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Abstract. The brain is one of the most frequent locations of
metastasis in malignant melanoma. We aimed to identify prog-
nostic factors for overall survival (OS) and local tumor control
(LC) in patients with malignant melanoma metastasized to the
brain treated by multimodal therapy. All patients diagnosed
with malignant melanoma brain metastases between 1992
and 2011 at a single center were registered (n=100, 65% male,
35% female). OS and LC of individual brain metastases were
retrospectively analyzed. Subgroup analyses was performed
in patients with multiple brain metastasis (n=35) and LC per
lesion (n=72) was evaluated in 37 patients. Median age was
57 (27-81) years. Fifty-three percent of patients had 1-2 brain
metastases, 47% had >2 and 71% presented with additional
extracranial metastases. Primary treatment included systemic
therapy alone (temozolomide/fotemustine, 14%), local therapy
(surgery and/or stereotactic radiotherapy, 25%), whole-brain
radiotherapy (WBRT, 10%), combined WBRT and systemic
therapy (18%), local therapy plus WBRT (5%) and combination
of local and systemic therapy (8%). Three percent received a
tri-modal therapy (WBRT, local and systemic therapy) and
17% refused treatment. Median follow-up in surviving patients
was 32 (4-222) months, median OS in all patients 3.9 months
(1-year survival 21.4%). Local therapy (p<0.001), systemic
therapy (p=0.002), number of brain metastases and primary
therapy including a local therapy (p<0.001) were significantly
associated with OS. In the subgroup with multiple brain
metastases (n=35), a trend (p=0.058) for improved OS after
initial treatment with WBRT plus systemic therapy was noted
(median OS 3.8 months) and use of these two modalities over
the course of the disease was significantly associated with
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OS (p=0.007). The best LC per single lesion (n=37) could
be achieved by combination of local with systemic therapy
(p=0.011). Number of brain metastases, extracranial metas-
tases and use of local therapy are independent prognostic
factors in melanoma metastatic to the brain. LC and OS can
be improved by combining local with systemic treatment. In
patients with multiple brain metastases, WBRT plus systemic
therapy provides superior OS.

Introduction

Malignant melanoma is one of the most common causes of
brain metastases (1-3) which is reported in 10-40% of mela-
noma patients (4-6). Lifetime incidence of central nervous
system (CNS) involvement in patients with malignant
melanoma is reported with ~10% in the literature (7,8) and
drastically limits prognosis: survival of untreated patients is
only weeks, treated patients will live <1 year despite a small
number of long-term survivors with a 10-year survival <10%
(9-12). Patients with multiple brain metastases have a reported
OS of 3-4 months (10,13).

Brain metastasis is the main cause of mortality and
morbidity among patients with metastatic melanoma (13,14)
where 73% of patients who died from malignant melanoma
showed subclinical brain involvement as evidenced by autopsy
(14-16).

Few studies elucidated potential risk factors for the devel-
opment of brain metastases in malignant melanoma including
gender, Breslow thickness, ulceration, melanoma location,
histological type, certain genetic alterations (i.e., BRAF muta-
tion) and positive sentinel node (7,17-19).

There are data from randomized trials comparing whole-
brain radiotherapy (WBRT) and chemotherapy in patients
with melanoma metastatic to the brain where treatment deci-
sion depends on clinical factors such as size, location, number
of metastases, disease extent but also performance status and
the age of the patients (20-22). Treatment approaches to meta-
static malignant melanoma include systemic therapy (23,24) as
well as local treatment such as stereotactic radiotherapy (25)
and surgery (26,27) for patients with solitary brain metastasis
and absent or stable extracranial disease (28). Patients with
inoperable or multiple brain metastases may be candidates for
WBRT (29) which is also part of the multimodal treatment



2440

concept of metastatic malignant melanoma (21,30,31) with an
expected median survival of 2.5-4 months after hypofraction-
ated radiotherapy (32) as opposed to steroid therapy alone
(33,34). However, both the treatment sequence and the deci-
sion for a validated standard approach of combined therapy in
metastasized melanoma can be challenging (35,36).

