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M

elanoma is the third most common primary tumor
associated with central nervous system (CNS) metastasis, after lung and breast cancer.1,38,39 Cerebral metastases
occur in 10 to 40% of patients diagnosed with Stage IV
melanoma.1,38 Survival usually varies from 2.75 to 4 months,
with the majority of patients dying from complications of
CNS disease.23 For years, the management of melanoma
brain metastases consisted of resection of symptomatic surgically accessible lesions followed by whole-brain radiation
therapy (WBRT), or WBRT alone.1,23,38 Stereotactic radiosurgery has emerged as a minimally invasive adjunct or
alternative to microsurgical resection and fractionated WBRT
for metastatic cancer. Radiosurgery provides high local tumor
control rates in cancers often considered radioresistant, such
as sarcomas, renal cell carcinomas, and melanomas.2,4 To
better understand factors that influence survival and tumor
response, we reviewed our experience with gamma knife
surgery for melanoma brain metastases.

patients had previous radiosurgery (one linear accelerator
[LINAC]-based and one with a gamma knife) at other institutions. Fifty-three patients (21.7%) had previous surgery
(craniotomy in 42, stereotactic biopsy in 8, and needle aspiration of tumor cyst in 3 patients). Evidence of previous
tumor hemorrhage, either clinical or radiological, was present
in 37 cases (15.2%). The median Karnofsky Performance
Score (KPS) was 90% (range, 50 –100%). According to the
referring oncologist evaluation, the systemic cancer was considered controlled in 48 patients (19.7%) and active in 196
patients (80.3%). When stratified according to the recursive
partitioning analysis (RPA) devised by the Radiation Therapy
Oncology Group (RTOG),8 28 patients (11.5%) were in Class
I, 200 patients (82%) were in Class II, and 16 patients (6.6%)
were in Class III. Table 39.1 summarizes the patient population, in more detail.

Radiosurgery Procedures
MATERIALS AND METHODS
Patient Population
Between August 1987 and September 2005, 244 patients had gamma knife radiosurgery for the management of
melanoma brain metastases at the University of Pittsburgh
Medical Center. The population consisted of 79 female
(32.4%) and 165 male (67.6%) patients, with age varying
from 16 to 87 years (mean, 54.2 yr). Ninety-eight patients
(40.2%) had a single metastasis and 146 patients (59.8%) had
multiple metastases (range, 2–14 metastases). The mean interval from primary diagnosis to brain metastases diagnosis
was 49.4 months (range, 0 – 49.8 yr). For the management of
their brain disease, radiosurgery was used as the primary
management modality in 115 patients (within 1 mo of brain
metastasis diagnosis with no other previous therapy). One
hundred ten patients (45.1%) had received previous WBRT,
usually 30 Gy in 10 or 12 fractions (range, 21– 60 Gy). Two
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A total of 291 radiosurgery procedures were performed
to manage 754 tumors. A single procedure was required in
207 patients, and 37 patients had multiple procedures (two
procedures in 32 cases, three procedures in two cases, four
procedures in one case, and five procedures in two cases). A
mean of 2.6 tumors per patient were irradiated at each
procedure (range, 1–14 tumors). Six hundred and twelve
tumors (81.2%) were located in the cerebral hemispheres, 47
tumors (6.2%) in deep supratentorial parenchyma (thalamus,
basal ganglia, corpus callosum), 67 tumors (8.9%) in the
cerebellum, 14 tumors (1.9%) in the brainstem, and 14
tumors (1.9%) in the cranium (vault or base). The isodose line
used to deliver radiation varied from 30 to 90% (median,
50%). The median margin dose delivered was 18 Gy (mean,
17.4 Gy; range, 10 –22 Gy) and the median maximum dose
was 32 Gy (mean, 33.3 Gy; range, 20 –50 Gy). The doses
were selected based on tumor size, location, and previous
irradiation status of the patients. Individual tumor volume
(largest tumor in case of multiple metastases) varied from 0.1
to 37.2 cm3 (median, 3.4 cm3; mean, 6.0 cm3), whereas the
total tumor volume (including all lesions in cases of multiple

241

Clinical Neurosurgery • Volume 54, 2007

Mathieu et al.

