors for improved overall survival,
ECOG score 0 or 1 vs. 2 or greater (17.0 vs. 1.8 months, p < 0.001), controlled extra-
cranial disease vs. progressive extracranial disease (17.4 vs. 4.6 months, p = 0.0001),
recursive partitioning analysis Stage | vs. II-lll (18.2 vs. 6.2 months, p < 0.007), multiple
GKRS treatments (p = 0.002), prior brain metastasectomy (p = 0.012), and prior che-
motherapy (p = 0.021). Age, ethnicity, gender, previous external beam radiation therapy;,
number of brain metastases, and hemorrhagic vs. non-hemorrhagic tumors were not
predictors of longer median survival time. Number of metastatic brain lesions of 1-3 vs.
>4 (p = 0.051) and insurance status of Medicare/Medicaid vs. commercial insurance
approached significance (13.7 vs. 6.8 months, p = 0.08). On multivariate analysis, ECOG
performance status 0-1 (p < 0.001), multiple GKRS treatments (p = 0.003), and control
of extracranial disease (p = 0.001) remained significant predictors of survival.

Conclusion: ECOG score, control of extracranial disease, and multiple GKRS treatments
are predictors of longer median survival following GKRS in our patient population. GKRS
is an effective treatment for brain metastases, but these factors may be considered in
patient selection for GKRS.
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INTRODUCTION

As advances are made in surgical oncology, chemotherapy, and
radiotherapy, median survival times for cancer patients continue
to improve. Consequently, there are increasing numbers of
patients presenting with brain metastases (1). Brain metastases
are the most common brain tumor in adults, developing in about
10-40% of adult cancer patients (2). Lung cancer, melanoma,
breast cancer, colorectal cancer, and renal cell cancer are the most
common sources of brain metastases (3). Stereotactic radiosur-
gery (SRS) including Gamma Knife® Radiosurgery (GKRS) is
one strategy for treating patients with limited metastatic disease
to the brain or in patients who have recurrent brain metastasis
after prior whole-brain radiotherapy (WBRT). The aims of treat-
ment are palliation of neurological symptoms, maintenance of
performance status (PS), and local control of metastatic disease.
The benefit of GKRS is reduction of radiation to the surrounding
normal brain parenchyma, which may thereby reduce neuro-
logical toxicities when compared to WBRT (4, 5) or which may
improve local control when used in conjunction with WBRT (6)
or surgery (7).

Despite advances in treatment, the prognosis for brain metas-
tases remains poor. Many factors including tumor histology,
control of extracranial disease, and PS impact a patient’s overall
survival (8). It has been reported that uninsured and underin-
sured cancer patients often have delayed diagnosis and inferior
outcomes (9-11). Our institutional series is unique in that a
larger percentage of our patient population is African-American,
on Medicaid or on Medicare compared to previous publications
reporting health disparities in patients treated for brain metasta-
ses (10, 11). The purpose of this study is to examine the impact
of demographic and clinical characteristics on overall survival in
patients receiving SRS and to compare our outcomes with peer
institutions.

MATERIALS AND METHODS

Patient Population

Thisstudyreviews theexperience ofusing GKRSin the treatmentof
brain metastases at the Brody School of Medicine at East Carolina
University/Vidant Medical Center. We received University and
Medical Center Institutional Review Board (UMCIRB) approval
to conduct a retrospective review on the patients treated for
metastatic brain lesions using the Gamma Knife (GK) by East
Carolina University physicians at Vidant Medical Center between
the years 2009 and 2014. A waiver of informed consent was
granted by the UMCIRB, which functions to protect the rights
and welfare of human subjects in research at our institution. All
patients with a treatment diagnosis of metastatic disease to the
brain were included in this review. Histologic confirmation of the
cancer diagnosis was a requirement for inclusion.

