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Abstract: Patients with brain metastasis from renal cell carcinoma (RCC) or melanoma have
historically had very poor prognoses of less than one year. Stereotactic radiosurgery (SRS) can be
an effective treatment for patients with these tumors. This study analyzes the effect of pretreatment
prognostic factors on overall survival (OS) for RCC and melanoma patients with metastasis to the
brain treated with SRS. A total of 122 patients with brain metastases from either RCC or melanoma
were grouped by age at brain metastasis diagnosis, whether they received whole brain radiation
therapy (WBRT) in addition to SRS, or they underwent surgical resection, Karnofsky Performance
Score (KPS), number of brain metastases, and primary tumor. Median survival times for melanoma
patients and RCC patients were 8.20 ˘ 3.06 and 12.70 ˘ 2.63 months, respectively. Patients with
>5 metastases had a significantly shorter median survival time (6.60 ˘ 2.45 months) than the
reference group (1 metastasis, 10.70 ˘ 13.40 months, p = 0.024). Patients with KPS ď 60 experienced
significantly shorter survival than the reference group (KPS = 90–100), with median survival times of
5.80 ˘ 2.46 months (p < 0.001) and 45.20 ˘ 43.52 months, respectively. We found a median overall
survival time of 12.7 and 8.2 months for RCC and melanoma, respectively. Our study determined
that a higher number of brain metastases (>5) and lower KPS were statistically significant predictors
of a lower OS prognosis.

Keywords: melanoma; renal cell carcinoma; brain metastasis; stereotactic radiosurgery;
prognostic factors

1. Introduction

Secondary metastasis to the brain continues to be a common cause of death in cancer patients.
An estimated 20%–40% of newly diagnosed cancer patients develop brain metastases annually [1–4].
Brain metastases are malignant tumors which originate from primary cancer elsewhere in the body
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and can cause severe neurologic compromise, eventually leading to death [5]. Increasingly aggressive
therapies targeting systemic disease and advances in diagnostic imaging have led to more frequent
and early diagnoses of metastatic tumors [1–4].

Melanoma and renal cell carcinomas commonly metastasize to the central nervous system,
with melanoma as the third most common source of brain metastasis [6]. Each year in the U.S.,
roughly 170,000 new cases of intracranial metastasis are diagnosed, an estimated 1200–5100 of
which are in renal cell carcinoma patients and 17,000 in patients with melanoma [1–4,7]. Standard
treatments for these lesions includes corticosteroids, surgery, whole brain radiotherapy (WBRT), and
stereotactic radiosurgery (SRS) [8]. Intracranial metastases from renal cell carcinoma and melanoma
seem to respond poorly to WBRT, possibly due to these cell types being more radio-resistant tumor
histologies [9,10]. In comparison, SRS has proven to be an effective addition to standard treatments,
and even treatment with SRS alone has shown to result in comparable local control and survival
outcomes when compared with WBRT or combination regimens [11–13].

Still, most patients with these lesions have a poor prognosis. The average survival time for
melanoma patients with untreated brain metastasis is less than one month and two to eight months if
treated. Renal cell carcinoma patients are expected to survive three months untreated and two to nine
months if treated with WBRT [6,14–19]. The optimal treatments for these patients remains the subject
of much ongoing research [20]. Maximizing overall survival (OS), neurologic capacity, and general
comfort is of great interest to clinicians.

Properly selecting patients for appropriate treatment modalities requires an analysis of various
prognostic clinical factors. Numerous studies have identified correlations between pre-treatment
factors and survival times, but few have attempted to relate survival times to pre-treatment factors
specifically in renal cell carcinoma (RCC) or melanoma patients undergoing SRS [21–23]. Given the
documented benefit of SRS in treatment of these metastases, it is necessary to examine prognostic
factors in patients undergoing SRS to understand how to most effectively treat future patients.

We offer an analysis of 122 patients with intracranial RCC or melanoma treated with Gamma
Knife radiosurgery (GKRS) alone or GKRS + WBRT at Gamma Knife of Spokane. The purpose of this
study is to understand the impacts of several pre-treatment clinical factors on prognosis in patients
undergoing these treatments.

2. Results

Demographic data of the 122 examined patients are shown in Table 1.

Table 1. Patient population baseline characteristics.

Treatment Group
Primary Tumor

RCC Melanoma Total

(n = 28) (n = 94) (n = 122)

Age at Diagnosis

<65 18 71 89
ě65 9 22 31

Unknown 1 1 2

KPS
90–100 4 8 12
70–80 3 14 17
ď60 1 6 7

Unknown 20 66 86
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Table 1. Cont.

Treatment Group
Primary Tumor

RCC Melanoma Total

(n = 28) (n = 94) (n = 122)

# Brain Mets

1 9 38 47
2–5 13 33 46

KPS > 5 5 22 27
Unknown 1 1 2

Received WBRT

No 23 77 100
Yes 5 17 22

Underwent Resection

No 23 68 91
Yes 5 25 30

Unknown 0 1 1

#—Number of brain mets; KPS—Karnofsky Performance Score.