TABLE 39.1. Demographics and clinical data of patient
populationa

metastases) varied from 0.1 to 44.8 cm3 (median, 4.4 cm3;
mean, 7.7 cm3).

Characteristics

Follow-up Evaluations

Sex
Female
Male
Initial cerebral presentation
Staging imaging (no symptoms)
Seizure
Tumor hemorrhage
Mass effect (without bleed)
Number of metastases
1
2–3
4–6
7 or more
Metastases location
Lobar supratentorial
Deep supratentorial
Cerebellum
Brainstem
Cranium
Previous systemic therapy
Chemotherapy
Immunotherapy
Extracranial radiation
Previous cerebral therapy
Surgery
WBRT
Radiosurgery
Extent of systemic disease
CNS only
Primary site only
Primary ⫹ 1 lymph node chain
Primary ⫹ ⬎1 lymph chain or
visceral met
Disseminated (⬎2 visceral sites)
Systemic disease status
Active
Controlled
Main neurological symptomatology at
radiosurgery
Asymptomatic
Headaches only
Seizures only
Focal deficits
Cognitive deficits
KPS
90–100%
⬍80%
RPA class
1
2
3

Value
79 (32.4%)
165 (67.6%)
119 (48.8%)
30 (12.3%)
21 (8.6%)
74 (30.3%)
98 (40.2%)
85 (34.8%)
41 (16.8%)
20 (8.2%)
219 (89.8%)
37 (15.2%)
39 (16%)
13 (5.3%)
6 (2.5%)
105 (43%)
124 (50.8%)
32 (13.1%)
53 (21.7%)
110 (45.1%)
2 (0.8%)
7 (2.9%)
21 (8.6%)
25 (10.2%)
49 (20.1%)

RESULTS
Survival
At the time of the analysis, 212 patients were deceased
and 18 were still alive. Fourteen patients were presumed dead
(without confirmation) and were censored from survival analysis. The median survival after radiosurgery was 5.3 months
(mean, 10 mo; range, 0.2–114.3 mo). Median survival was
7.8 months (mean, 13.4 mo) from the diagnosis of brain
metastases and 44.9 months (mean, 69 mo) from the diagnosis of the primary tumor. Actuarial survival rates were 67.6 ⫾
3.1% at 3 months; 42.8 ⫾ 3.3% at 6 months; 20.2 ⫾ 2.7% at
12 months; and 9.3 ⫾ 2.1% at 24 months after radiosurgery
(Fig. 39.1). One hundred eight patients (50.9%) were thought

142 (58.2%)
196 (80.3%)
48 (19.7%)

131 (53.7%)
23 (9.4%)
14 (5.7%)
63 (25.8%)
13 (5.3%)
163 (66.8%)
81 (33.2%)
28 (11.5%)
200 (82%)
16 (6.6%)

a
WBRT, whole-brain radiation therapy; CNS, central nervous system;
KPS, Karnofsky Performance Score; RPA, recursive partitioning analysis.
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The first clinical and radiological follow-up assessments were scheduled at 8 weeks (earlier if a new symptom
developed), and then every 3 months for the first year. Further
evaluations were dictated by the status of the patients. A
tumor was deemed stable on magnetic resonance imaging
(MRI) scan follow-up if it remained within 25% of its initial
size. Progression was recognized if the tumor increased by
more than 25% compared with at the time of radiosurgery,
whereas tumor regression occurred in cases of shrinkage of
more than 25%. In addition to patients with increased tumor
size, those who needed additional intervention on an irradiated lesion because of worsening symptoms, even without
change in size, were classified as having progression.

FIGURE 39.1. Kaplan-Meier plot showing overall survival from
the time of radiosurgery for the entire patient series.
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to have died from progression of the systemic disease and 86
patients (40.5%) from CNS disease. In the latter group, 77
patients died from increased cerebral tumor burden (most
with multiple new metastases) whereas 9 patients died as a
consequence of brain hemorrhage. Six patients (2.8%) died
from causes unrelated to their neoplastic disease. The exact
cause of death remained unknown in 12 patients (5.7%). On
multivariate analysis, active extracranial disease (P ⬍
0.0005); KPS, at most 80% (P ⬍ 0.0005); multiple metastases (P ⫽ 0.005); tumor volume greater than 8 cm3 (P ⫽
0.041); and cerebellar metastases (P ⫽ 0.021) were predictors
of decreased survival (Table 39.2).