Stereotactic Radiosurgery

The Leksell Gamma Knife Perfexion (Elekta AB, Stockholm,
Sweden) was used for the SRS. Patients were treated on both
an outpatient and inpatient basis. All patients were treated with
frame-based immobilization and MRI-based treatment planning,

with plans developed under the supervision of a radiation oncolo-
gist, a medical physicist, and a neurosurgeon. The radiation dose
was contingent on tumor diameter/volume, proximity to critical
structures, history of prior surgery, and history of prior radia-
tion treatment. Single-fraction SRS was used in all cases in this
review. Radiation doses ranged from 10 to 24 Gy with a median
dose of 20 Gy. The first follow-up was planned for 4-6 weeks
after GKRS, and subsequent follow-up was generally planned at
3-month intervals. GKRS for patients with prior metastasectomy
was delivered to the surgical cavity with margin. Patients with
any form of insurance (Medicare, Medicaid, or private insurance)
were accepted for treatment in our program, some patients with
no insurance were also treated, although at our institution many
of these patients received SRS using a separate robotic-based
system due to the availability of a more flexible payment with
that modality.

Data Collection/Statistical Analysis

The clinical characteristics collected in the study included ECOG
PS, control of extracranial disease, recursive partitioning analysis
(RPA) class (12), number of GKRS treatments, prior metasta-
sectomy, prior external beam radiotherapy to the brain, prior
chemotherapy, concurrent chemotherapy, hemorrhagic metas-
tasis, number of brain metastases, histology, insurance status,
gender, age, and ethnicity. Overall survival time was calculated
from the time of treatment with first radiosurgery until the date
of death from any cause. For surviving patients, the survival time
was censored at the date of last follow-up. Survival was estimated
by use of the Kaplan-Meier method. Local control and brain
control were calculated from the time of initial GKRS within the
study period until clear radiographic failure at the treated site
and elsewhere outside the SRS field in the brain, respectively.
Descriptive statistics were used to describe demographic and
clinical characteristics. Univariate analysis was performed using
the log-rank test to compare overall survival between patient
groups within a factor. A Cox-proportional hazards model was
used for multivariate analysis on all clinical factors that were
significant or approached significance (p < 0.1) in the univariate
analysis. All statistical analyses were performed using MedCalc®
version 12.6.0.0.

RESULTS

One hundred and twenty-six patients were identified and
included in this review. Demographic and clinical characteristics
of the patients are presented in Table 1. The median patient age at
treatment was 62 years (range 28-86 years). Non-small cell lung
carcinoma (NSCLC) was the most common histologic diagnosis,
followed by breast cancer and melanoma.

The median overall survival time for the entire cohort was
5.8 months (range 0.1-64.1 months) from initial treatment with
GKRS. The results of the univariate analysis of overall survival
based on clinical characteristics are described in Table 2.
Patients with breast cancer had the longest median survival
of 9.15 months, while patients with melanoma had the short-
est median survival of 2.86 months. On univariate analysis,
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TABLE 1 | Patient population demographics and clinical characteristics.

Clinical characteristic Patient n and percentage (total n = 126)

Median age (range)
Median survival (range)

Male 61 (48.4)
Female 65 (51.6)
Caucasian 80 (63.5)
African-American 43 (34.1)
Other 3(2.4)

Medicare 64 (50.8)
Commercial insurance 41 (32.5)
Medicaid 19 (15.1)
Uninsured 2(1.6)

Single metastasis 48 (38.1)
Multiple metastases 78 (61.9)
Controlled extracranial disease 68 (54.0)
Uncontrolled extracranial disease 58 (46.0)
NSCLC 63 (50.0)
Breast 16 (12.7)
Melanoma 15(11.9)
Other 32 (24.4)
ECOG 0 36 (28.6)
ECOG 1 53 (42.1)
ECOG 2 37 (29.3)
RPA Stage | 40 (31.7)
RPA Stage Il 53 (42.1)
RPA Stage Il 33 (26.2)
GPA Score 0.0-1.0 13 (10.3)
GPA Score 1.5-2.0 50 (39.7)
GPA Score 2.5-3.0 47 (37.3)
GPA Score 3.5-4.0 16 (12.7)
1 brain lesion 45 (35.7)
2 or 3 lesions 56 (44.4)
4 or more lesions 25 (19.9)
Multiple GKRS sessions 13 (10.9)
One GKRS session 113 (89.7)
Prior brain surgery 18 (14.3)
No prior brain surgery 108 (85.7)

(
(

Data are frequency (%) unless otherwise stated.
NSCLC, non-small cell lung carcinoma, RPA, recursive partitioning analysis; GKRS,
Gamma Knife® Radiosurgery.

