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Brain metastases from malignant melanoma have a poor
prognosis, and treatment can be difficult because of rapid
progression of the disease. To help define the treatment of
this disease, we reviewed the published literature on brain
metastases from melanoma. If a solitary metastasis is
present, surgery might be beneficial, especially if systemic
disease is absent. Stereotactic radiosurgery is a less inva-
sive, attractive option for solitary or oligometastatic (up to
6) lesions. External beam whole-brain radiation therapy
can produce responses and frequently palliates symptoms,

KPS = Karnofsky performance score; RPA = recursive parti-
tioning analysis; WBRT = whole-brain radiation therapy

but as the sole therapy, it is unlikely to eradicate brain
metastases. Chemotherapy may be gaining a role with
newer agents that penetrate the blood-brain barrier. Com-
bined modality therapy appears to be the future direction
of treatment of multiple metastases.
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Brain metastases are common, often devastating conse-
quences of metastatic cutaneous melanoma. Autopsy

series have shown that 50% to 75% of those who die of
melanoma have evidence of metastatic disease in the brain
or meninges.1,2 Two thirds of such patients will receive
clinical diagnoses before death and will have symptoms of
headache, seizures, or hemorrhage3; the vast majority will
be unable to be weaned from corticosteroid therapy before
death.4 Overall, of those who die of melanoma, 20% to
55% die because of brain metastases.2,4,5 In addition, the
diagnosis of brain metastases confers an exceedingly poor
prognosis, with mean survival ranging from 2.75 to 4.0
months after diagnosis.3,4,6 Currently, most therapeutic tri-
als of melanoma exclude patients with brain metastases
because of their detrimental effect on survival rates.7 We
review the clinical data (Figure 1) on the treatment of brain
metastases in melanoma to date and discuss some potential
future treatment avenues.

TREATMENT MODALITIES
Surgery

One of the successful treatment methods for patients
with brain metastases in general, including those with
melanoma, is resection of a solitary metastasis. Because of
the vast improvement in imaging techniques that began

with the advent of computed tomography and magnetic
resonance imaging, identification of these patients has im-
proved substantially. Several large surgical series (Table 1)
were reported recently and are discussed subsequently.

In a Memorial Sloan-Kettering Cancer Center surgical
series of 91 patients identified during a period of 20 years,
the median durations of survival of selected patients who
underwent craniotomy were 6.7 months after surgery and
8.5 months after diagnosis of brain metastases.9 The 76
patients who had a resectable solitary metastasis survived
longer than those who had multiple metastases resected
(7.8 vs 5.4 months), although the difference was not statis-
tically significant (P=.12). Overall, 47% of patients died of
neurologic causes, including 15 with carcinomatous men-
ingitis. In fact, the duration of survival of those with lep-
tomeningeal involvement was half that of those without
such involvement (4.7 vs 9.0 months). Forty patients had
no recurrence of their brain metastases, with a median
survival of 8.3 months.9

Another series reviewed 147 patients, 84% of whom had
a solitary metastasis.11 Gross total resection was accom-
plished in 85%, and only 27% died of intracranial disease.
This statistic is especially remarkable because the criteria
for surgery required either stable or absent distant me-
tastases. Surgical morbidity was infrequent, with 4 patients
requiring additional surgery because of bleeding and 6
because of wound infections. Five patients died within 30
days of surgery, including 3 who died of progression of
brain metastases in tumors that could not be fully resected.
Sixty-six patients (45%) had no recurrence of brain me-
tastases, although their median survival was only 6 months.
The main variable affecting survival was the number of
intracranial metastases, with 1, 2, or more than 2 sites
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conferring survival of 8, 6, and 3.5 months, respectively.
These differences were statistically significant. Thirteen
patients (age range, 17-72 years) survived at least 3 years
after surgery for a solitary metastasis. All had macroscopic
total resections and underwent postoperative whole-brain
radiation therapy (WBRT).11

A series from Duke University Medical Center reported
median survival of 8.2 months in 118 patients with a soli-
tary metastasis who underwent resection.8 This was signifi-
cantly longer than in those with a solitary brain metastasis
who underwent external beam radiation alone (4.2
months). The authors reported that 50% of patients who
underwent surgery had neurologic improvement, 19% had
no change, and 22% experienced worsening neurologic
symptoms. During the postoperative period, the risk of
death or life-threatening morbidity was 8.6%.8