Local Control
Follow-up imaging was available for 175 patients after
208 procedures (a total of 507 metastases). The median
follow-up interval was 4.3 months (mean, 8.1 mo; range,
0.3–114.3 mo). The best responses obtained were complete
disappearance of 31 tumors (6.1%), regression of 162 tumors
(32%), and no change in 268 tumors (52.8%). Early progression occurred in 46 tumors (9.1%). Delayed progression after
previous regression or stabilization was noted in 24 tumors.
Thus, a total of 70 tumors (13.8% of all metastases) eventually progressed. Overall, 54 patients (30.9%) had progression
of at least one metastasis after radiosurgery. The median time
to progression was 2.9 months (mean, 5.5 mo; range, 0.1–
30.9 mo). For all patients with imaging follow-up, actuarial

freedom from progression was 83.1 ⫾ 2.8% at 3 months;
74.6 ⫾ 3.6% at 6 months; 58.9 ⫾ 5.2% at 12 months; and
42.8 ⫾ 7.1% at 24 months (Fig. 39.2). On multivariate
testing, increased total volume (P ⬍ 0.0005) and hemorrhagic
metastasis (P ⫽ 0.002) were predictors of local failure (Table
39.3).

Distant Control
Of 175 patients with imaging follow-up, 73 patients
(41.7%) were found to have new lesions on subsequent
studies. The median time was 4.2 months after radiosurgery
(mean, 5.9 mo; range, 0.5– 41.1 mo). Actuarial freedom from
distant failure was 78.6 ⫾ 3.2% at 3 months; 57.5 ⫾ 4.3% at
6 months; 32.5 ⫾ 4.9% at 12 months; and 17.1 ⫾ 4.6% at 24
months (Fig. 39.3). On multivariate testing, multiple metastases (P ⬍ 0.0005) and absence of immunotherapy after
radiosurgery (P ⫽ 0.002) increased the odds of developing
new brain metastases (Table 39.4).

Morbidity and Clinical Outcome
Clinical follow-up was available for 206 patients
(range, 0.2–114.3 mo). Sixteen patients (6.6%) had symptomatic radiation effects demonstrated by increased contrast uptake with signal changes around the lesion on long relaxation
time (TR) MRI scans. These imaging changes as well as
symptoms were completely reversed with a temporary course
of corticosteroids in 12 patients. Two patients required a

TABLE 39.2. Univariate and multivariate analyses of survival after radiosurgerya
Variable
Age
Sex
Primary to brain metastasis interval
Extracranial disease status
RPA class
KPS
Number of metastases
Single or multiple metastasis
Initial brain metastasis presentation (symptomatic
or not)
Neurological status at time of radiosurgery
(symptomatic or not)
WBRT at any time
Chemotherapy
Immunotherapy
Total radiosurgery volume
Total radiosurgery volume (⫾8 cm3)
Presence of deep cerebral metastasis
Presence of cerebellar metastasis
Presence of brainstem metastasis
a

Univariate (P value)

Multivariate (P value)

Hazard rate ratio (relative risk)