TABLE 2 | Univariate analysis of median overall survival time following
GKRS by clinical characteristics.

Clinical characteristics Median survival p-Value

(months)
ECOG O or 1 vs. >2 17.0vs. 1.8 0.0001
Controlled vs. uncontrolled extracranial disease 17.4 vs. 4.6 0.0001
RPA Stage | vs. RPA >II 18.2vs. 6.2 0.0007
Multiple GKRS sessions vs. one GKRS session 31.0vs. 7.0 0.002
Prior metastasectomy vs. no prior metastasectomy Median not 0.012
reached vs. 7.1
Prior chemotherapy vs. no prior chemotherapy 16.3vs. 5.2 0.021
Less than 4 metastases vs. >4 metastases 15.2vs. 6.6 0.051
Breast cancer vs. all other histologies 20.4 vs. 8.9 0.08
Commercial insurance or Medicare vs. Medicaid 13.7 vs. 6.8 0.08
or uninsured
Female vs. male 16.4vs. 7.0 0.10
Caucasian vs. non-Caucasian 13.7 vs. 10.1 0.89

GKRS, Gamma Knife® Radiosurgery.

TABLE 3 | Cox proportional hazards model of overall survival by the
covariants identified as significant or near-significant on univariate
analysis.

Covariant p-Value
ECOG Oor1vs. >2 0.0001
Controlled vs. uncontrolled extracranial disease 0.001
Multiple GKRS sessions vs. one GKRS session 0.003
Prior metastasectomy vs. no prior metastasectomy 0.09
Breast vs. all other histologies 0.11
Less than 4 metastases vs. >4 metastases 0.38
RPA Stage | vs. RPA >l 0.41
Commercial insurance or Medicare vs. Medicaid or 0.49
uninsured

Prior chemotherapy vs. no prior chemotherapy 0.88

GKRS, Gamma Knife® Radiosurgery; RPA, recursive partitioning analysis.

predictors for improved overall survival included ECOG PS 0-1
vs. >2 (17.0 vs. 1.8 months, p < 0.001), controlled vs. uncontrolled
extracranial disease (17.4 vs. 4.6 months, p < 0.001), RPA Stage I
vs. ITI-1IT (18.2 vs. 6.2 months, p < 0.007), multiple GKRS treat-
ments vs. one GKRS treatment (31.0 vs. 7.0 months, p = 0.002),
prior brain metastasectomy vs. none (median not reached vs.
7.1 months, p =0.012), and prior chemotherapy vs. none (15.3 vs.
5.2 months, p = 0.021). The number of metastatic lesions of 1-3
vs. >4 approached significance (15.2 vs. 6.6 months, p = 0.051),
as did tumor histology of breast cancer vs. all other histologies
(p = 0.08). Insurance status of Medicare/Medicaid vs. com-
mercial insurance approached significance (13.7 vs. 6.8 months,
p = 0.08). Previous external beam radiation therapy, concurrent
chemotherapy, hemorrhagic metastases, gender, and age were not
significant predictors of overall survival. Ethnicity (Caucasian
vs. non-Caucasian, p = 0.89) was not a statistically significant
predictor of improved survival time. Only 74 patients (59%) had
postradiosurgery MRIs available for review, of these patients,
the median local control is 20.9 months, and the median time of
control of the brain outside the SRS field is 13.2 months.

A Cox-proportional hazards model was used for multivariate
analysis. The model included ECOG PS, control of extracranial
disease, RPA class, prior GKRS, prior brain metastasectomy,
prior chemotherapy, number of metastatic lesions, tumor histol-
ogy, and insurance status. On multivariate analysis, ECOG PS
0-1 prior GKRS and control of extracranial disease remained
significant predictors of survival, while RPA stage, prior brain
metastasectomy, the use of prior chemotherapy, and number
of metastatic lesions did not remain significant. Breast cancer
vs. other histologies did not remain significant on multivariate
analysis (Table 3).