The objective of this single-center retrospective clinical
study was to identify potential prognostic factors for OS and
LC and to investigate the influence of different treatment
modalities in patients with malignant melanoma metastatic to
the brain.

Materials and methods

We retrospectively analyzed 100 consecutive patients with
histologically confirmed malignant melanoma who presented
with metastases at Martin Luther University Halle-Wittenberg,
Department of Radiation Oncology or Department of
Dermatology between April 1992 and October 2011. A posi-
tive vote was given and the study was approved by the ethics
committee of the Medical Faculty of the Martin Luther
University Halle-Wittenberg. Sociodemographic and clinical
patient data were collected from the patients' charts, the intra-
cranial course of disease was evaluated with CT or MRI and
survival status was obtained for each patient via local citizen
registration offices.

Endpoints in this study were overall survival (OS, from
initial diagnosis of brain metastasis until death or last seen),
local tumor control per single lesion (LC, i.e., no size increase
of present metastases, absence of recurrence of treated
metastases and of hemorrhage) and intracranial tumor control
(absence of recurrence of treated metastases, absence of new
metastases, absence from size increase and hemorrhage of
present brain metastases). Tumor control was based on the
time until local progression occurred or absence of local
progression was last documented at follow-up.

OS and intracranial tumor control per patient were evalu-
ated for the entire patient cohort (n=100) and LC per single
lesion (n=72 lesions) was assessed in n=37 patients with any
available follow-up imaging.

Statistical analyses were performed using the Statistica
software (version 10, StatSoft, Tulsa, OK, USA). The Kaplan-
Meier method was used in the univariate evaluation of
potential prognostic factors and the log-rank test compared
survival between subgroups. Significant factors from the
univariate analysis were included in the multivariate analysis
using a multiple Cox regression. Statistical significance was
accepted with two-sided p-values <0.05.

Results

Patient, tumor andtreatment characteristics. Sixty-five percent
of patients were male, 35% female. Median age at the time of
initial diagnosis of malignant melanoma was 57 (27-81) years
and median age at the time of diagnosis of brain metastasis
was 62 (28-81) years. The median time from first diagnosis
of malignant melanoma to occurrence of brain metastasis was
2.5 years (50 days - 17.3 years). Clinical melanoma characteris-
tics are presented in Table I, and Table II shows characteristics
of brain metastasis.
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Table I. Clinical melanoma characteristics (n=100).

Characteristic Patients n (%)
Histology
SSM* 29 (29)
NMP 42 (42)
ALM* 5 (5
UCM! 11 (11)
Unkown primary 13 (13)
LMM® 0 (0
Breslow'
<2 mm 30 (30)
>2 mm 51 (51)
Unknown 19 (19)
Ulceration
Yes 39 (39)
No 36 (36)
Unknown 25 (25)
Stage®
1A 6 (6)
1B 14 (14)
2A 19 (19)
2B 0 (0)
2C 10 (10)
3A 2 (2
3B 18 (18)
3C 0 (0
4 23 (23)
Unknown 8 (8)
Clark-Level
I 0 (0)
11 11 (11)
I 29 (29)
v 27 (27)
v 12 (12)
Unknown 21 (21)
Initial lymph node metastases®
Yes 22 (22)
No 56 (56)
N/A 22 (22)
Lymph node metastases'
Yes 61 (61)
No 39 (39)
Extracranial metastases’
Yes 71 (71)
No 29 (29)
Organ systems affected by metastases’
0 29 (29)
1 25 (25)
2 22 (22)
3 18 (18)
4 6 (6)

*Superficial spreading melanoma. "Nodular melanoma. °Acral len-
tiginous melanoma. YUnclassified melanoma. °Lentigo malignant
melanoma. "Vertical tumor depth, median, 2 mm. ¢According to AJCC
2009. "Present at first diagnosis of melanoma. ‘Occurrence during the
disease course. Independent from diagnosis of brain metastases.
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Table II. Characteristics of brain metastases (n=100).
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Table III. Treatment characteristics (n=100).