A series from Roswell Park Cancer Center described 32
patients who underwent surgical resection.10 Median sur-
vival was poor (5 months), although 1-year survival was
28.3%. For those receiving nonsurgical treatment (chemo-
therapy or radiation), median survival was 3 months, and
6.6% survived for 1 year. For those undergoing no treatment,
median survival was 1 month, and 3.5% survived for 1 year.10

Selection bias is inherent in retrospective surgical se-
ries; therefore, data on survival must be reviewed with that
bias in mind. However, in the above-mentioned series and
other smaller series, the number of long-term survivors
among patients with a resected solitary metastasis and the
decreased percentages of those dying of their brain me-
tastases compared with historical controls argue in favor of
surgical resection.12-15 Additionally, 2 prospective random-
ized trials of patients with a solitary brain metastasis (of

Figure 1. Clinical treatment of brain metastases from melanoma. CNS = central nervous system; WBRT = whole-brain radiation
therapy.
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Table 1. Summary of Surgical Series of Patients With Brain Metastases*

Median Deaths Recurrence Long-
survival due to of brain term Symptoms Deaths

                 % of patients with after brain metastases survivors at within
No. of Solitary Extracranial resection metastases after (>3 y) Median presentation 30 days of

Reference patients metastases disease (mo) (%) surgery (%) (%) age (y) (%) surgery (%)

Sampson et al,8 118 85 46† 8.2 95† NR 12.1 NR 93 8.6 (includes
 1998 life-

threatening
morbidity)

Wronski &
 Arbit,9 2000 91 76 37 6.7 (overall) 47 44 8.8 47 95 14.2

Konstadoulakis
et al,10 2000 32 84 NR        5.0 NR NR 4.4 47 NR NR

Zacest et al,11

2002 147 84 56 8.5 (overall)‡ 27 55 8.8 53 99 3.4

* NR = not reported.
†Data from overall numbers of patients with brain metastases from melanoma when those numbers for patients who underwent craniotomy only were not

available.
‡Median survival was 9.9 months in 124 patients with 1 metastasis and 5.6 months in 23 patients with more than 1 metastasis.

several different eligible primary cancers including mela-
noma) showed that surgical resection combined with postop-
erative WBRT provided significantly longer survival than
WBRT alone for patients with a highly resectable solitary
metastasis.16,17 In addition to improving survival, surgery
may decrease morbidity of the disease because a decrease in
neurologic symptoms has been reported consistently.8,18

On the basis of the aforementioned data, there appears
to be a role for surgical resection of a solitary metastasis of
melanoma in the brain because of a considerable possibility
of eradicating the disease. For patients with multiple me-
tastases, the data are less convincing. These patients should
be selected carefully, although surgery may be necessary
for lesions that cause severe symptoms such as hydroceph-
alus or refractory seizures not amenable to other therapeu-
tic interventions.

External Beam WBRT
Melanoma has been considered relatively resistant to

radiotherapy. In 1971, in vitro data showed resistance to
radiation among melanoma cell lines.19 However, in the
absence of other effective modalities for treatment of mul-
tiple metastases to the brain, external beam WBRT has
been used to treat these patients. Retrospective and pro-
spective studies have assessed the efficacy of external
beam WBRT for brain metastases, the largest of which are
summarized in Table 2.

In a recent series from the M. D. Anderson Cancer
Center, Ellerhorst et al22 reported outcomes in 65 patients
with multiple metastases treated with doses ranging from
15 to 50 Gy divided into 4 to 25 fractions, although most
patients (61%) received 30 Gy in 10 fractions. Of the 28
patients assessed by imaging studies after therapy, 36%

had decreases in lesion sizes; 9% had complete responses,
and 35% had stable disease. Of the 65 patients, 52% were
able to have their corticosteroid therapy for symptoms
discontinued, although palliation of symptoms was ob-
scured by the corticosteroid use. Median survival was 4.4
months from initiation of radiation therapy, and causes of
death were not reported.22

In a retrospective analysis from Norway,21 39 patients
with brain metastases from melanoma were treated with
33.6 to 50 Gy over 7 to 31 fractions, and 21 patients had an
objective clinical improvement. Of 12 patients who had
follow-up imaging, 6 had regression of disease. Patients
who received concomitant dacarbazine and carmustine
chemotherapy may have had slightly better improvement,
although no statistical analysis was performed. Median
survival for the entire group was 2 months.21 Other similar
retrospective studies of patients treated with external beam
WBRT alone showed similar improvements in symptoms
but dismal median survival times of 2 to 3 months.24-27