0.014
0.990
0.062
⬍0.0005
⬍0.0005
⬍0.0005
⬍0.0005
⬍0.0005
0.267

0.149
0.986
0.071
⬍0.0005
0.225
⬍0.0005
0.275
0.005
0.125

NA
NA
NA
2.153
NA
2.043
NA
1.544
NA

0.002

0.685

NA

0.055
0.114
0.761
0.001
0.003
0.328
0.004
0.798

0.316
0.539
0.897
0.571
0.041
0.241
0.021
0.406

NA
NA
NA
NA
1.379
NA
1.604
NA

NA, not applicable; RPA, recursive partitioning analysis; KPS, Karnofsky Performance Score; WBRT, whole-brain radiation therapy.
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variable was found to predict the occurrence of complications on
Cox regression analysis. Overall, the clinical condition improved
in 17 patients (8.3%) after radiosurgery, remained stable in 130
patients (63.1%), and worsened in 59 patients (28.6%). In
worsened patients, adverse radiation effects was the cause in 16
patients (27.1%), brain hemorrhage in 27 patients (45.8%), and
increased lesion burden (either local or distant progression) in 16
patients (27.1%). Corticosteroids were not needed or were discontinued after radiosurgery in 108 patients (52.4%). After
radiosurgery, 27 patients (13.1%) required a craniotomy. Local
progression was the cause in 9 patients, brain hemorrhage in 13
patients, radiation injury in 2 patients, and new metastasis in 3
patients. Forty-two patients (20.4%) required at least one repeat
radiosurgery procedure for the management of new brain metastases (33 cases), progression of a previously irradiated lesion
(5 cases), or both (4 cases). Fifty-one patients (24.8%) underwent WBRT after radiosurgery because of the development of
multiple new brain lesions.
FIGURE 39.2. Kaplan-Meier plot depicting radiological control
rate after radiosurgery.

DISCUSSION

craniotomy, one had fourth ventricle compression with hydrocephalus and the other had worsening level of consciousness and
hemiparesis. The remaining two patients had partial resolution
of radiation-induced motor deficits with steroids. Asymptomatic
radiation-induced long TR changes were noted in eight patients
(3.9%). Thus, radiation-induced changes were found on imaging
in 10.5% of patients. The median occurrence time of radiation
changes was 2.2 months (mean, 2.8 mo; range, 0.1–9.5 mo). No

The diagnosis of a cerebral metastasis is usually associated with a dismal prognosis in melanoma patients, because
a significant proportion will die as a direct consequence of the
neurological disease.32 WBRT in currently used dose schedules has been demonstrated to be relatively ineffective at
achieving local control and significantly prolonging survival
for metastatic melanoma patients.6,9,17,18,30 Stereotactic radiosurgery is a surgical procedure that allows single-session
closed-cranium delivery of radiation in a conformal fashion.
Its efficacy in the management of brain metastases has been

TABLE 39.3. Univariate and multivariate analyses of local control after radiosurgerya
Variable
Number of brain metastasis
Neurological status at treatment (symptomatic or not)
KPS
RPA class
Hemorrhagic metastasis
Irradiation of cavity postresection of brain metastasis
Superficial brain metastasis
Deep brain metastasis
Cerebellar metastasis
Brainstem metastasis
Volume of largest metastasis
Total radiosurgery volume
Margin dose used
Maximum dose used
WBRT
Radiosurgery as a boost to WBRT
a

Univariate (P value)

Multivariate (P value)

Hazard rate ratio

0.363
0.058
0.063
0.115
⬍0.0005
0.323
0.933
0.478
0.596
0.940
⬍0.0005
⬍0.0005
0.001
0.024
0.838
0.323

0.481
0.723
0.901
0.176
0.002
0.370
0.989
0.471
0.274
0.854
0.669
⬍0.0005
0.482
0.421
0.937
0.425

NA
NA
NA
NA
2.528
NA
NA
NA
NA
NA
NA
1.055
NA
NA
NA
NA

NA, not applicable; KPS, Karnofsky Performance Score; RPA, recursive partitioning analysis; WBRT, whole-brain radiation therapy.
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to offer this approach as palliative management to patients
with more extensive CNS disease and more active extracranial disease, which might explain the lower survival. In the
present study, 59.8% of patients had multiple metastases, and
this was found to negatively impact survival. Other significant predictors of survival were systemic disease status, KPS,
radiosurgery volume, and cerebellar location. Extracranial
disease had the most impact on survival. Interestingly, RPA
class was not a significant predictor of survival after multivariate analysis. This classification was devised using mostly
data from lung cancer patients.8 Applicability to melanoma
patients has not been consistently demonstrated, although
articles have reported it as a survival predictor (2– 4, 31).