Characteristic Patients n (%)  Characteristic Patients n (%)

Initial imaging 1. Primary therapy 2. Whole therapy 1. 2.
CT 77 (77) WBRT" only 10 (10) 10 (10)
MRI 21 21) Systemic therapy only 14 (14) 9 9
Unknown 2 (2) Local therapy only 26 (26) 16 (16)

Number at initial diagnosis WBRT" + systemic therapy 18 (18) 19 (19)
1-2 53 (53) WBRT* + local therapy 5 (5 3 (3)
>2 47 (47) Systemic + local therapy 8 (8) 15 (15)

Location WBRT" + systemic + local therapy 3 (3 12 (12)
Supratentorial 95 (95) No treatment 16 (16) 16 (16)
Infratentorial 4 4 Systemic agents used
Both L (1) Temozolomide 41 (41)

Symptoms Fotemustine 18 (18)

Yes 71 (71) Both 303
No 25 (25) Neither 44 (44)
Unknown 4 4

Hemorrhage “Whole brain radiotherapy.

Yes 22 (22)
No 71 (71)
Unknown 7 (1)

Size radiotherapy or radiosurgery for 1-3 lesions in 52 patients
<20 mm 48 (48) (52%), in one patient, it was administered for <4 cerebral
>20 mm 51(51) lesions. A custom-made individual immobilization mask was

Midline shift used for each patient, median single dose was 5.5 (2-25) Gy
Yes 18 (18) and median total dose 25 (12-50) Gy.

No 72 (72) Systemic treatment was given with either temozolomide or
Unknown 10 (10) fotemustine or both (1-12 courses per patient, median 1 course).

Brain edema

Yes 67 (67)
No 25 (25
Unknown 8 (8)

Seventy-one percent of patients were diagnosed with
additional extracranial metastases and in 46%, more than one
organ system was affected, including lung in 54 patients (54%),
liver in 35 patients (35%), bone in 16 patients (16%) and skin
in 42 patients (42%). Sixteen percent of patients had distant
lymph node metastases.

In 71% of patients, CNS symptoms from cerebral metas-
tasis were reported and included seizures, behavioral changes,
headache and speech disorder; in 25% of patients, cerebral
metastases were asymptomatic and an incidental finding
during melanoma staging investigations.

Treatment characteristics (Table I1I). Prior to diagnosis of
brain metastasis, 50 patients (50%) were treated systemically
with dacarbazine (6%), interferon o (23%) or a combination of
both (21%). In the entire patient collective, 45 patients (45%)
received WBRT which was delivered in an opposing-field
photon technique with a median single dose of 2.5 (2-5) Gy
and a median total dose of 33 (6-54) Gy. Cranial stereotactic
radiotherapy was carried out as a CT-based hypofractionated

Median absolute dose of temozolomide was 270 (min. 140
- max. 420) mg/m? body surface (equivalent to 200 mg/m?
body surface per day) and patients received this medication
orally for 5 consecutive days, followed by an interruption of
23 days before the start of the next course. Fotemustine was
daily administered intravenously with a dose of 100 mg/m?
body surface (days 1, 8 and 15), followed by a break of 5 weeks
before maintenance therapy was initiated with 100 mg/m?
body surface once weekly every 3 weeks.

Treatment for patients with multiple brain metastases was
delivered as WBRT in 14% of cases, systemic therapy in 23%
and combined WBRT with systemic chemotherapy in 40%.
Twenty-three percent of patients with multiple brain lesions
received best supportive care only.

Overall survival in the entire patient collective in univariate
analysis. By November 2011, 93 of the 100 patients had
already died and in 84% of cases, death was related to malig-
nant melanoma. Median follow-up in surviving patients was
32 (4-222) months and it was 3.5 (0-222) months in all patients.