Kaplan-Meier survival curves for the several treatment groups can be found in Figures 1–3.
Figure 1 shows that a statistical difference did not exist for patients greater than age 65 compared
with patients < age 65 (p = 0.784). Figure 2 displays survival curves based on KPS, with a significantly
shorter survival time for KPS ď 60 (p ď 0.001). Figure 3 displays survival curves based on number
of brain metastases, with >5 metastases being a significant negative prognostic factor (p = 0.024).
Univariate median survival confidence interval and hazard ratio confidence intervals are included
in Table 2. For each category a reference group was selected against which the other groups’ hazard
ratios were tested.Int. J. Mol. Sci. 2016, 17, 400 4 of 11 

 

 
Figure 1. Overall survival (OS) curves of patients with ages <65, 65+, or unknown at time of brain 
metastasis diagnosis. 

 
Figure 2. Overall survival curves of patients with Karnofsky Performance Score (KPS) of 90–100, 70–
80, ≤60, or unknown at time of initial Gamma Knife radiosurgery (GKRS) treatment. 
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Figure 1. Overall survival (OS) curves of patients with ages <65, 65+, or unknown at time of brain
metastasis diagnosis.
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Figure 2. Overall survival curves of patients with Karnofsky Performance Score (KPS) of 90–100, 70–80,
ď60, or unknown at time of initial Gamma Knife radiosurgery (GKRS) treatment.Int. J. Mol. Sci. 2016, 17, 400 5 of 11 

 

 
Figure 3. Overall survival curves of patients with 1, 2–5, >5, or unknown number of brain metastases 
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Figure 3. Overall survival curves of patients with 1, 2–5, >5, or unknown number of brain metastases
on first diagnosis.
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Table 2. Univariate median survival estimates (months) and hazard ratios.

Treatment
Group

Median Survival Hazard Ratio

n 95% CI Estimate 95% CI p Value **

Age at Diagnosis

<65 * 89 10.30 ˘ 3.49 reference
ě65 31 8.60 ˘ 6.27 1.09 0.61–1.88 0.784

Unknown 2 1.30 ˘ unknown 7.99 0.18–63.46 0.133

KPS

90–100 * 12 45.20 ˘ 43.52 reference
70–80 17 12.80 ˘ 7.64 3.28 0.69–31.14 0.139
ď60 7 5.80 ˘ 2.46 7.90 1.18–52.97 <0.001

Unknown 86 7.80 ˘ 3.24 2.87 1.05–10.95 0.035

# Brain Mets

1 * 47 10.70 ˘ 13.40 reference
2–5 46 11.50 ˘ 3.36 0.95 0.55–1.67 0.895
>5 27 6.60 ˘ 2.45 2.24 1.09–4.51 0.024

Unknown 2 3.10 ˘ unknown 2.42 0.27–10.09 0.219

WBRT Received

No * 100 10.70 ˘ 3.34 reference
Yes 22 7.00 ˘ 1.89 3.10 0.80–2.57 0.161

Resection Undergone

No * 91 8.60 ˘ 3.16 reference
Yes 30 11.40 ˘ 18.13 0.74 0.42–1.25 0.275

Unknown 1

Primary Tumor

RCC * 28 12.70 ˘ 2.63 reference
Melanoma 94 8.20 ˘ 3.06 1.21 0.70–2.19 0.519

* Reference group against which other groups’ survival experience are compared; ** p value for log-rank testing
the null hypothesis that the groups’ survival experience is same as reference group.

The multivariate analysis hazard ratio estimates and confidence intervals are included in Table 3.
The multivariate analysis utilized the same reference groups as the univariate analyses against
which the other groups’ hazard ratios were tested. The multivariate analysis indicated patients
with KPS = 70–80 and KPSď 60 had survival experience that was significantly worse than the reference
group (KPS = 90–100, p ď 0.001). In addition, patients with a number brain metastases >5 were found
to have significantly decreased survival compared to the reference group (number brain metastases = 1,
pď 0.001). Receiving prior WBRT was not associated with a significantly longer survival time (p = 0.161).
Absolute survival rates at 0.5, 1, 2, and 5 years are found in Table 4, displaying the poor 5 year survival
rate in this cohort (8.1% at 5 years).

Table 3. Multivariate hazard ratios, confidence intervals, and p values.

Treatment Group n
Hazard Ratio

Estimate 95% CI p Value **

Age at Diagnosis

<65 * 89 reference
ě65 31 1.03 0.60–1.77 0.906

Unknown 2 57.16 5.41–603.98 <0.001
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Table 3. Cont.

Treatment Group n
Hazard Ratio

Estimate 95% CI p Value **

KPS

90–100 * 12 reference
70–80 17 1.67 1.20–2.34 <0.001
ď60 7 5.56 5.17–5.97 <0.001

Unknown 86 2.43 0.85–6.90 0.100

# Brain Mets

1 * 47 reference
2–5 46 1.04 0.61–1.79 0.880
>5 27 2.30 2.09–2.53 <0.001

Unknown 2 2.98 1.16–7.68 0.020

WBRT Received

No * 100 reference
Yes 22 1.14 0.63–2.06 0.669

Resection Undergone

No * 91 reference
Yes 30 0.72 0.41–1.28 0.267

Unknown 1 - - -

Primary Tumor

Kidney * 28 reference
Melanoma 94 1.21 0.70-2.17 0.496

* Reference group against which other groups’ survival experience are compared; ** p value for test if groups’
survival experience is same as reference group.

Table 4. Absolute survival rates at 0.5, 1, 2, and 5 years.