In 1980, 2 prospective studies from the Radiation
Therapy Oncology Group regarding the use of external
beam WBRT for melanoma metastatic to the brain were
reported together.20 The treatment schedules were varied
(although thought to be equivalent), and the use of chemo-
therapy and corticosteroids was not controlled. Nonethe-
less, the authors reported symptomatic improvement with
regard to headache (73%), seizures (83%), motor loss
(61%), and impaired mentation (62%). The use of cortico-
steroids or chemotherapy did not alter the outcome. Two
thirds of patients died of progression of their brain me-
tastases. Median survival for all patients was 2.8 months.20

In a series from the Cleveland Clinic, 74 patients with
brain metastases from melanoma were examined and, im-
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Table 2. Summary of Series of Patients Treated With and Without WBRT*
Median survival

No. of Median Dosage/schedule With WBRT Without WBRT
Reference  patients age (y) (Gy/fractions) (mo)  (mo)

Carella et al,20 1980 60 NR 10-40/1-28 2.8 NA
Stridsklev et al,21 1984 39 47 33.6-50/7-31 2.0 NA
Sampson et al,8 1998 180 NR 15-60/NR 3.9 3.6

(majority, 30/10)
Ellerhorst et al,22 2001 65; 7 had solitary lesions, 45 15-50/4-25 4.4 NA

30 had ≥5 lesions
Buchsbaum et al,23 2002 74 53 22-55/NR 6.1 3.9

(majority, 30/10)

*NA = not applicable; NR = not reported; WBRT = whole-brain radiation therapy.

portantly, stratified by the Radiation Therapy Oncology
Group’s recursive partitioning analysis (RPA).28 The RPA,
developed to stratify patients with brain metastases by risk,
categorizes patients according to the Karnofsky perfor-
mance score (KPS), extracranial disease, and patient age.
Patients in class 1 (age <65 years, KPS >70, controlled
primary cancer, and no extracranial metastases) have the
longest survival; those in class 2 (all others not meeting
criteria for class 1 or 3) have intermediate survival; and
those in class 3 (KPS <70) fare poorest.28 In this retrospec-
tive series, survival expectedly correlated with RPA class:
10.5, 5.9, and 1.8 months for classes 1, 2, and 3, respec-
tively. Overall survival was 5.5 months. Patients were also
categorized into those who received WBRT alone, local
therapy alone (surgery or radiosurgery), both, or no
therapy. Those who received both interventions survived
longer (8.8 months) than those who received radiation
alone (2.3 months), local therapy alone (4.8 months), or no
therapy (1.1 months). However, those in the combined
WBRT/local therapy category were much more likely than
those in the other categories to be in RPA class 1 (30% vs
3%) and less likely to be in class 3 (0% vs 34%). The
numbers were too small to analyze interventions by RPA
class.23

External beam WBRT clearly has some benefit with
regard to palliation of symptoms, but patients who receive
this therapy frequently die of neurologic causes due to
progression of their intracranial disease. Clearly, an im-
provement in this modality or augmentation with other
therapeutic modalities is needed.

Because melanoma is relatively resistant to radiation
therapy and experimental cell survival curves have also
shown radioresistance, many different fractionation
schemes have been devised with larger doses per frac-
tion.19,29-31 However, a review of several retrospective se-
ries reveals that no fractionation schedule is superior to the
more standard fractionation schedule of 30 Gy in 10 frac-
tions, with more toxicity in the higher-dose fractionation
schedules.14,15,32

With regard to the utility of external beam WBRT after
surgical resection, to our knowledge, no prospective study
has included a sufficient number of patients with mela-
noma metastases.33 One retrospective comparison of 35
patients undergoing resection of a solitary metastasis
showed lower mortality as a result of brain metastases
(24% in the treated group vs 85% in the untreated group) in
those treated with external beam WBRT after surgery.34 By
contrast, another retrospective series showed neither a de-
crease in central nervous system recurrence nor prolongation
of survival,9 and another noted an insignificant increase in
survival and decreased risk of subsequent neurologic symp-
toms.8 There is a need for a prospective randomized trial of
external beam WBRT in the postoperative setting because
its role is not clearly established, although some retrospec-
tive data appear suggestive.