Median OS (after initial diagnosis) in the entire patient
collective was 3.9 months, 1-year survival rate was 21.4%.
Local and systemic therapy, number of brain metastases and
extracranial metastasis were identified as significant predic-
tors for OS in the entire patient collective.

Patients who received local therapy (either surgery
and/or stereotactic radiotherapy) at any time had a superior OS
(6.9 months, n=46) compared to patients who never received
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Figure 1. Association of overall survival with clinical and treatment characteristics in the primary therapy in the entire patient cohort (n=100). (A) Use of
any local therapy (6.9 months, n=46, blue continuous line) vs. no local therapy (2.6 months, n=54, red dotted line). (B) Use of local therapy in primary treat-
ment (7.5 months, n=42, blue continous line) vs. no local therapy in primary treatment (2.8 months, n=58, red dashed line). (C) Use of any systemic therapy
(5.1 months, n=55, blue continuous line) ever vs. no systemic therapy (3.1 months, n=45, red dashed line). (D) One to two brain metastasis (6.5 months, n=53,
red dashed line) vs. =2 brain metastasis (2.6 months, n=47, blue continuous line).

local therapy (2.6 months, n=54, p<0.001) (Fig. 1A). Use of
local therapy in the primary treatment (n=42) was associated
with better OS (7.5 vs. 2.8 months, p<0.001) (Fig. 1B) and use
of systemic therapy resulted in a median OS of 5.1 months
(n=55) compared to 3.1 months without use of systemic treat-
ment (n=45, p=0.002) (Fig. 1C).

Increasing number of brain metastasis significantly reduced
OS which was 6.5 months in patients with one solitary lesion
(n=40), 6.4 months in patients with 2 metastatic lesions (n=13),
3.8 months in those with 3 lesions (n=7) and 2.5 months in
patients with >3 brain metastases (n=40, p<0.001). OS was
significantly lower in patients with >3 metastatic brain lesions
(n=47) compared to patients with 1-2 lesions (2.6 vs. 6.5 months,
p=0.029) (Fig. 1D). Patients with extracranial metastases had a
median OS of 3.9 months compared to 4.4 months in patients
where metastases were confined to brain (p=0.022, n=71).

No association was determined between OS and number
of extracranial metastatic sites (p=0.98), location of extra-
cranial metastases (p=0.4), lactate dehydrogenase (LDH)
levels (p=0.11) and WBRT in the primary treatment concept
(p=0.09) even though patients who received WBRT (n=45)
lived longer than patients without WBRT (4.8 vs. 3.5 months,
p=0.85).
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Figure 2. Overall survival according to treatment modality in the whole
therapy in the entire patient cohort (n=100). WBRT only (median overall
survival 3.2 months, n=10, blue continuous line), systemic therapy only
(1.6 months, n=9, red dashed line), local therapy only (4.4 months, n=16,
green dashed line), WBRT + systemic therapy (4.7 months, n=19, pink dashed
line), WBRT + local therapy (5.6 months, n=3, black dashed line), systemic
+ local therapy (14.2 months, n=15, grey dashed line), triple therapy (WBRT,
systemic and local therapy, 8 months, n=12, brown dotted line) and no treat-
ment (1.5 months, n=16, olive continuous line).
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Table IV. Median OS (months) in patients with respect to
therapy approach as part of primary or whole treatment concept.

Therapy approach Primary Whole
therapy therapy
WBRT only 32 32
Systemic therapy only 33 1.6
Local therapy only 64 44
WBRT + systemic therapy 4.1 4.7
WBRT + local therapy 8.2 5.6
Systemic + local therapy 12.7 142
WBRT + systemic + local therapy 2 8
No therapy 1.5 1.5

Different treatment modalities yielded different OS
(p<0.001) depending on whether they were used in the
primary treatment or whether they were part of the whole
treatment (including further treatments after disease progres-
sion) (Table IV).