CNS Disease Control
Sustained local control was achieved in 86.2% of tumors and 69.1% of patients. Actuarial freedom from local
progression was 74.6% at 6 months and 58.9% at 1 year.
Twelve-month local control rates varying from 47 to 84%
have been reported in the literature.4,29,34,35 Radiosurgery
volume greater than 8 cm3 and hemorrhagic changes in a
metastasis at the time of radiosurgery were the only predictors of local failure after multivariate analysis in our study.
Signal changes on MRI scan associated with intratumoral
blood render planning more difficult, blurring the lesion
margins and often increasing its volume, which might explain
the higher risk of failure. Increased tumor volume as a local
failure prognostic factor has been confirmed by other investigators.10,34,35 Radiation dose did not retain prognostic value
after multivariate analysis in our series. Herfarth et al.16
reported that margin doses of 20 Gy or more were associated
with improved local control after radiosurgery.
New brain metastasis occurred in 41.7% of our patients.
Patients presenting with multiple brain lesions were more

FIGURE 39.3. Kaplan-Meier plot demonstrating the proportion of patient without new brain metastases after radiosurgery.

proven in numerous publications.15,24,40 Recent articles have
also reported success using stereotactic radiosurgery to manage metastatic tumors from primary cancers often considered
“radioresistant” (sarcoma, renal carcinoma, melanoma).2,4

Survival
The median reported survival after radiosurgery for
melanoma brain metastases varies between 4.8 and 10.6
months (2, 3, 5, 10 –12, 16, 19, 20, 22, 25, 26, 28, 29, 31,
34 –36, 41). The median survival in the present series (5.3
mo) is in the lower end of what is reported in the literature.
Increased evidence of the efficacy of radiosurgery has led us

TABLE 39.4. Univariate and multivariate distant control analysesa
Variable
Time interval from diagnosis of primary to brain
metastasis
Extracranial disease status
RPA class
Previous chemotherapy treatment
Previous immunotherapy treatment
Number of brain metastasis
Single or multiple metastasis
Total radiosurgery volume
WBRT
Subsequent chemotherapy
Subsequent immunotherapy
a

Univariate (P value)

Multivariate (P value)

Hazard rate ratio

0.492

0.656

NA

0.209
0.381
0.229
0.811
⬍0.0005
⬍0.0005
0.738
0.003
0.555
0.002

0.214
0.240
0.420
0.515
0.070
⬍0.0005
0.085
0.061
0.974
0.002

NA
NA
NA
NA
NA
2.629
NA
NA
NA
0.380

NA, not applicable; RPA, recursive partitioning analysis; WBRT, whole-brain radiation therapy.
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likely to develop new metastases, probably related to more
active primary disease from the onset. Our data is consistent
with that reported in other radiosurgery series. Yu et al.41
identified increased total tumor volume and active systemic
disease as significant predictors of new brain metastases after
radiosurgery. Increased total volume was also significantly
associated with distant failure according to Selek et al.34
Immunotherapy after radiosurgery was another factor found
to decrease the incidence of new brain metastases in our
patients. Although it was thought that immunotherapy had a
limited effect on cerebral metastases because of its inability
to penetrate the blood-brain barrier,13,27 recent studies have
reported regression of CNS lesions with immunotherapy.14,33
Such therapy may help in controlling cerebral micrometastases or in preventing continuous spread of systemic disease to
the CNS.

Morbidity and Clinical Outcome
Gamma knife radiosurgery had a low complication rate
in this series. Only 6.6% of patient suffered from symptomatic adverse radiation effects, 75% of those completely recovered with corticosteroids. This is similar to the study by
Lavine et al.,20 who reported that 3 of 45 patients experienced
transient worsening of symptoms after radiosurgery. Brown
et al.2 had a higher complication rate, with 5% symptomatic
radiation necrosis and an additional 12% symptomatic cerebral edema. Radiation-induced complications can be reduced
by lowering the radiation dose for high-volume tumors or
tumors located in critical areas, such as the brainstem or deep
white matter. Dose adjustments are also required in cases of
previous radiation exposure.7 In our study, although no variable was found to be a predictor for complications, total
radiosurgery volume approached statistical significance, reflecting what was previously reported in the literature.
Overall, neurological condition remained stable or improved in 71.4% of our patients. More than half (52.4%) were
able to discontinue or avoid exogenous corticosteroid use
after undergoing radiosurgery, which is a necessary requirement to continue with any immunotherapy. Moreover, corticosteroids are a well-recognized cause of morbidity for brain
tumor patients, with a nonnegligible impact on quality of life.
This suggests that gamma knife radiosurgery can positively
impact the clinical condition in a significant majority of
patients.