Stereotactic Radiosurgery
Given the ability to focus high-intensity radiotherapy in

a small area, this technique is increasingly being used in the
management of unresectable solitary or oligometastatic
disease in the brain in patients with good performance
status and stable or absent systemic disease. Stereotactic
radiosurgery is an especially attractive alternative to sur-
gery, especially for lesions with no appreciable mass effect
and for patients with more than 2 lesions or unresectable
lesions. The first series,35 published in 1993, reported 23
patients with lesions smaller than 3 cm in diameter (19 with
a solitary metastasis and 4 with multiple lesions) who
underwent gamma knife radiosurgery in addition to exter-
nal beam WBRT (30 Gy/10 fractions). Nineteen died of
systemic disease, 1 died of intracerebral hemorrhage, and
there were only 2 intracranial recurrences. One patient
required craniotomy for hemorrhage into a tumor bed.
Median survival was 9 months.35

Subsequent series have shown similar, although not
quite as dramatic, results. In a series from the University of
California in San Francisco reported in 1996,36 40 patients
were treated, although most had multiple metastases. The
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gamma knife was used in varying capacities: as a rescue for
progression after WBRT or surgery, after WBRT as a
boost, and alone. Overall, only 3 patients died of recurrent
tumors at the sites of treatment, and 5 died of new areas of
progression in the brain. Median survival was 35 weeks.36

In a similar study, Brown et al37 reviewed the gamma knife
radiosurgery experience in 23 consecutive patients (most
had multiple metastases) treated at the Mayo Clinic. The
local control rate was 91%, and the median survival time
after radiosurgery was 9.7 months. One small study of 12
patients suggested that efficacy was diminished with le-
sions larger than 1.0 cm,38 but 3 subsequent series noted no
such observation, with local control rates of greater than
90% despite lesions up to 3.5 cm.37,39,40 Rates of hemor-
rhage into treated tumor beds were less than 10% in these
same studies. Stabilization or improvement in neurologic
symptoms was noted in 78% to 100% of treated patients.39,40

In a recent series, 18% of lesions progressed locally, al-
though 6 of 45 patients who had a solitary metastasis in the
brain and no visceral disease were alive at the end of the
study, with survival ranging from 14 to 82 months.41

Overall, local control with stereotactic radiosurgery is
excellent, and this method is less invasive than craniotomy.
Long-term survival has been shown in patients with brain-
only metastases, and the treatment is relatively well toler-
ated. Whole-brain radiation therapy in concert with radio-
surgery has been shown to prevent new lesions but not to
improve survival.39,41

Chemotherapy
Given the poor overall response rate to chemotherapy

for melanoma metastatic to extracerebral sites,42 it is not
surprising that chemotherapy alone has been primarily un-
successful in treating brain metastases. One prospective
study showed a 0% response rate with cisplatin and
etoposide compared with a 39% response rate in patients
with brain metastases from breast cancer and a 30% re-
sponse rate in non–small cell lung cancer.43 Carmustine, a
nitrosourea with modest activity against extra–central ner-
vous system melanoma,44 has been used with little success
in melanoma metastatic to the brain,45 ostensibly in part due
to poor penetration of the blood-brain barrier.46

Subsequently, attempts have been undertaken to iden-
tify agents that cross into the central nervous system in
adequate quantities to have an antitumor effect. Fote-
mustine, a nitrosourea with high central nervous system
penetration, was an early candidate. Phase 2 European
studies suggested response rates for brain lesions from 12%
to 25%.47,48 In one study,47 response rates decreased from
12% to 5% as the eligibility criteria were loosened to make
the drug more available to the population. Fotemustine is
not available in the United States.

Temozolomide, a dacarbazine analogue with high cen-
tral nervous system penetration, was recently approved by
the US Food and Drug Administration for use in primary
brain tumors because of the effective central nervous sys-
tem concentrations of its active metabolite, 5-(3-methyl-
triazen-1-yl) imidazole-4-carboximide.49 One case of a
complete response of multiple brain metastases from mela-
noma after 6 cycles of temozolomide has been reported.50

Interestingly, the patient had a complete extra–central ner-
vous system response to a combination of dacarbazine,
interferon α, and cisplatin 2 months prior but had a relapse
only in the brain, perhaps illustrating the superior central
nervous system concentration of temozolomide and the
unusual sensitivity to chemotherapy of this patient’s mela-
noma.50 Nonetheless, the role of chemotherapy is still lim-
ited in melanoma, with temozolomide producing a re-
sponse rate of 12%.51

The combination of thalidomide, an antiangiogenesis
agent, and temozolomide is being explored for activity in
brain metastases from melanoma because of the very
vascular nature of these tumors. One complete response
in a patient with multiple brain metastases and lepto-
meningeal disease in a series of 16 patients treated at
Memorial Sloan-Kettering Cancer Center was reported.52

Good tolerability prompted further study of this combina-
tion, and preliminary reports from a phase 2 trial from the
Cytokine Working Group were reported at the meeting of
the American Society of Clinical Oncology in 2003.53 In
24 patients, 2 complete responses and 1 partial response
were noted. Among frequent toxic effects noted were
tremors, thrombosis, neuromotor effects, nausea, and
neurosensory problems.52,53 The neurologic adverse ef-
fects of thalidomide are of concern regarding quality of
life in patients who may be symptomatic from their brain
metastases, although further study of this combination
appears warranted.