The subgroup which received local plus systemic therapy
at any time (initial treatment or over the course of the disease)
had the best OS (12.7 and 14.2 months, n=10) (Fig. 2). If triple
therapy (WBRT + systemic + local therapy) was used in the
primary treatment, median OS was 2 months, however, it was
8 months if all three treatment modalities were part of the
whole treatment concept.

Overall survival in the entire patient collective in multivariate
analysis. The following factors which were significantly asso-
ciated with OS in the univariate analysis have been included
in multivariate evaluation: number of brain metastases, use of
local therapy in the primary treatment and presence of extra-
cranial metastases before diagnosis of brain metastasis.

All tested variables remained independent predictors for
OS and the hazard ratio for patients with >2 brain metastases
was 2.2 compared to patients with 1-2 cerebral metastases
(p=0.0005). Patients who did not receive local therapy in
their primary treatment had an increased risk of death by a
factor 1.8 as opposed to patients with local therapy (p=0.035)
and patients with metastases confined to the brain were less
likely to die (HR=0.6, p=0.035) compared to patients with
additional extracranial metastasis.

OS in patients with multiple cranial metastases. The subgroup
of patients with multiple brain metastases (n=35) contains
all patients who were initially diagnosed with multiple brain
metastases or who developed multiple brain metastases during
their disease course. OS in patients only receiving systemic
treatment was 1.8 months and it was 1.5 months in patients
under best supportive care.

The whole treatment (including sequential modalities
after disease progression) significantly influenced OS in this
subgroup (p=0.007): the best OS in patients with multiple
brain metastases could be achieved if WBRT was combined
with systemic treatment (median OS 3.8 months) in the
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Figure 3. Overall survival in patients with multiple brain metastasis (n=35)
according to treatment modality in overall therapy. WBRT only (median
3.6 months, n=5, blue continuous line), systemic therapy (1.5 months, n=8,
red dashed line), WBRT + systemic therapy (3.8 months, n=14, green dashed
libe) and no therapy (1.5 months, n=8, pink dashed line).
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Figure 4. Local control in single brain metastasis (n=35) according to local
treatment modality in the primary therapy (n=72). Surgery only (median
2.8 months, n=27, blue continuous line), stereotactic radiotherapy only
(2.5 months, n=14, red dashed line), stereotactic radiotherapy + surgery
(13.2 months, n=6, green dashed line) and no therapy (2 months, n=25, pink
dashed line).

primary treatment compared to WBRT alone (3.6 months).
However, the survival difference between these two groups
was rather small and the findings did not reach statistical
significance (p=0.058). Patients treated with systemic therapy
only or no therapy at all had a similar median OS of 1.5 months
(Fig. 3).

Tumor control in relation to different treatment modalities.
In the entire patient cohort, intracranial tumor control could
be evaluated in 58 patients. The intracranial disease course
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Table V. Association of different treatment modalities and local tumor control per lesion (n=37 patients, n=72 lesions).

Therapy approach Metastases n (%) Median LC (months) p-value (log-rank)

Primary therapy (n=72)

WBRT only 8 (11)
Systemic therapy only 14 (20)
Local therapy only 31 (44)
WBRT + systemic therapy 3 &4
Local therapy + WBRT 6 9
Systemic + local therapy 8 (11)
Surgery as primary therapy (n=72)
Yes 33 (46)
No 39 (54)
Local therapy in primary treatment (n=72)
Surgery 27 (38)
Stereotactic radiotherapy 14 (19)
Surgery + stereotactic radiotherapy 6 (9
No local therapy 25 (35)

3 0.011

3 0.021

2.8 0.042
25
13.2

was significantly associated with OS (p=0.0037) and intracra-
nial tumor control (until last follow-up) was documented in
28 patients. In 42 patients, no follow-up data on tumor control
was available. Median OS in patients with controlled tumors
was 10 months compared to 5 months in patients with intracra-
nial tumor progression (n=30, p=0.004).

For the subgroup of patients with multiple brain metastases,
no significant association between the two most commonly
performed primary therapies (combined WBRT with systemic
therapy and systemic therapy only) and intracranial tumor
control (p=0.23) could be determined.