Year Survival Rate 95% CI

0.5 65.7 55.9–73.9
1 40.0 30.0–49.7
2 26.0 16.7–36.3
5 8.1 2.4–18.1

3. Discussion

Given the bleak prognosis for patients with intracranial melanoma or renal cell carcinoma,
it is essential to identify prognostic factors to plan optimal treatments that can extend survival and
maximize comfort. While SRS cannot be considered a curative therapy, it is an effective palliative
treatment for brain metastases and can lead to improved survival in certain patients demonstrates
excellent local control of intracranial disease. The goal of our study was to establish a relationship
between pre-treatment clinical factors and overall survival in patients treated with SRS suffering from
these radioresistant lesions.

The past gold-standard treatment for non-resectable brain metastases has been WBRT, but given
the efficacy of SRS, it has been less used for the initial treatment of these radio-resistant lesions.
Treatment with whole brain radiation has shown to increase rate of neurocognitive decline—a
process often attributable to hippocampal damage and frequently impacting patients with longer
prognoses [24,25]. Several studies found that patients undergoing the combination of SRS and WBRT
experienced significantly higher rates of cognitive decline than patients only undergoing SRS [25,26].
The 2015 NCCTG N0574 study by Brown et al. [25] found that 91.7% of patients treated with both
modalities experienced significant neurocognitive decline, compared to 63.5% of patients treated with
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SRS alone. The same study also found that while adding WBRT improved local tumor control, there
was no difference in OS between patients treated with both modalities versus those treated only with
SRS. Similarly, our study found no significant difference in median survival times on univariate or
multivariate analysis between patients who had undergone previous WBRT and those who had not
(p = 0.161, 0.669). Although the efficacy of SRS in extending OS in patients with all tumor histologies
is still debated, its ability to provide local control and minimize neurological side effects is well
established [11,22,25,27–29].

Multiple studies have found that SRS offers excellent local control of intracranial RCC and
melanoma. Lwu et al. [28] determined local control rates of 75% and 91% at 12 months for melanoma
and RCC, respectively, in patients treated with SRS alone. A study by Muacevic et al. [11] found a
local control rate of 94% in intracranial RCC patients treated with SRS alone, and 78% of these patients
died of progressive systemic cancer rather than neurologic compromise. Sheehan et al. [22] found that
treating brain metastases from RCC with SRS in 69 patients provided a local control rate of 96%, while
a 2015 study by Frakes et al. [29] of 28 melanoma patients treated with SRS determined 6 and 12 month
local control rates of 91.3% and 82.2%, respectively.

Our results demonstrate an overall median survival rate of 12.7 and 8.2 months for RCC and
melanoma, respectively. The same median survival in melanoma patients treated with SRS was
determined by Mikoshiba et al. in 2013 [30]. Age at diagnosis was not a significant factor in overall
prognosis, although patients <65 years of age had a slightly extended overall median survival time
(p = 0.784). We also found that number of brain metastases prior to treatment and initial KPS are
significant pre-treatment prognostic factors. The significance of our KPS scores is notably impacted
by the small sample size of patients with documented scores at initial presentation. More thorough
assessment and documentation will increase the validity of these findings through a larger sample size
in future studies.

While the presence of multiple metastases has been negatively correlated to outcome before, the
optimal treatment modality of these patients remains controversial [23]. Fokas et al. [31] determined
addition of SRS to WBRT in RCC patients with 1–3 metastases resulted in superior intracerebral control,
especially in RPA class 1 patients. That study suggested reserving treatments of only WBRT to patients
with multiple metastases and very poor prognosis. Powell et al. [32] determined KPS to be a more
significant prognostic indicator than number of metastases, suggesting SRS is effective in treating
multiple, radioresistant brain metastases. Most recently, Frakes et al. [29] determined SRS to be useful
in treating >5 lesions from metastatic melanoma. A prospective randomized study that examines
the impact of adding WBRT in patients with multiple, radioresistant metastases is necessary to fully
understand this important therapeutic role, as trials to date have not specifically addressed these
histologic subgroups.

KPS has been found in multiple clinical studies to be a prognostic factor in overall
survival [11,23,32,33]. A 2014 study by Dyer et al. [23] found KPS to be significant predictor of
OS for patients with intracranial melanoma treated with SRS. Muacevic et al. [11] determined KPS > 70
was correlated to longer OS on univariate analysis in RCC patients treated with SRS. The Radiation
Therapy Oncology Group’s (RTOG) has accepted KPS as one of its factors to categorize patients in
different prognostic groups for a variety of cancers in its recursive partitioning analysis (RPA) [34].
To date, KPS is perhaps the most supported prognostic factor for patients with brain metastatic cancer,
and it should always be considered in the prognosis and treatment of patients with RCC or melanoma
undergoing SRS.

In our study, surgical resection was not associated with a longer survival time (p = 0.275).
Contrarily, a 2014 study by Bennani et al. [21] found a statistically significant extension in OS in
RCC patients with previous resection, although mostly in patients who presented with a single
metastasis (p = 0.04) or superficial metastases (p = 0.02). Resection can be a necessary treatment
modality, and is often accompanied with adjuvant radiation to the tumor bed in order to achieve
ideal margins. Surgery is often not clinically recommended due to sensitivity of affected areas or the
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presence of multiple lesions, but is warranted in specific cases, especially when peritumoral edema or
brain shift is present [35].