Combination Therapy: Chemotherapy and External
Beam WBRT

The combination of chemotherapy with external beam
WBRT is being actively explored. A European study
evaluated the role of fotemustine (100 mg/m2 on days 1, 8,
and 15) in patients with brain metastases with or without
WBRT (37.5 Gy in 15 fractions).54 The response rate (7.4%
with fotemustine alone vs 10.0% with fotemustine and
WBRT) and survival (86 vs 105 days) showed a trend
toward being higher in the combination therapy arm, al-
though the difference was not statistically significant.54

Two phase 2 trials have been reported using concomitant
temozolomide and radiation therapy followed by temo-
zolomide alone. In the first study,55 20 patients were treated
with daily temozolomide (60 mg/[m2 • day]), and given ten
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300-cGy fractions of WBRT with a 6- to 9-cGy boost,
followed by standard-dose temozolomide (200 mg/m2 for 5
days monthly for 6 months) after radiation. The response
rate was 55%, with a brain tumor control rate (response rate
plus stable disease) of 85% at 3 months. Fourteen patients
were alive at 8 months, and only 1 grade 3 toxic effect
(thrombocytopenia) was noted. No deaths due to toxicity
were noted.55 A multicenter US trial of 31 patients used a
daily dose of temozolomide of 75 mg/m2 for 6 of 10 weeks,
starting with initiation of radiation and WBRT at a dose of
300 cGy for 10 fractions without a boost.49 This was fol-
lowed by the same schedule of temozolomide repeated
every 10 weeks instead of the 5-day monthly regimen. The
response rate was lower, only 10%, and median survival
was 6 months, with median progression-free survival of 2
months. One patient died of neutropenic sepsis, but the
treatment was otherwise well tolerated.49 The reason for the
disparity in these 2 studies is unclear and may be due to
small sample sizes and statistical variation. However, the
differences of boost treatment to tumor sites and the differ-
ing schedules of temozolomide are also possibilities. The
combined modality approach appears promising and seems
to be reasonably well tolerated. Further study is certainly
warranted.

Immunotherapy
Immunotherapy alone for brain metastases from mela-

noma is fraught with the same challenges as chemotherapy
alone: unclear levels of drug activity in the central nervous
system and low overall response rates. The safety of high-
dose interleukin 2 in these patients was shown in a retro-
spective review by the National Cancer Institute,56 and
some efficacy was noted (5.6% response rate); however,
those with brain metastases had a lower overall response
rate than those without. This will likely contribute to con-
tinued exclusion of patients with brain metastases from
many clinical trials of immunotherapy.

CONCLUSIONS
Brain metastases from malignant melanoma are often ter-
minal complications of advanced disease. The rapid pro-
gression and tendency of such metastases to bleed make
treatment problematic, and cessation of their progression is
paramount to improving patient survival and quality of life.
Given the frequency of brain metastases in patients with
metastatic melanoma, screening for brain lesions with
magnetic resonance imaging in those with good perfor-
mance scores is an unproven, although tempting, proposal.
As more successful interventions are used and in light of
the morbidity of brain metastases, more clinicians will
likely image the brains of asymptomatic patients with
metastatic melanoma.

The paucity of prospective randomized trials regarding
brain metastases from melanoma makes treatment of pa-
tients with this diagnosis difficult. In the setting of a symp-
tomatic solitary metastasis, surgery is likely of some ben-
efit. However, the yield for this modality decreases with
multiple metastases, and a reasonable cutoff is 3 lesions,
only if they are accessible through a maximum of 2 crani-
otomy sites.

Stereotactic radiosurgery for solitary lesions smaller
than 3 to 3.5 cm without mass symptoms is an excellent
alternative to surgery because of its low morbidity, and
surgery is still an option if a rescue is needed. Radiosurgery
may also play a role in patients with oligometastatic dis-
ease (generally up to 6 lesions) or unresectable lesions and
in patients who are too ill for craniotomy. Certainly, in
patients with a good performance status and a reasonably
small number of lesions (≤6), neurosurgical consultation
with a surgeon experienced in radiosurgery and microsur-
gery should be considered. For patients with several lesions
but one dominant tumor who are primarily symptomatic,
surgical excision of the dominant tumor with radiosurgery
for the remainder would be a reasonable approach. For
patients who have had local therapies for brain metastases,
monitoring lesions by magnetic resonance imaging at 3-
month intervals is a reasonable approach because these
patients are at risk of development of subsequent me-
tastases, and rescue by surgery, radiosurgery, or WBRT is
often a feasible strategy.