Impact of WBRT
The role of WBRT in the management of melanoma
brain metastases has been questioned in the literature. Melanoma cells lines were reported to be relatively radioresistant
to conventional fractionated doses regimen in vitro, having a
better ability to repair radiation damage.21 Clinical articles
also suggest a modest impact of WBRT on melanoma metastases. Selek et al.34 reported no difference in survival for

246

Clinical Neurosurgery • Volume 54, 2007

patients managed with radiosurgery alone compared with
patients receiving both WBRT and radiosurgery. Moreover,
in that study, local control rates at 1 year were worse for
patients who had combined treatment (0% versus 60.4%). In
the article by Stone et al.,37 median survival was 3.6 months
after WBRT alone, and 10.9 months after WBRT combined
with radiosurgery or surgical resection. According to Brown
et al.,2 adding WBRT to radiosurgery did not influence
survival or the proportion of patients dying from CNS disease. It did, however, improve both local (100% versus 85%)
and distant control (91% versus 35%) at 6 months. In our
study, the addition of WBRT at any point during the course
of management did not significantly affect survival and CNS
disease control. Taken globally, these results indicate that
radiosurgery without adjuvant WBRT can be considered for
the primary management of melanoma brain metastases in
eligible patients. Advantages of gamma knife radiosurgery
over WBRT include its high spatial accuracy and its excellent
tumor control rate, as well as the practical advantage of
single-session irradiation for patients who are already challenged by aggressive systemic therapeutic options. However,
when local therapies are not indicated, WBRT remains a
valid option that can provide symptomatic improvement as
palliative management of disseminated CNS disease.9

CONCLUSION
Stereotactic radiosurgery is an effective management
option for primary and recurrent brain metastases from malignant melanoma. It improves survival and is associated with
a high local control rate, with minimal morbidity. Improved
survival can be achieved in patients with single metastasis,
controlled systemic disease, and high KPS score.
However, survival in general remains limited primarily
because of poor extracranial tumor control. Hopefully, with
future improvements in systemic therapy, the impact of
radiosurgery in allowing long-lasting CNS control will become more apparent and facilitate significant increases in
patient survival.
REFERENCES
1. Bafaloukos D, Gogas H: The treatment of brain metastases in melanoma
patients. Cancer Treat Rev 30:515–520, 2004.
2. Brown PD, Brown CA, Pollock BE, Gorman DA, Foote RL: Stereotactic
radiosurgery for patients with “radioresistant” brain metastases. Neurosurgery 51:656 – 665, 2002.
3. Buchsbaum JC, Suh JH, Lee SY, Chidel MA, Greskovich JF, Barnett
GH: Survival by radiation therapy oncology group recursive partitioning
analysis class and treatment modality in patients with brain metastases
from malignant melanoma: a retrospective study. Cancer 94:2265–
2272, 2002.
4. Chang EL, Selek U, Hassenbusch SJ, 3rd, Maor MH, Allen PK, Mahajan
A, Sawaya R, Woo SY: Outcome variation among “radioresistant” brain
metastases treated with stereotactic radiosurgery. Neurosurgery 56:
936 –945, 2005.
5. Christopoulou A, Retsas S, Kingsley D, Paddick I, Lindquist C: Integration of gamma knife surgery in the management of cerebral metastases from melanoma. Melanoma Res 16:51–57, 2006.