Previous studies have established additional prognostic factors. The study by Bennani et al. [21]
found that absence of intracranial hypertension (p = 0.01), absence of acute metastasis (p = 0.03),
and absence of extracranial metastasis (p = 0.049) were significant predictors of OS in patients with
metastatic RCC treated with a variety of modalities. Dyer et al. [23] determined that extensive
extracranial metastases (p = 0.001) were associated with OS on a multivariate analysis. A retrospective
study by Mori et al. [6] found that absence of active systemic disease and presence of a solitary
metastasis were associated with better OS in melanoma patients on multivariate analysis. A 2014
analysis of 135 melanoma patients undergoing SRS by Marcus et al. [36] found KPS (p = 0.02) and serum
LDH levels (p = 0.01) to be prognostic factors significant for OS on multivariate analysis. Additionally,
the parallels between our findings and established prognostic factors by the Diagnosis-Specific Graded
Prognostic Assessment (DS-GPA) system should be noted [37]. These factors must be carefully
considered when developing a treatment plan for each patient.

Systemic metastases from both RCC and melanoma have become targets for immunotherapeutic
treatments as well. Ipilimumab, a monoclonal antibody that upregulates immune responses
by targeting CTLA-4 (cytotoxic T-lymphocyte-associated protein 4), has been shown to prolong
survival times in both previously treated and untreated metastatic melanoma patients when used
in combination with other therapies [38,39]. The landmark study by Hodi et al. [38] demonstrated
extended survival of more than 10 months in patients treated with ipilimumab (p ď 0.003), but few
of these patients had brain metastases and survival date regarding this subset was not reported.
Another study by Robert et al. [39] demonstrated similar results in patients without brain metastases.
To examine the impact of adding ipilimumab to treatment of patients with intracranial melanoma and
previous SRS treatment, Knisely et al. [40] analyzed 77 patients with intracranial melanoma treated
with SRS. The 27 (35%) of patients receiving ipilimumab experienced a median survival of 21.3 months
(p = 0.03), compared to a median survival of 4.9 months in patients who did not receive the therapy.
Comparable results were seen in a recent study conducted by Scoenfeld et al. [41], in which intracranial
melanoma patients treated with ipilimumab and SRS experienced a median survival of 14.4 months,
with those who received SRS prior to ipilimumab experiencing a longer median survival compared to
those who initiated ipilimumab prior to SRS (26 months compared with 6 months, p < 0.001). These
studies offer convincing evidence of the benefits of adding ipilimumab to SRS in the treatment of
particular patients with intracranial melanoma.

In addition, the use of other immunotherapies has been approved for treatment of advanced
metastatic renal cell carcinoma. Inhibitors of mammalian target of rapamycin (mTOR) work by
interfering with protein kinases that modulate protein synthesis and cell proliferation in cancers.
The mTOR inhibitor everolimus has been shown to be an effective salvage therapy in patients with
metastatic RCC, extending OS to 24 months (p = 0.047) [42]. Previous retrospective studies have
determined similar benefits of everolimus, especially when compared to temsirolimus, another mTOR
inhibitor previously consider a mainstay of therapy in these patients [43,44]. Nivolumab, a recently
FDA-approved PD-1 inhibitor, has been shown to be more effective in prolonging overall survival in
metastatic renal cell carcinoma patients than everolimus. (104). A study by Motzer et al. [45] of patients
with advanced RCC demonstrated a 5.4-month survival benefit of nivolumab versus everolimus
(p = 0.002). Such studies are supportive of nivolumab becoming a therapeutic mainstay in patients
with advanced renal cell carcinoma, but further retrospective studies are needed to properly determine
the survival benefit of PD-1 inhibitors in patients with intracranial renal cell carcinoma, and their
therapeutic utility in combination with SRS.

4. Materials and Methods

For this analysis, we examined 122 patients with a diagnosis of brain metastasis and primary
tumor histology of kidney cancer or melanoma. We included patients who were treated between
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December 2001 and July 2014. IRB approval for this study was obtained prior to initiation by the
Spokane IRB (study number 1507). Individual patient consent was deemed not necessary because of
the retrospective nature of the analysis. The patients were grouped by age at brain metastasis diagnosis
(<65, 65+, Unknown), by whether or not they received WBRT, by whether or not they underwent
resection, by KPS value (90–100, 70–80, ď60, Unknown), by number of brain metastases (1, 2–5, >5,
Unknown), and by primary tumor histology (RCC, melanoma). Patients underwent GKRS from a
Leksell Gamma Knife® Model C or Leksell Gamma Knife® Perfexion.

Survival curves were estimated using the Kaplan-Meier method and used to compare age groups,
KPS groups, primary tumor histology groups, brain metastases number groups, and treatment
groups. Andersen 95% confidence intervals for median survival times of each group were determined.
Confidence intervals for the hazard-ratio were calculated using the estimate of standard error (se):

se “

g

f

f

e

k
ÿ

i´1

1
eij

(1)

where ei is the extent of exposure to risk of death for group i of k at the jth distinct observed time for
group i of k (Armitage P, Berry G. Statistical Methods in Medical Research (3rd edition). Blackwell 1994.)
Log-rank tests were used to determine if there is a statistical difference between the survival rates
of the different groups. The Cox proportional hazard model was used in a multivariate analysis
of the age groups, KPS groups, primary tumor histology groups, and the treatment groups. All
statistical analyses utilized StatsDirect Version 2.8.0 (StatsDirect Ltd., Altrincham, UK) and SigmaPlot
Version 11.0 (SYSTAT Software, Inc., San Jose, CA, USA).

5. Conclusions

RCC and melanoma commonly metastasize to the brain and can cause devastating neurological
damage. Surgery is not always possible, and WBRT is of questionable use due to the radioresistant
nature of these lesions. SRS has proven effective in treating these lesions in multiple clinical
reports, demonstrating both high local control rates and extended overall survival while significantly
decreasing neurocognitive damage. Our retrospective study determined high KPS and a lower number
of intracranial metastases to be significant prognostic factors for improved overall survival in patients
with intracranial RCC or melanoma treated with SRS.