The use of WBRT in patients with lesions not amenable
to local therapies is appropriate because some patients
experience improvement in quality of life. However, the
low response rate and limited effect on survival suggest a
clear need for improvement. The role of adjuvant WBRT
after surgery and radiosurgery has not been proved, al-
though WBRT is used often. In this setting, the possibility
of radiation-induced dementia should be considered,57 be-
cause of the potential, albeit small, of long-term survival
after successful treatment of brain metastases.8,9,11 For now,
the decision to use WBRT in the adjuvant setting must
weigh the unproven possibility of decreasing the risk of
recurrence against the long-term complications, and a dis-
cussion of these factors between the clinician and the pa-
tient is necessary.

Chemotherapy, specifically temozolomide, may play a
role in augmenting the benefit of WBRT, and combined
modality approaches appear to be promising avenues for
future investigations. Prospective randomized trials would
provide the best guidance for treatment of this disease, but
in their absence, RPA stratification may provide the most
helpful means of comparison between groups with differ-
ing interventions. Future series would be most helpful if
this analysis were included, and prospective trials should
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include this stratification. The need for improvement in
treatment of these patients is evident in their poor survival
rates, and an evidence-based approach is a sine qua non to
this end.

REFERENCES
1. de la Monte SM, Moore GW, Hutchins GM. Patterned distribution

of metastases from malignant melanoma in humans. Cancer Res.
1983;43:3427-3433.

2. Patel JK, Didolkar MS, Pickren JW, Moore RH. Metastatic pattern
of malignant melanoma: a study of 216 autopsy cases. Am J Surg.
1978;135:807-810.

3. Amer MH, Al-Sarraf M, Baker LH, Vaitkevicius VK. Malignant
melanoma and central nervous system metastases: incidence, diag-
nosis, treatment and survival. Cancer. 1978;42:660-668.

4. Byrne TN, Cascino TL, Posner JB. Brain metastasis from mela-
noma. J Neurooncol. 1983;1:313-317.

5. Budman DR, Camacho E, Wittes RE. The current causes of death
in patients with malignant melanoma. Eur J Cancer. 1978;14:327-
330.

6. Einhorn LH, Burgess MA, Vallejos C, et al. Prognostic correlations
and response to treatment in advanced metastatic malignant mela-
noma. Cancer Res. 1974;34:1995-2004.

7. National Cancer Institute. PDQ. Available at: http://cancer.gov/
search/clinical_trials. Accessibility verified October 17, 2003.

8. Sampson JH, Carter JH Jr, Friedman AH, Seigler HF. Demograph-
ics, prognosis, and therapy in 702 patients with brain metastases
from malignant melanoma. J Neurosurg. 1998;88:11-20.

9. Wronski M, Arbit E. Surgical treatment of brain metastases from
melanoma: a retrospective study of 91 patients. J Neurosurg.
2000;93:9-18.

10. Konstadoulakis MM, Messaris E, Zografos G, Androulakis G,
Karakousis C. Prognostic factors in malignant melanoma patients
with solitary or multiple brain metastases: is there a role for sur-
gery? J Neurosurg Sci. 2000;44:211-218.

11. Zacest AC, Besser M, Stevens G, Thompson JF, McCarthy WH,
Culjak G. Surgical management of cerebral metastases from mela-
noma: outcome in 147 patients treated at a single institution over
two decades. J Neurosurg. 2002;96:552-558.

12. Katz HR. The relative effectiveness of radiation therapy, cortico-
steroids, and surgery in the management of melanoma metastatic to
the central nervous system. Int J Radiat Oncol Biol Phys. 1981;
7:897-906.

13. Bremer AM, West CR, Didolkar MS. An evaluation of the surgical
management of melanoma of the brain. J Surg Oncol. 1978;10:211-
219.

14. Rate WR, Solin LJ, Turrisi AT. Palliative radiotherapy for meta-
static malignant melanoma: brain metastases, bone metastases, and
spinal cord compression. Int J Radiat Oncol Biol Phys. 1988;
15:859-864.

15. Ziegler JC, Cooper JS. Brain metastases from malignant mela-
noma: conventional vs high-dose-per-fraction radiotherapy. Int J
Radiat Oncol Biol Phys. 1986;12:1839-1842.