© 2007 The Congress of Neurological Surgeons

Clinical Neurosurgery • Volume 54, 2007

6. Doss LL, Memula N: The radioresponsiveness of melanoma. Int J
Radiat Oncol Biol Phys 8:1131–1134, 1982.
7. Flickinger JC, Lunsford LD, Kondziolka D: Dose prescription and
dose-volume effects in radiosurgery. Neurosurg Clin N Am 3:51–59,
1992.
8. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T,
McKenna WG, Byhardt R: Recursive partitioning analysis (RPA) of
prognostic factors in three Radiation Therapy Oncology Group (RTOG)
brain metastases trials. Int J Radiat Oncol Biol Phys 37:745–751,
1997.
9. Geara FB, Ang KK: Radiation therapy for malignant melanoma. Surg
Clin North Am 76:1383–1398, 1996.
10. Gieger M, Wu JK, Ling MN, Waser D, Tsai JS, Engler MJ: Response of
intracranial melanoma metastases to stereotactic radiosurgery. Radiat
Oncol Investig 5:72– 80, 1997.
11. Gonzalez-Martinez J, Hernandez L, Zamorano L, Sloan A, Levin K, Lo
S, Li Q, Diaz F: Gamma knife radiosurgery for intracranial metastatic
melanoma: a 6-year experience. J Neurosurg 97:494 – 498, 2002.
12. Grob JJ, Regis J, Laurans R, Delaunay M, Wolkenstein P, Paul K,
Souteyrand P, Koeppel MC, Murraciole X, Perragut JC, Bonerandi JJ:
Radiosurgery without whole brain radiotherapy in melanoma brain
metastases. Club de Cancerologie Cutanee. Eur J Cancer 34:1187–
1192, 1998.
13. Grooms GA, Eilber FR, Morton DL: Failure of adjuvant immunotherapy
to prevent central nervous system metastases in malignant melanoma
patients. J Surg Oncol 9:147–153, 1977.
14. Guirguis LM, Yang JC, White DE, Steinberg SM, Liewehr DJ, Rosenberg SA, Schwartzentruber DJ: Safety and efficacy of high-dose interleukin-2 therapy in patients with brain metastases. J Immunother
25:82– 87, 2002.
15. Hasegawa T, Kondziolka D, Flickinger JC, Germanwala A, Lunsford
LD: Brain metastases treated with radiosurgery alone: an alternative to
whole brain radiotherapy? Neurosurgery 52:1318 –1326, 2003.
16. Herfarth KK, Izwekowa O, Thilmann C, Pirzkall A, Delorme S, Hofmann U, Schadendorf D, Zierhut D, Wannenmacher M, Debus J:
Linac-based radiosurgery of cerebral melanoma metastases. Analysis of
122 metastases treated in 64 patients. Strahlenther Onkol 179:366 –
371, 2003.
17. Isokangas OP, Muhonen T, Kajanti M, Pyrhonen S: Radiation therapy of
intracranial malignant melanoma. Radiother Oncol 38:139 –144, 1996.
18. Jenrette JM: Malignant melanoma: the role of radiation therapy revisited. Semin Oncol 23:759 –762, 1996.
19. Koc M, McGregor J, Grecula J, Bauer CJ, Gupta N, Gahbauer RA:
Gamma Knife radiosurgery for intracranial metastatic melanoma: an
analysis of survival and prognostic factors. J Neurooncol 71:307–313,
2005.
20. Lavine SD, Petrovich Z, Cohen-Gadol AA, Masri LS, Morton DL,
O’Day SJ, Essner R, Zelman V, Yu C, Luxton G, Apuzzo ML: Gamma
knife radiosurgery for metastatic melanoma: an analysis of survival,
outcome, and complications. Neurosurgery 44:59 – 64, 1999.
21. Little JB, Hahn GM, Frindel E, Tubiana M: Repair of potentially lethal
radiation damage in vitro and in vivo. Radiology 106:689 – 694, 1973.
22. Manon R, O’Neill A, Knisely J, Werner-Wasik M, Lazarus HM, Wagner
H, Gilbert M, Mehta M: Phase II trial of radiosurgery for one to three
newly diagnosed brain metastases from renal cell carcinoma, melanoma,
and sarcoma: an Eastern Cooperative Oncology Group study (E 6397).
J Clin Oncol 23:8870 – 8876, 2005.
23. McWilliams RR, Brown PD, Buckner JC, Link MJ, Markovic SN:
Treatment of brain metastases from melanoma. Mayo Clin Proc 78:
1529 –1536, 2003.