Acknowledgments: We thank Eric Reynolds, Jill Adams, Gamma Knife of Spokane, and the entire Cancer Care
Northwest research team for their contributions to this study.

Author Contributions: Ethan A. Ferrel and Andrew T. Roehrig contributed to data collection, analysis,
interpretation, and manuscript preparation. Christopher M. Lee contributed to data collection, analysis, and
study design, as well as manuscript preparation. Ben Peressini contributed heavily to data analysis. Erin A. Kaya,
Jonathan D. Carlson, Benjamin C. Ling, Aaron Wagner, Alexander R. MacKay, Jason A. Call, John J. Demakas,
Wayne T. Lamoreaux, Robert K. Fairbanks, and Barton S. Cooke all contributed to data analysis and manuscript
preparation and editing, as well as providing professional consultation.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

RCC Renal cell carcinoma
SRS Stereotactic radiosurgery
OS Overall survival
WBRT Whole brain radiation therapy
KPS Karnofsky Performance Status



Int. J. Mol. Sci. 2016, 17, 400 10 of 12

References

1. Posner, J.B. Management of brain metastases. Rev. Neurol. 1992, 148, 477–487. [PubMed]
2. Patchell, R.A. The management of brain metastases. Cancer Treat. Rev. 2003, 29, 533–540. [CrossRef]
3. Marko, N.F.; Angelov, L.; Toms, S.A.; Suh, J.H.; Chao, S.T.; Vogelbaum, M.A.; Barnett, G.H.; Weil, R.J.

Stereotactic radiosurgery as single-modality treatment of incidentally identified renal cell carcinoma brain
metastases. World Neurosurg. 2010, 73, 186–193. [CrossRef] [PubMed]

4. Samlowski, W.E.; Watson, G.A.; Wang, M.; Rao, G.; Klimo, P., Jr.; Boucher, K.; Shrieve, D.C.; Jensen, R.L.
Multimodality treatment of melanoma brain metastases incorporating stereotactic radiosurgery (SRS). Cancer
2007, 109, 1855–1862. [CrossRef] [PubMed]

5. Santarelli, J.G.; Sarkissian, V.; Hou, L.C.; Veeravagu, A.; Tse, V. Molecular events of brain metastasis.
Neurosurg. Focus 2007, 22, 1–5. [CrossRef]

6. Mori, Y.; Kondziolka, D.; Flickinger, J.C.; Kirkwood, J.M.; Agarwala, S.; Lunsford, L.D. Stereotactic
radiosurgery for cerebral metastatic melanoma: Factors affecting local disease control and survival.
Int. J. Radiat. Oncol. Biol. Phys. 1998, 42, 581–589. [CrossRef]

7. Rapp, S.R.; Case, L.D.; Peiffer, A.; Naughton, M.M.; Chan, M.D.; Stieber, V.W.; Moore, D.F., Jr.; Falchuk, S.C.;
Piephoff, J.V.; Edenfield, W.J.; et al. Donepezil for irradiated brain tumor survivors: A phase III randomized
placebo-controlled clinical trial. J. Clin. Oncol. 2015, 33, 1653–1659. [CrossRef] [PubMed]

8. Soffietti, R.; Ruda, R.; Mutani, R. Management of brain metastases. J. Neurol. 2002, 249, 1357–1369. [CrossRef]
[PubMed]

9. Kim, Y.H.; Kim, J.W.; Chung, H.T.; Paek, S.H.; Kim, D.G.; Jung, H.W. Brain metastasis from renal cell
carcinoma. Prog. Neurol. Surg. 2012, 25, 163–175. [PubMed]

10. Nieder, C.; Berberich, W.; Schnabel, K. Tumor-related prognostic factors for remission of brain metastases
after radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 1997, 39, 25–30. [CrossRef]

11. Muacevic, A.; Kreth, F.W.; Mack, A.; Tonn, J.C.; Wowra, B. Stereotactic radiosurgery without radiation
therapy providing high local tumor control of multiple brain metastases from renal cell carcinoma.
Minim. Invasive Neurosurg. 2004, 47, 203–208. [CrossRef] [PubMed]

12. Brown, P.D.; Brown, C.A.; Pollock, B.E.; Gorman, D.A.; Foote, R.L. Stereotactic radiosurgery for patients
with “radioresistant” brain metastases. Neurosurgery 2008, 62, 790–801. [CrossRef] [PubMed]

13. El Gantery, M.M.; Abd El Baky, H.M.; El Hossieny, H.A.; Mahmoud, M.; Youssef, O. Management of brain
metastases with stereotactic radiosurgery alone versus whole brain irradiation alone versus both. Radiat. Oncol.
2014, 9, 116. [CrossRef] [PubMed]

14. Amer, M.H.; Al-Sarraf, M.; Baker, L.H.; Vaitkevicius, V.K. Malignant melanoma and central nervous system
metastases: Incidence, diagnosis, treatment and survival. Cancer 1978, 42, 660–668. [CrossRef]

15. Barth, A.; Wanek, L.A.; Morton, D.L. Prognostic factors in 1521 melanoma patients with distant metastases.
J. Am. Coll. Surg. 1995, 181, 193–201. [PubMed]