When 72 brain metastases from 37 patients were evaluated
for LC per lesion, 50% remained locally controlled and 50%
were progressive after a median time interval of 3.6 months. In
this group, the primary treatment modality was significantly
associated with LC which was best after a combination of
local therapy plus systemic therapy in the primary treatment
(p=0.011) (Table V).

Metastases which were treated primarily surgically (n=33)
showed a median LC of 2.96 months compared to 2.33 months
in metastases where surgery was not used in the primary treat-
ment (p=0.021) (Table V).

Use of local therapy approaches in the primary therapy
was also associated with LC (Fig. 4): 6-month LC was 75%
when surgery was combined with stereotactic radiotherapy
(median LC 13.2 months, Table V), it was 53% in the stereo-
tactic radiotherapy only group and 43% in the surgery only
group (p=0.042).

Discussion

The aim of this study was to identify prognostic factors for
survival in stage IV melanoma patients with brain metastasis.
Similar to prior studies, this study is retrospective (37-39)
which underlines the need for confirmation of our findings in
prospective randomized trials.

Predictors for OS in patients with malignant melanoma
metastatic to the brain have been published previously and
include LDH levels, age, Karnofsky index, number of brain
metastasis, leptomeningeal spread, presence of extracerebral
metastases, melanoma ulceration, histology and neurologic
symptoms (10,13,18,25,37,39-42).

The present analysis however, additionally focused on
the subgroup of patients with multiple brain metastases and
evaluated tumor control with respect to different treatment
modalities.

Male gender in our study was more frequent than female
gender (65 vs. 35%) which is similar to the gender distribution
in other reports (10,17,37,39,43). Unlike the study of Hofmann
et al, we did not find a significant influence of gender on
survival (44). Median age at the time of initial diagnosis of
malignant melanoma was 57 years in our cohort which is
slightly higher compared to other studies (10,42) which may
be attributed to the relatively small patient number (n=100)
and long investigation period (1992-2011) in our study. Fife
et al reported a median age at the time of diagnosis of brain
metastasis of 49 and 57 years with a median time from initial
diagnosis of melanoma until occurrence of cerebral metastasis
of 2.5 and 3.7 years (10). In our study, patients were older
when brain metastasis was confirmed (62 years), however,
median time to development of cerebral metastasis (2.5 years
in our patient group) was comparable with current literature
(1.9-2.7 years) (17,18,37,39).

The impact of age on OS in melanoma patients with brain
metastasis has been reported by several studies (10,18,39,40)
but could not be replicated in our study.

Nodular melanoma was most frequently diagnosed in our
patient cohort (42%) and extracranial metastases were present
in the majority of patients (71%). In the literature, extracranial
metastatic involvement is reported in 65-83% (10,37,39,43,45)
of patients and in 37-51% of cases, multiple organ systems are
affected by extracerebral metastasis (10,37).
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In 22% of the patients in our study, lymph nodes were posi-
tive for metastasis upon initial diagnosis of melanoma and 61%
of patients developed metastatic spread to lymphatic nodes
during their disease course which stands in line with current
literature, reporting lymph node metastasis in 24-54% (17,39).

Our own results registered multiple site involvement in
65% of melanoma patients and in 71% of the patients, brain
metastases were symptomatic which is in accordance with
the findings of Raizer ef al (39) and Mornex et al (45) who
reported neurological symptoms from brain metastasis in
66-85% of patients.

Compared to other relevant reports which included 17-67%
patients with multiple brain metastases (10,37,39,43.45), the
proportion of patients with multiple brain metastases in this
study was 35%.

Median survival in our study was 3.9 months which
is shorter compared to other relevant studies in this field
(10,17,18,37,39,41). Moreover, the majority of our patients
displayed extracranial metastasis and was diagnosed with
nodular type melanoma which was associated with a consid-
erably poor prognosis. In our collective, seven long-term
survivors could be indentified with a median survival of
32 months.