DISCUSSION

We present one of the larger single-institution cohorts of patients
treated for brain metastases with GKRS. Our data support
previously published reports that GKRS is an effective treatment
modality for patients with limited metastatic disease to the brain
(8, 13-18). In our study, better ECOG performance statues,
control of extracranial disease, and multiple SRS treatments are
predictors of improved median overall survival. Ethnicity and
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insurance status are not predictors of worse outcome following
SRS in our patient population.

In our series, patients with an ECOG PS of >2 had a median
survival time of 1.8 months (Figure 1). The median survival in
patients with ECOG performance status of >2 is comparable to
the overall survival reported in other studies for patients with
untreated metastatic disease (19, 20). While radiosurgery may be
used for symptom palliation, the short overall survival in patients
with ECOG >2 brings to question the additional utility of GKRS
in such patients over more conservative management. Our series
also matches previous reports that demonstrate improved overall
median survival with better control of extracranial disease (21)
(Figure 2). This series re-enforces the conclusions that these fac-
tors remain strong predictors of survival across different patient
populations, including our cohort with many non-Caucasian
patients and patients without private insurance.

Patients who were able to receive multiple GKRS sessions had
a significantly longer median survival than those treated with a
single session (Figure 3). There is a strong selection bias in this
result, as patients who are able to receive additional GKRS are not

Overall Survival
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FIGURE 1 | Overall survival based on ECOG performance status.
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FIGURE 2 | Overall survival based on extracranial disease.

only surviving long enough to have additional follow-up scans but
also presenting with a limited number of recurrent CNS lesions
to fit our selection criteria for repeat GKRS vs. WBRT or symp-
tomatic care alone. It is difficult to draw strong conclusions from
this result at this time, but it does at least appear to support the
approach of using repeat GKRS in appropriately selected patients
who have regional recurrence of metastatic disease within the
brain. Similarly, patients with prior metastasectomy saw a sur-
vival benefit on univariate analysis (although not on multivariate
analysis) compared to patients with no prior metastasectomy
(Figure 4). This may also reflect patient selection as patients who
were candidates for metastasectomy generally presented with a
single CNS lesion and were clinically regarded as both functioning
well enough to be able to better tolerate surgery and also having a
long enough expected overall survival to be more likely to benefit
from more aggressive local therapy. However, these findings do
seem to support the studies showing better outcomes in patients
treated with GKRS to the surgical bed (7).

On univariate analysis, RPA Stage I vs. II-1II was a significant
predictor for improved median survival, but on multivariate

Overall Survival
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FIGURE 3 | Overall survival based on number of Gamma Knife®
Radiosurgery (GKRS) sessions.
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FIGURE 4 | Overall survival based on prior metastasectomy.
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analysis, this was no longer significant. This could be related
to the fact that the RPA is correlated with ECOG PS and
control of extracranial disease by definition, and this could have
confounded the multivariate analysis. Prior chemotherapy vs.
no prior chemotherapy was another factor that did significantly
predict survival on multivariate analysis, this could be due to the
heterogeneity of the clinical scenarios pertaining to whether the
patient had received prior systemic therapy. The heterogeneity
of patients may also affect our analysis of outcome by histology,
although we did find that the survival of breast cancer patients vs.
all other histologies approached significance, which agrees with
other publications showing differences in outcome depending on
histology (22, 23). The number of metastatic lesions of 1-3 vs. >4
approached significance. There is currently debate in the literature
regarding the importance of the number of brain metastases vs.
the total tumor volume in predicating overall survival (8, 24, 25).
The volume of tumor was not part of this current analysis due to
variation in how tumor/GTV volume was documented, but it can
be examined more closely in future patients.