16. Yu, C.; Chen, J.C.; Apuzzo, M.L.; O’Day, S.; Giannotta, S.L.; Weber, J.S.; Petrovich, Z. Metastatic melanoma
to the brain: Prognostic factors after gamma knife radiosurgery. Int. J. Radiat. Oncol. Biol. Phys. 2002, 52,
1277–1287. [CrossRef]

17. Lavine, S.D.; Petrovich, Z.; Cohen-Gadol, A.A.; Masri, L.S.; Morton, D.L.; O’Day, S.J.; Essner, R.; Zelman, V.;
Yu, C.; Luxton, G.; et al. Gamma knife radiosurgery for metastatic melanoma: An analysis of survival,
outcome, and complications. Neurosurgery 1999, 44, 59–64. [CrossRef] [PubMed]

18. Sampson, J.H.; Carter, J.H., Jr.; Friedman, A.H.; Seigler, H.F. Demographics, prognosis, and therapy in
702 patients with brain metastases from malignant melanoma. J. Neurosurg. 1998, 88, 11–20. [CrossRef]
[PubMed]

19. Chen, J.C.; Petrovich, Z.; O’Day, S.; Morton, D.; Essner, R.; Giannotta, S.L.; Yu, C.; Apuzzo, M.L. Stereotactic
radiosurgery in the treatment of metastatic disease to the brain. Neurosurgery 2000, 47, 268–279. [CrossRef]
[PubMed]

20. Rades, D.; Huttenlocher, S.; Gebauer, N.; Hornung, D.; Trang, N.T.; Khoa, M.T.; Schild, S.E. Impact of
stereotactic radiosurgery dose on control of cerebral metastases from renal cell carcinoma. Anticancer Res.
2015, 35, 3571–3574.

21. Bennani, O.; Derrey, S.; Langlois, O.; Castel, H.; Laquerriere, A.; Freger, P.; Proust, F. Brain metastasis from
renal cell carcinoma. Neurochirurgie 2014, 60, 12–16. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/1448668
http://dx.doi.org/10.1016/S0305-7372(03)00105-1
http://dx.doi.org/10.1016/j.surneu.2009.02.011
http://www.ncbi.nlm.nih.gov/pubmed/20860956
http://dx.doi.org/10.1002/cncr.22605
http://www.ncbi.nlm.nih.gov/pubmed/17351953
http://dx.doi.org/10.3171/foc.2007.22.3.2
http://dx.doi.org/10.1016/S0360-3016(98)00272-7
http://dx.doi.org/10.1200/JCO.2014.58.4508
http://www.ncbi.nlm.nih.gov/pubmed/25897156
http://dx.doi.org/10.1007/s00415-002-0870-6
http://www.ncbi.nlm.nih.gov/pubmed/12382150
http://www.ncbi.nlm.nih.gov/pubmed/22236678
http://dx.doi.org/10.1016/S0360-3016(97)00154-5
http://dx.doi.org/10.1055/s-2004-818511
http://www.ncbi.nlm.nih.gov/pubmed/15346315
http://dx.doi.org/10.1227/01.neu.0000316283.45242.e1
http://www.ncbi.nlm.nih.gov/pubmed/18596426
http://dx.doi.org/10.1186/1748-717X-9-116
http://www.ncbi.nlm.nih.gov/pubmed/24884624
http://dx.doi.org/10.1002/1097-0142(197808)42:2&lt;660::AID-CNCR2820420237&gt;3.0.CO;2-E
http://www.ncbi.nlm.nih.gov/pubmed/7670677
http://dx.doi.org/10.1016/S0360-3016(01)02772-9
http://dx.doi.org/10.1097/00006123-199901000-00031
http://www.ncbi.nlm.nih.gov/pubmed/9894964
http://dx.doi.org/10.3171/jns.1998.88.1.0011
http://www.ncbi.nlm.nih.gov/pubmed/9420067
http://dx.doi.org/10.1097/00006123-200008000-00003
http://www.ncbi.nlm.nih.gov/pubmed/10942000
http://dx.doi.org/10.1016/j.neuchi.2013.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24636403


Int. J. Mol. Sci. 2016, 17, 400 11 of 12

22. Sheehan, J.P.; Sun, M.H.; Kondziolka, D.; Flickinger, J.; Lunsford, L.D. Radiosurgery in patients with renal
cell carcinoma metastasis to the brain: Long-term outcomes and prognostic factors influencing survival and
local tumor control. J. Neurosurg. 2003, 98, 342–349. [CrossRef] [PubMed]

23. Dyer, M.A.; Arvold, N.D.; Chen, Y.H.; Pinnell, N.E.; Mitin, T.; Lee, E.Q.; Hodi, F.S.; Ibrahim, N.; Weiss, S.E.;
Kelly, P.J.; et al. The role of whole brain radiation therapy in the management of melanoma brain metastases.
Radiat. Oncol. 2014, 9, 143. [CrossRef] [PubMed]

24. Dye, N.B.; Gondi, V.; Mehta, M.P. Strategies for preservation of memory function in patients with brain
metastases. Chin. Clin. Oncol. 2015, 4, 24. [CrossRef] [PubMed]

25. Brown, P.D.; Asher, A.L.; Ballman, K.V.; Farace, E.; Cerhan, J.H.; Anderson, S.K.; Carrero, X.W.; Barker, F.G.;
Deming, R.L.; Burri, S.; et al. NCCTG N0574 (alliance): A phase III randomized trial of whole brain radiation
therapy (WBRT) in addition to radiosurgery (SRS) in patients with 1 to 3 brain metastases. J. Clin. Oncol.
2015, 33, LBA4.