Number of brain metastasis, presence of extracranial
metastasis and extracranial disease progression but not LDH
levels were significantly associated with survival. Two large
retrospective studies (37,40) reported LDH levels to be related
to survival.

Fifty-three percent of patients in our study had 1-2 brain
metastases and lived 6.5 months compared to patients with
>2 cerebral metastases who had amedian survival of 2.5 months
which is accordance with current literature (10,37,39,40):
Liew et al (46) reported a superior survival of patients with
1-3 brain metastases compared to >4 metastatic brain lesions
after stereotactic radiotherapy and Staudt et al (40) showed a
median survival of 8 months in patients with a solitary brain
lesion as opposed to 3 months in patients with multiple brain
metastases. In the cohort of Eigentler et al (37) patients with
multiple brain metastases had a significantly inferior survival
compared to those with one single brain metastasis and Raizer
et al (39) reported extracranial disease and number of brain
metastasis to significantly reduce OS (8 months with single
vs. 3 months with multiple brain metastases). Interestingly, we
could replicate the finding of Raizer ef al (39) that >3 cranial
metastases critically reduced OS.

A significant impact of neurologic symptoms on OS, which
was reported by Bottoni et al (17) and Raizer et al (39), could
not be demonstrated by our study (p=0.52).

Our findings furthermore indicate that location of metas-
tasis did not impact OS, contrasting the results of Wronski
and Arbit (43) who reported the infratentorial location to be
associated with a significantly reduced OS in a series of surgi-
cally treated stage IV melanoma patients.

Untreated patients with brain metastasis from malignant
melanoma have a poor prognosis with an expected median
survival of only 1-3 months (47,48) which accentuates pallia-
tion, quality of life and tumor control as the main treatment
focus in stage IV malignant melanoma (49,50).

Surgical treatment is indicated if pathological confirma-
tion of a cerebral mass is needed and quick symptom relief
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from a single dominant lesion is necessary, especially when
obstructive symptoms (i.e., hydrocephalus) or mass effects
(i.e., midline shift, bleeding) are present (22) and has been
shown to improve local control and survival (10,37,51). Despite
its applicability to differently sized lesions, the surgical
approach is limited to accessible intracerebral lesions.

Radiosurgery may be suitable for patients with limited
size and number of cerebral lesions (particularly those <3 cm
in size and with mild edema and no mass effect) but in prin-
ciple is feasible for brain lesions irrespective of their location
(7,11-13,22,52-54) with a low complication rate, mortality
and morbidity (50,52). Evidence supports the equivalence of
stereotactic radiotherapy and surgery in the treatment of soli-
tary metastatic cerebral lesions with a reported 1-year local
control rate of 82% after stereotactic radiotherapy (55).

The rationale for WBRT in the adjuvant setting (i.e., after
local therapy or in inoperable patients who are also no candi-
dates for stereotactic radiotherapy) is to treat microscopic
disease in order to improve tumor control and possibly survival
(13,56,57). Compared to untreated patients, WBRT improves
survival and may mitigate neurologic symptoms (30,52,58) but
so far, a significant survival benefit from WBRT could not be
demonstrated (10,22,59,60).

For decades, most cytotoxic drugs which were available
for treatment of metastatic melanoma failed to significantly
improve survival. Little progress could be achieved when the
cytokines interleukin and interferon became available in the
late 1990s while later, cytotoxic drugs such as fotemustine
and temozolomide which pass the blood-brain barrier were
routinely used in malignant melanoma metastatic to the brain
(61,62), yielding response rates of only 25-30% (fotemustine)
and 5-17% (temozolomide) (23,45,63,64). Combination of
radiation with chemotherapy also did not lead to a significant
improvement in survival with response rates of 7.6% and
a median time to progression of only 7 weeks (15-18,22).
Additional use of steroids showed symptom relief and proved
to be superior to best supportive care (22,37).