16. Patchell RA, Tibbs PA, Walsh JW, et al. A randomized trial of
surgery in the treatment of single metastases to the brain. N Engl J
Med. 1990;322:494-500.

17. Noordijk EM, Vecht CJ, Haaxma-Reiche H, et al. The choice of
treatment of single brain metastasis should be based on extracranial
tumor activity and age. Int J Radiat Oncol Biol Phys. 1994;29:711-
717.

18. Wornom IL III, Smith JW, Soong SJ, McElvein R, Urist MM,
Balch CM. Surgery as palliative treatment for distant metastases of
melanoma. Ann Surg. 1986;204:181-185.

19. Barranco SC, Romsdahl MM, Humphrey RM. The radiation re-
sponse of human malignant melanoma cells grown in vitro. Cancer
Res. 1971;31:830-833.

20. Carella RJ, Gelber R, Hendrickson F, Berry HC, Cooper JS. Value
of radiation therapy in the management of patients with cerebral
metastases from malignant melanoma: Radiation Therapy Oncol-
ogy Group Brain Metastases Study I and II. Cancer. 1980;45:679-
683.

21. Stridsklev IC, Hagen S, Klepp O. Radiation therapy for brain
metastases from malignant melanoma. Acta Radiol Oncol.
1984;23:231-235.

22. Ellerhorst J, Strom E, Nardone E, McCutcheon I. Whole brain
irradiation for patients with metastatic melanoma: a review of 87
cases. Int J Radiat Oncol Biol Phys. 2001;49:93-97.

23. Buchsbaum JC, Suh JH, Lee SY, Chidel MA, Greskovich JF,
Barnett GH. Survival by radiation therapy oncology group recur-
sive partitioning analysis class and treatment modality in patients
with brain metastases from malignant melanoma: a retrospective
study. Cancer. 2002;94:2265-2272.

24. Madajewicz S, Karakousis C, West CR, Caracandas J, Avellanosa
AM. Malignant melanoma brain metastases: review of Roswell
Park Memorial Institute experience. Cancer. 1984;53:2550-2552.

25. Gottlieb JA, Frei E III, Luce JK. An evaluation of the management
of patients with cerebral metastases from malignant melanoma.
Cancer. 1972;29:701-705.

26. Fell DA, Leavens ME, McBride CM. Surgical versus nonsurgical
management of metastatic melanoma of the brain. Neurosurgery.
1980;7:238-242.

27. Cooper JS, Carella R. Radiotherapy of intracerebral metastatic
malignant melanoma. Radiology. 1980;134:735-738.

28. Gaspar L, Scott C, Rotman M, et al. Recursive partitioning analysis
(RPA) of prognostic factors in three Radiation Therapy Oncology
Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol
Phys. 1997;37:745-751.

29. Hornsey S. The radiation response of human malignant melanoma
cells in vitro and in vivo. Cancer Res. 1972;32:650-651.

30. Rofstad EK. Radiation biology of malignant melanoma. Acta
Radiol Oncol. 1986;25:1-10.

31. Hornsey S. The radiosensitivity of melanoma cells in culture. Br J
Radiol. 1972;45:158.

32. Vlock DR, Kirkwood JM, Leutzinger C, Kapp DS, Fischer JJ.
High-dose fraction radiation therapy for intracranial metastases of
malignant melanoma: a comparison with low-dose fraction
therapy. Cancer. 1982;49:2289-2294.

33. Patchell RA, Tibbs PA, Regine WF, et al. Postoperative radio-
therapy in the treatment of single metastases to the brain: a random-
ized trial. JAMA. 1998;280:1485-1489.

34. Hagen NA, Cirrincione C, Thaler HT, DeAngelis LM. The role of
radiation therapy following resection of single brain metastasis
from melanoma. Neurology. 1990;40:158-160.

35. Somaza S, Kondziolka D, Lunsford LD, Kirkwood JM, Flickinger
JC. Stereotactic radiosurgery for cerebral metastatic melanoma. J
Neurosurg. 1993;79:661-666.

36. Seung SK, Shu HK, McDermott MW, Sneed PK, Larson DA.
Stereotactic radiosurgery for malignant melanoma to the brain.
Surg Clin North Am. 1996;76:1399-1411.

37. Brown PD, Brown CA, Pollock BE, Gorman DA, Foote RL. Ste-
reotactic radiosurgery for patients with “radioresistant” brain me-
tastases. Neurosurgery. 2002;51:656-665.