26. Chang, E.L.; Wefel, J.S.; Hess, K.R.; Allen, P.K.; Lang, F.F.; Kornguth, D.G.; Arbuckle, R.B.; Swint, J.M.;
Shiu, A.S.; Maor, M.H.; et al. Neurocognition in patients with brain metastases treated with radiosurgery or
radiosurgery plus whole-brain irradiation: A randomised controlled trial. Lancet Oncol. 2009, 10, 1037–1044.
[CrossRef]

27. Hanson, P.W.; Elaimy, A.L.; Lamoreaux, W.T.; Demakas, J.J.; Fairbanks, R.K.; Mackay, A.R.; Taylor, B.;
Cooke, B.S.; Thumma, S.R.; Lee, C.M. A concise review of the efficacy of stereotactic radiosurgery in the
management of melanoma and renal cell carcinoma brain metastases. World J. Surg. Oncol. 2012, 10, 176.
[CrossRef] [PubMed]

28. Lwu, S.; Goetz, P.; Monsalves, E.; Aryaee, M.; Ebinu, J.; Laperriere, N.; Menard, C.; Chung, C.; Millar, B.A.;
Kulkarni, A.V.; et al. Stereotactic radiosurgery for the treatment of melanoma and renal cell carcinoma brain
metastases. Oncol. Rep. 2013, 29, 407–412. [PubMed]

29. Frakes, J.M.; Figura, N.D.; Ahmed, K.A.; Juan, T.H.; Patel, N.; Latifi, K.; Sarangkasiri, S.; Strom, T.J.;
Chinnaiyan, P.; Rao, N.G.; et al. Potential role for linac-based stereotactic radiosurgery for the treatment of 5
or more radioresistant melanoma brain metastases. J. Neurosurg. 2015, 123, 1261–1267. [CrossRef] [PubMed]

30. Mikoshiba, A.; Uhara, H.; Murata, H.; Okuyama, R. Clinical effects of stereotactic radiation surgery in
patients with metastatic melanoma. J. Dermatol. 2013, 40, 626–628. [CrossRef] [PubMed]

31. Fokas, E.; Henzel, M.; Hamm, K.; Surber, G.; Kleinert, G.; Engenhart-Cabillic, R. Radiotherapy for brain
metastases from renal cell cancer: Should whole-brain radiotherapy be added to stereotactic radiosurgery?
Strahlenther. Onkol. 2010, 186, 210–217. [CrossRef] [PubMed]

32. Powell, J.W.; Chung, C.T.; Shah, H.R.; Canute, G.W.; Hodge, C.J.; Bassano, D.A.; Liu, L.; Mitchell, L.;
Hahn, S.S. Gamma knife surgery in the management of radioresistant brain metastases in high-risk patients
with melanoma, renal cell carcinoma, and sarcoma. J. Neurosurg. 2008, 109, 122–128. [PubMed]

33. Kano, H.; Iyer, A.; Kondziolka, D.; Niranjan, A.; Flickinger, J.C.; Lunsford, L.D. Outcome predictors of
gamma knife radiosurgery for renal cell carcinoma metastases. Neurosurgery 2011, 69, 1232–1239. [CrossRef]
[PubMed]

34. Elaimy, A.L.; Mackay, A.R.; Lamoreaux, W.T.; Fairbanks, R.K.; Demakas, J.J.; Cooke, B.S.; Lee, C.M.
Clinical outcomes of stereotactic radiosurgery in the treatment of patients with metastatic brain tumors.
World Neurosurg. 2011, 75, 673–683. [CrossRef] [PubMed]

35. Shuto, T.; Matsunaga, S.; Suenaga, J.; Inomori, S.; Fujino, H. Treatment strategy for metastatic brain tumors
from renal cell carcinoma: Selection of gamma knife surgery or craniotomy for control of growth and
peritumoral edema. J. Neurooncol. 2010, 98, 169–175. [CrossRef] [PubMed]

36. Marcus, D.M.; Lowe, M.; Khan, M.K.; Lawson, D.H.; Crocker, I.R.; Shelton, J.W.; Melton, A.; Maynard, N.;
Delman, K.A.; Carlson, G.W.; et al. Prognostic factors for overall survival after radiosurgery for brain
metastases from melanoma. Am. J. Clin. Oncol. 2014, 37, 580–584. [CrossRef] [PubMed]

37. Sperduto, P.W.; Kased, N.; Roberge, D.; Xu, Z.; Shanley, R.; Luo, X.; Sneed, P.K.; Chao, S.T.; Weil, R.J.;
Suh, J.; et al. Summary report on the graded prognostic assessment: An accurate and facile diagnosis-specific
tool to estimate survival for patients with brain metastases. J. Clin. Oncol. 2012, 30, 419–425. [CrossRef]
[PubMed]