Ethnicity and gender were also not predictors of worse
survival following SRS in our analysis. Previous studies have
reported inferior outcomes in cancer patients who are uninsured
or underinsured (6). On univariate analysis, patients who were
uninsured or with Medicare/Medicaid vs. commercial insur-
ance approached significance (13.7 vs. 6.8 months, p = 0.080);
however on multivariate analysis, insurance status was no
longer a significant predictor of overall survival (p < 0.49).
This lack of significance could be due in part to the number of
patients included in our analysis compared to the numbers of
patients in publications using registry data that showed a worse
mortality in underinsured patients (10, 11), but it may also
suggest that the primary drivers of potential health disparity
in our patient population may be related to their presentation
in a more advanced disease state (potentially with more active
extracranial disease, lower PS, etc.), rather than an inability to
receive adequate care following GKRS. One weakness to our
study in regard to our analysis of insurance status is the fact
that only two uninsured patients were included, as explained
in the Section “Materials and Methods” this was mostly due
to a more favorable payment schedule available with robotic
SRS that is also available at our institution and a preference for
most uninsured patients to choose that modality over GKRS.
A separate analysis that includes the outcomes of patients treated
for brain metastases with robotic SRS, especially uninsured
patients, would be interesting but was unfortunately beyond the
scope of this particular study. An analysis of local control, brain
control, or preservation of neurologic function following GKRS
would also have been informative, but unfortunately since our
institution treats many patients at considerable geographic
distance from our center who preferred to continue follow-up
and additional care with their local oncologists, we did not
feel as though the quality of the data for those outcomes was
thorough enough for inclusion in our analysis. We included the
local control (Figure 5) and out of field brain control (Figure 6)
curves of the 74 patients with post-GKRS MRIs available for
review, our rates of control are roughly equivalent to those seen
in other series (23, 25).
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FIGURE 5 | Local control.
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FIGURE 6 | Out-of-Gamma Knife® Radiosurgery (GKRS) field brain
control.

CONCLUSION

Gamma Knife SRS is an effective palliative treatment for brain
metastases in our institutional cohort. ECOG PS 0-1, control of
extracranial disease, and multiple SRS treatments are predictors
of longer median overall survival following GKRS. Prior brain
metastasectomy approached significance in our study. These
factors may influence patient selection for SRS. Ethnicity and
insurance status are not predictors of worse outcomes follow-
ing SRS at our institution. Our median survival matches trends
seen nationally for patients with advanced disease. Prospective
studies to verify that ethnicity and insurance status do not
appear to influence the outcomes of patients following GKRS
are needed.

ETHICS STATEMENT

This study was carried out in accordance with the recommen-
dations of the guidelines for retrospective reviews of the East
Carolina University Institutional Review Board on 12/14/2015,
under study number UMCIRB 15-001726. The protocol was
approved by the East Carolina University Institutional Review
Board.

Frontiers in Oncology | www.frontiersin.org

May 2017 | Volume 7 | Article 90


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive

Harris et al.

SRS Brain Metastases

AUTHOR CONTRIBUTIONS

KH: principle author, primary data collection. MC: database
manager, submitted IRB, aided in data collection, edited manu-
script. HM: aided in patient identification and data collection,
edited manuscript. KL: physician who treated patients in this
trial, edited manuscript. HA: physician who treated patients in
this trial, edited manuscript. CL: physician who treated patients in