38. Gieger M, Wu JK, Ling MN, Wazer D, Tsai JS, Engler MJ. Re-
sponse of intracranial melanoma metastases to stereotactic radio-
surgery. Radiat Oncol Investig. 1997;5:72-80.

39. 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. 1998;42:581-589.

40. Lavine SD, Petrovich Z, Cohen-Gadol AA, et al. Gamma knife
radiosurgery for metastatic melanoma: an analysis of survival,
outcome, and complications. Neurosurgery. 1999;44:59-64.

41. Mingione V, Oliveira M, Prasad D, Steiner M, Steiner L. Gamma
surgery for melanoma metastases in the brain. J Neurosurg.
2002;96:544-551.

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.



Mayo Clin Proc, December 2003, Vol 781536 Treatment of Brain Metastases From Melanoma

42. Pavlick AC. Chemotherapy approaches to melanoma. Dermatol
Clin. 2002;20:709-712.

43. Franciosi V, Cocconi G, Michiara M, et al. Front-line chemo-
therapy with cisplatin and etoposide for patients with brain me-
tastases from breast carcinoma, nonsmall cell lung carcinoma, or
malignant melanoma: a prospective study. Cancer. 1999;85:1599-
1605.

44. Beretta G, Bonadonna G, Cascinelli N, Morabito A, Veronesi U.
Comparative evaluation of three combination regimens for ad-
vanced malignant melanoma: results of an international coopera-
tive study. Cancer Treat Rep. 1976;60:33-40.

45. Madajewicz S, West CR, Park HC, et al. Phase II study—intra-
arterial BCNU therapy for metastatic brain tumors. Cancer.
1981;47:653-657.

46. Boaziz C, Breau JL, Morere JF, Israel L. Brain metastases of
malignant melanomas [in French]. Bull Cancer. 1991;78:347-353.

47. Kleeberg UR, Engel E, Israels P, et al. Palliative therapy of mela-
noma patients with fotemustine: inverse relationship between tu-
mour load and treatment effectiveness: a multicentre phase II trial
of the EORTC-Melanoma Cooperative Group (MCG). Melanoma
Res. 1995;5:195-200.

48. Jacquillat C, Khayat D, Banzet P, et al. Final report of the French
multicenter phase II study of the nitrosourea fotemustine in 153
evaluable patients with disseminated malignant melanoma includ-
ing patients with cerebral metastases. Cancer. 1990;66:1873-1878.

49. Margolin K, Atkins B, Thompson A, et al. Temozolomide and
whole brain irradiation in melanoma metastatic to the brain: a phase
II trial of the Cytokine Working Group. J Cancer Res Clin Oncol.
2002;128:214-218.

50. Biasco G, Pantaleo MA, Casadei S. Treatment of brain metastases
of malignant melanoma with temozolomide [letter]. N Engl J Med.
2001;345:621-622.

51. Middleton MR, Grob JJ, Aaronson N, et al. Randomized phase III
study of temozolomide versus dacarbazine in the treatment of
patients with advanced metastatic malignant melanoma [published
correction appears in J Clin Oncol. 2000;18:2351]. J Clin Oncol.
2000;18:158-166.

52. Hwu WJ, Raizer J, Panageas KS, Lis E. Treatment of metastatic
melanoma in the brain with temozolomide and thalidomide. Lancet
Oncol. 2001;2:634-635.

53. Hwu W-J, Krown SE, Lis E, et al. Phase II study of temozolomide
(TMZ) plus thalidomide in patients with brain metastasis from
malignant melanoma [abstract]. Program Proc Am Soc Clin Oncol.
2003;22:720. Abstract 2894.

54. Mornex F, Thomas L, Mohr P, et al. Randomized phase III trial of
fotemustine versus fotemustine plus whole brain irradiation in cerebral
metastases of melanoma [in French]. Cancer Radiother. 2003;7:1-8.

55. Dardoufas C, Miliadou A, Skarleas C, et al. Concomitant
temozolomide (TMZ) and radiotherapy (RT) followed by adjuvant
treatment with temozolomide in patients with brain metastases
from solid tumours [abstract]. Program Proc Am Soc Clin Oncol.
2001;20:75b. Abstract 2048.

56. Guirguis LM, Yang JC, White DE, et al. Safety and efficacy of
high-dose interleukin-2 therapy in patients with brain metastases. J
Immunother. 2002;25:82-87.

57. Crossen JR, Garwood D, Glatstein E, Neuwelt EA. Neurobehavioral
sequelae of cranial irradiation in adults: a review of radiation-in-
duced encephalopathy. J Clin Oncol. 1994;12:627-642.

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.