© 2007 The Congress of Neurological Surgeons

Radiosurgery for Malignant Brain Metastases

24. Mehta MP, Tsao MN, Whelan TJ, Morris DE, Hayman JA, Flickinger
JC, Mills M, Rogers CL, Souhami L: The American Society for
Therapeutic Radiology and Oncology (ASTRO) evidence-based review
of the role of radiosurgery for brain metastases. Int J Radiat Oncol Biol
Phys 63:37– 46, 2005.
25. Meier S, Baumert BG, Maier T, Wellis G, Burg G, Seifert B, Dummer
R: Survival and prognostic factors in patients with brain metastases from
malignant melanoma. Onkologie 27:145–149, 2004.
26. Mingione V, Oliveira M, Prasad D, Steiner M, Steiner L: Gamma
surgery for melanoma metastases in the brain. J Neurosurg 96:544 –
551, 2002.
27. Mitchell MS: Relapse in the central nervous system in melanoma
patients successfully treated with biomodulators. J Clin Oncol 7:1701–
1709, 1989.
28. Mori Y, Kondziolka D, Flickinger JC, Kirkwood JM, Agarwala S,
Lunsford LD: Stereotactic radiosurgery for cerebral metastatic melanoma: factors affecting local disease control and survival. Int J Radiat
Oncol Biol Phys 42:581–589, 1998.
29. Noel G, Simon JM, Valery CA, Cornu P, Boisserie G, Ledu D, Hasboun
D, Tep B, Delattre JY, Marsault C, Baillet F, Mazeron JJ: Linac
radiosurgery for brain metastasis of melanoma. Stereotact Funct Neurosurg 79:245–255, 2002.
30. Overgaard J: The role of radiotherapy in recurrent and metastatic
malignant melanoma: a clinical radiobiological study. Int J Radiat
Oncol Biol Phys 12:867– 872, 1986.
31. Radbill AE, Fiveash JF, Falkenberg ET, Guthrie BL, Young PE, Meleth
S, Markert JM: Initial treatment of melanoma brain metastases using
gamma knife radiosurgery: an evaluation of efficacy and toxicity. Cancer 101:825– 833, 2004.
32. Sampson JH, Carter JH, Jr., Friedman AH, Seigler HF: Demographics,
prognosis, and therapy in 702 patients with brain metastases from
malignant melanoma. J Neurosurg 88:11–20, 1998.
33. Savas B, Arslan G, Gelen T, Karpuzoglu G, Ozkaynak C: Multidrug
resistant malignant melanoma with intracranial metastasis responding to
immunotherapy. Anticancer Res 19:4413– 4420, 1999.
34. Selek U, Chang EL, Hassenbusch SJ 3rd, Shiu AS, Lang FF, Allen P,
Weinberg J, Sawaya R, Maor MH: Stereotactic radiosurgical treatment
in 103 patients for 153 cerebral melanoma metastases. Int J Radiat
Oncol Biol Phys 59:1097–1106, 2004.
35. Seung SK, Sneed PK, McDermott MW, Shu HK, Leong SP, Chang S,
Petti PL, Smith V, Verhey LJ, Wara WM, Phillips TL, Larson DA:
Gamma knife radiosurgery for malignant melanoma brain metastases.
Cancer J Sci Am 4:103–109, 1998.
36. Somaza S, Kondziolka D, Lunsford LD, Kirkwood JM, Flickinger JC:
Stereotactic radiosurgery for cerebral metastatic melanoma. J Neurosurg 79:661– 666, 1993.
37. Stone A, Cooper J, Koenig KL, Golfinos JG, Oratz R: A comparison of
survival rates for treatment of melanoma metastatic to the brain. Cancer
Invest 22:492– 497, 2004.
38. Tarhini AA, Agarwala SS: Management of brain metastases in patients
with melanoma. Curr Opin Oncol 16:161–166, 2004.
39. Tsao H, Atkins MB, Sober AJ: Management of cutaneous melanoma.
N Engl J Med 351:998 –1012, 2004.
40. Warnick RE, Darakchiev BJ, Breneman JC: Stereotactic radiosurgery
for patients with solid brain metastases: current status. J Neurooncol
69:125–137, 2004.
41. Yu C, Chen JC, Apuzzo ML, O’Day S, Giannotta SL, Weber JS,
Petrovich Z: Metastatic melanoma to the brain: prognostic factors after
gamma knife radiosurgery. Int J Radiat Oncol Biol Phys 52:1277–
1287, 2002.

247