REFERENCES

1. Lin NU, Bellon JR, Winer EP. CNS metastases in breast cancer. J Clin Oncol
(2004) 22:3608-17. d0i:10.1200/JC0O.2004.01.175
2. Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases. Curr Oncol Rep
(2012) 14:48-54. doi:10.1007/s11912-011-0203-y
3. Nussbaum ES, Djalilian HR, Cho KH, Hall WA. Brain metastases. Histology,
multiplicity, surgery and survival. Cancer (1996) 78:1781-8. doi:10.1002/
(SICI)1097-0142(19961015)78:8<1781::AID-CNCR19>3.0.CO;2-U
4. Bhatnagar AK, Flickinger JC, Kondziolka D, Lunsford LD. Stereotactic radio-
surgery for four or more intracranial metastases. Int J Radiat Oncol Biol Phys
(2006) 64:898-903. doi:10.1016/j.ijrobp.2005.08.035
5. Pirzkall A, Debus J, Lohr F, Fuss M, Rhein B, Engenhart-Cabillic R, et al.
Radiosurgery alone or in combination with whole brain radiotherapy for brain
metastases. ] Clin Oncol (1998) 16:3563-9. d0i:10.1200/JC0.1998.16.11.3563
6. Andrews DW, Scott CB, Sperduto PW, Flanders AE, Gaspar LE, Schell MC,
et al. Whole brain radiation therapy with or without stereotactic radiosurgery
boost for patients with one to three brain metastases: phase III results of
the RTOG 9508 randomized trial. Lancet (2004) 363:1665-72. doi:10.1016/
S0140-6736(04)16250-8
7. Rao G, Ahmed S, Hess K, Mahajan A. Postoperative stereotactic radiosurgery
vs. observation for completely resected brain metastases: results of a prospec-
tive randomized study. Neurosurgery (2016) 63(Suppl 1):184. doi:10.1227/01.
neu.0000489784.83922.17
8. Frazier JL, Batra S, Kapor S, Vellimana A, Gandhi R, Carson KA, et al.
Stereotactic radiosurgery in the management of brain metastases: an insti-
tutional retrospective analysis of survival. Int ] Radiat Oncol Biol Phys (2010)
76:1486-92. doi:10.1016/j.ijrobp.2009.03.028
9. Parikh AA, Robinson J, Zaydfudim VM, Penson D, Whiteside MA. The
effect of health insurance status on the treatment and outcomes of patients
with colorectal cancer. JSurg Oncol (2014) 110:227-32. doi:10.1002/
j50.23627
10. Curry WT, Carter BS, Barker FG. Racial, ethnic and socioeconomic dispar-
ities in patient outcomes after craniotomy for tumor in adult patients in the
United States, 1988-2004. Neurosurgery (2010) 66:427-38. doi:10.1227/01.
NEU.0000365265.10141.8E
11. Nuno M, Mukherjee D, Elramsisy A, Nosova K, Lad S, Boakye M, et al.
Racial and gender disparities and the role of primary tumor type on inpatient
outcomes following craniotomy for brain metastases. Ann Surg Oncol (2012)
19:2657-63. doi:10.1245/s10434-012-2353-2
12. Gaspar L, Scott C, Rottman M, Asbell S, Phillips T, Wasserman T, et al.
Recursive partitioning analysis (RPA) of prognostic factors in three Radiation
Therapy Oncology Group (RTOG) brain metastases trials. Int ] Radiat Oncol
Biol Phys (1997) 37:745-51. d0i:10.1016/S0360-3016(96)00619-0
13. DiLuna ML, King JT Jr, Kinsely JP, Chiang VL. Prognostic factors for survival
after stereotactic radiosurgery vary with the number of cerebral metastases.
Cancer (2007) 109:135-45. doi:10.1002/cncr.22367
14. Gerosa M, Nicolato A, Foroni R, Zanotti B, Tomazzoli L, Miscusi
M, et al. Gamma Khnife radiosurgery for brain metastases: a primary

this trial, edited manuscript. AJ: corresponding author, principle
investigator, recipient of grant funding the project.

FUNDING

This study was funded by the Vidant Medical Center/East Carolina
University Research and Education Fund, with AJ receiving the
grant.

therapeutic option. ] Neurosurg (2002) 97:515-24. doi:10.3171/jns.2002.97.
supplement

15. YuC, Chen]JC, Apuzzo ML, O’Day S, Giannotta SL, Weber JS, et al. Stereotactic
radiosurgery in the treatment of metastatic disease to the brain. Neurosurgery
(2000) 47:268-81. doi:10.1097/00006123-200008000-00003

16. Sneed PK, Lamborn KR, Forstner JM, McDermott MW, Chang S, Park E, et al.
Radiosurgery for brain metastases: is whole brain radiotherapy necessary?
Int ] Radiat Oncol Biol Phys (1999) 43:549-58. doi:10.1016/S0360-3016(98)
00447-7

17. Lorenzoni ]G, Devriendt D, Massager N, Desmedt E, Simon S, Van Houtte P, et al.
Brainstem metastases treated with radiosurgery: prognostic factors of survival
and life expectancy estimation. Surg Neurol (2009) 71:188-96. doi:10.1016/j.
surneu.2008.01.029

18. Kased N, Huang K, Nakamura JL, Sahgal A, Larson DA, McDermott MW,
et al. Gamma Knife radiosurgery for brain metastases: the UCSF experience.
J Neurooncol (2008) 86:195-205. doi:10.1007/s11060-007-9458-4