38. Hodi, F.S.; O’Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; Robert, C.;
Schadendorf, D.; Hassel, J.C.; et al. Improved survival with ipilimumab in patients with metastatic melanoma.
N. Engl. J. Med. 2010, 363, 711–723. [CrossRef] [PubMed]

http://dx.doi.org/10.3171/jns.2003.98.2.0342
http://www.ncbi.nlm.nih.gov/pubmed/12593621
http://dx.doi.org/10.1186/1748-717X-9-143
http://www.ncbi.nlm.nih.gov/pubmed/24954062
http://dx.doi.org/10.3978/j.issn.2304-3865.2015.05.05
http://www.ncbi.nlm.nih.gov/pubmed/26112810
http://dx.doi.org/10.1016/S1470-2045(09)70263-3
http://dx.doi.org/10.1186/1477-7819-10-176
http://www.ncbi.nlm.nih.gov/pubmed/22931379
http://www.ncbi.nlm.nih.gov/pubmed/23151681
http://dx.doi.org/10.3171/2014.12.JNS141919
http://www.ncbi.nlm.nih.gov/pubmed/26140482
http://dx.doi.org/10.1111/1346-8138.12179
http://www.ncbi.nlm.nih.gov/pubmed/23682870
http://dx.doi.org/10.1007/s00066-010-2055-z
http://www.ncbi.nlm.nih.gov/pubmed/20165820
http://www.ncbi.nlm.nih.gov/pubmed/19123898
http://dx.doi.org/10.1227/NEU.0b013e31822b2fdc
http://www.ncbi.nlm.nih.gov/pubmed/21716155
http://dx.doi.org/10.1016/j.wneu.2010.12.006
http://www.ncbi.nlm.nih.gov/pubmed/21704935
http://dx.doi.org/10.1007/s11060-010-0170-4
http://www.ncbi.nlm.nih.gov/pubmed/20405309
http://dx.doi.org/10.1097/COC.0b013e318280d7be
http://www.ncbi.nlm.nih.gov/pubmed/23428955
http://dx.doi.org/10.1200/JCO.2011.38.0527
http://www.ncbi.nlm.nih.gov/pubmed/22203767
http://dx.doi.org/10.1056/NEJMoa1003466
http://www.ncbi.nlm.nih.gov/pubmed/20525992


Int. J. Mol. Sci. 2016, 17, 400 12 of 12

39. Robert, S.; Thomas, L.; Bondarenko, I.; O’Day, S.; Weber, J.; Garbe, C.; Lebbe, C.; Baurain, J.F.; Testori, A.;
Grob, J.J.; et al. Ipilimumab plus dacarbazine for previously untreated metastatic melanoma. N. Engl. J. Med.
2011, 364, 2517–2526. [CrossRef] [PubMed]

40. Knisely, J.P.; Yu, J.B.; Flanigan, J.; Sznol, M.; Kluger, H.M.; Chiang, V.L. Radiosurgery for melanoma brain
metastases in the ipilimumab era and the possibility of longer survival. J. Neurosurg. 2012, 117, 227–233.
[CrossRef] [PubMed]

41. Schoenfeld, J.D.; Mahadevan, A.; Floyd, S.R.; Dyer, M.A.; Catalano, P.J.; Alexander, B.M.; McDermott, D.F.;
Kaplan, I.D. Ipilimumab and cranial radiation in metastatic melanoma patients: A case series and review.
J. Immunother. Cancer 2015, 3. [CrossRef] [PubMed]

42. Patel, S.B.; Stenehjem, D.D.; Gill, D.M.; Tantravahi, S.K.; Agarwal, A.M.; Hsu, J.; Vuong, W.; Pal, S.K.;
Agarwal, N. Everolimus versus temsirolimus in metastatic renal cell carcinoma after progression with
previous systemic therapies. Clin. Genitourin. Cancer 2015. [CrossRef] [PubMed]

43. Iacovelli, R.; Santoni, M.; Verzoni, E.; Grassi, P.; Testa, I.; de Braud, F.; Cascinu, S.; Procopio, G. Everolimus
and temsirolimus are not the same second-line in metastatic renal cell carcinoma: A systematic review and
meta-analysis of literature data. Clin Genitourin Cancer 2015, 13, 137–141. [CrossRef] [PubMed]

44. Wong, M.K.; Yang, H.; Signorovitch, J.E.; Wang, X.; Liu, Z.; Liu, N.S.; Qi, C.Z.; George, D.J. Comparative
outcomes of everolimus, temsirolimus, and sorafenib as second targeted therapies for metastatic renal cell
carcinoma: A US medical record review. Curr. Med. Res. Opin. 2014, 30, 537–545. [CrossRef] [PubMed]

45. Motzer, R.J.; Escudier, B.; McDermott, D.F.; George, S.; Hammers, H.J.; Srinivas, S.; Tykodi, S.S.; Sosman, J.A.;
Procopio, G.; Plimack, E.R.; et al. Nivolumab versus everolimus in advanced renal-cell carcinoma.
N. Engl. J. Med. 2015, 373, 1803–1813. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1056/NEJMoa1104621
http://www.ncbi.nlm.nih.gov/pubmed/21639810
http://dx.doi.org/10.3171/2012.5.JNS111929
http://www.ncbi.nlm.nih.gov/pubmed/22702482
http://dx.doi.org/10.1186/s40425-015-0095-8
http://www.ncbi.nlm.nih.gov/pubmed/26672895
http://dx.doi.org/10.1016/j.clgc.2015.12.011
http://www.ncbi.nlm.nih.gov/pubmed/26781820
http://dx.doi.org/10.1016/j.clgc.2014.07.006
http://www.ncbi.nlm.nih.gov/pubmed/25160521
http://dx.doi.org/10.1185/03007995.2013.871243
http://www.ncbi.nlm.nih.gov/pubmed/24329572
http://dx.doi.org/10.1056/NEJMoa1510665
http://www.ncbi.nlm.nih.gov/pubmed/26406148
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Conclusions 