19. DeAngelis LM. Management of brain metastases. Cancer Invest (1994)
12:156-65. doi:10.3109/07357909409024871

20. Wen PY, Loeffler JS. Management of brain metastases. Oncology (1999)
13:941-54, 957-62.

21. Noordijk EM, Vecht CJ, Haaxma-Reiche H, Padberg GW, Voormolen JH,
Hoekstra FH, et al. The choice of treatment of single brain metastasis should
be based on extracranial tumor activity and age. Int ] Radiat Oncol Biol Phys
(1994) 29:711-7. doi:10.1016/0360-3016(94)90558-4

22. Seung SK, Sneed PK, McDermott MW, Shu HK, Leong SP, Chang S, et al.
Gamma Knife radiosurgery for malignant melanoma brain metastases. Cancer
J Sci Am (1998) 4:103-9.

23. Kim DG, Chung HT, Gwak HS, Paek SH, Jung HW, Han DH. Gamma Knife
radiosurgery for brain metastases: prognostic factors for survival and local
control. ] Neurosurg (2000) 93:23-9. doi:10.3171/jns.2000.93.supplement

24. Rades D, Bohlen G, Pluemer A, Veninga T, Hanssens P, Dunst J, et al.
Stereotactic radiosurgery alone versus resection plus WBRT for 1 or 2 brain
metastases in recursive partitioning analysis class 1 and 2 patients. Cancer
(2007) 109:2515-21. doi:10.1002/cncr.22729

25. Nam TK, Lee JI, Jung Y], Im YS, An HY, Nam DH, et al. Gamma Knife surgery
for brain metastases in patients harboring four or more lesions: survival and
prognostic factors. ] Neurosurg (2005) 102(Suppl):147-50. doi:10.3171/
jns.2005.102.s_supplement.0147

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2017 Harris, Corbett, Mascarenhas, Lee, Arastu, Leinweber and Ju.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

May 2017 | Volume 7 | Article 90


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1200/JCO.2004.01.175
https://doi.org/10.1007/s11912-011-0203-y
https://doi.org/10.1002/(SICI)1097-0142(19961015)78:8﻿<﻿1781::AID-CNCR19﻿>﻿3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0142(19961015)78:8﻿<﻿1781::AID-CNCR19﻿>﻿3.0.CO;2-U
https://doi.org/10.1016/j.ijrobp.2005.08.035
https://doi.org/10.1200/JCO.1998.16.11.3563
https://doi.org/10.1016/S0140-6736(04)16250-8
https://doi.org/10.1016/S0140-6736(04)16250-8
https://doi.org/10.1227/01.neu.0000489784.83922.17
https://doi.org/10.1227/01.neu.0000489784.83922.17
https://doi.org/10.1016/j.ijrobp.2009.03.028
https://doi.org/10.1002/jso.23627
https://doi.org/10.1002/jso.23627
https://doi.org/10.1227/01.NEU.0000365265.10141.8E
https://doi.org/10.1227/01.NEU.0000365265.10141.8E
https://doi.org/10.1245/s10434-012-2353-z
https://doi.org/10.1016/S0360-3016(96)00619-0
https://doi.org/10.1002/cncr.22367
https://doi.org/10.3171/jns.2002.97.supplement
https://doi.org/10.3171/jns.2002.97.supplement
https://doi.org/10.1097/00006123-200008000-00003
https://doi.org/10.1016/S0360-3016(98)00447-7
https://doi.org/10.1016/S0360-3016(98)00447-7
https://doi.org/10.1016/j.surneu.2008.01.029
https://doi.org/10.1016/j.surneu.2008.01.029
https://doi.org/10.1007/s11060-007-9458-4
https://doi.org/10.3109/07357909409024871
https://doi.org/10.1016/0360-3016(94)90558-4
https://doi.org/10.3171/jns.2000.93.supplement
https://doi.org/10.1002/cncr.22729
https://doi.org/10.3171/jns.2005.102.s_supplement.0147
https://doi.org/10.3171/jns.2005.102.s_supplement.0147
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	A Single-Institution Analysis of 126 Patients Treated with Stereotactic Radiosurgery for Brain Metastases
	Introduction
	Materials and Methods
	Patient Population
	Stereotactic Radiosurgery
	Data Collection/Statistical Analysis

	Results
	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	References