However, with the approval of new systemic agents in
2011, including immunomodulators such as ipilimumab, a
monoclonal antibody targeting CTLA-4 ligand, considerable
progress in the treatment of advanced melanoma could be
achieved (65,66). Using vermurafinib, a BRAF-inhibitor, in
patients with BRAF-mutated melanoma for instance, resulted
in significantly improved overall and progression-free survival
(67-69). Also other members of recently (2013) approved drugs
such as Dabrafenib and Trametinib showed promising results
in phase III trials so that the portfolio of systemic targeted
drugs which can be used as standard therapy for metastatic
melanoma has been expanded considerably (70).

In a large cohort of 686 patients with brain metastasis
from malignant melanoma, Fife er al (10) reported a supe-
rior survival if surgery was followed by radiotherapy (24%,
8.9 months) or surgery was given alone (7%, 8.7 months)
compared to radiotherapy alone (36%, 3.4 months). Wronski
and Arbit (43) found that consecutive WBRT after surgical
resection of brain metastasis did not improve OS and recur-
rence rates. In our study, OS in patients treated with WBRT
alone was 3.2 months which is comparable with the study of
Fife et al (10). Median survival of patients who received local
therapy (either surgery or stereotactic radiotherapy) followed
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by WBRT was 8.2 months and the best OS could be achieved
if local therapy was combined with systemic therapy in the
primary treatment (12.7 months).

In the study of Raizer et al, surgery (9.3 vs. 3.9 months),
systemic therapy (7.9 vs. 4.1 months) and stereotactic radio-
therapy (10 vs. 4.3 months) but not WBRT significantly
improved survival (39). These results are supported by our own
findings, indicating a superior survival in patients who received
systemic (5.1 vs. 3.1 months, p<0.002) and local therapy
(either stereotactic radiotherapy or surgery, 6.9 vs. 2.6 months,
p<0.001). The finding that WBRT non-significantly prolongs
OS could also be replicated (4.8 vs. 3.5 months, p=0.85) by
our study.

Raizer et al reported the best OS if surgery was combined
with stereotactic radiotherapy (13.2 months), followed by the
triple combination of surgery, stereotactic radiotherapy and
WBRT (10.2 months) (39). In our study, the triple therapy
(WBRT, local and systemic therapy) yielded a median OS of
2 months (primary therapy) and 8 months (whole treatment)
and the best OS could be achieved with the combination of
systemic and local therapy (12.7 months as primary therapy,
14.2 months as part of the whole treatment concept). Notably,
the study of Raizer et al (39) included 355 patients and systemic
therapy was not evaluated in the combination therapy.

Surgery or stereotactic radiotherapy alone was reported
with a median OS of 8.2 and 9.9 months in the study of Raizer
et al (39). Here, we found that use local therapy (surgery or
stereotactic radiotherapy) was associated with a median
survival of 6.4 (primary therapy) and 4.4 months (whole
therapy). As evidenced by the current literature, local therapy
(stereotactic radiotherapy or surgery) and systemic therapy
remain independent predictors for OS in the treatment of
single brain metastasis (37,39).

For patients with multiple brain metastases, we found
that the combination of WBRT and systemic treatment
resulted in a marginally superior OS compared to WBRT
alone (+0.2 months) which stands in line with current litera-
ture (71,72).

We demonstrated that the intracranial disease course
is significantly associated with OS (p=0.0037) and that
patients with intracranial tumor control achieved a better OS
(10 months) compared to patients with uncontrolled intra-
cerebral situation (5 months) which supports current studies
showing a correlation between intracranial tumor control and
prolonged survival (37,40,49). If surgery was followed by
stereotactic radiotherapy, intracranial tumor control in our
study was superior which supports current literature, reporting
local control rates between 84-94% after combined surgery
and stereotactic radiotherapy (73-75).

In our study, use of local therapy in the primary treatment
significantly increased LC per lesion (p=0.042) which was
best in patients who were treated with a combination of local
and systemic therapy.

When interpreting the results of this study, some limita-
tions need to be discussed. Our study was of retrospective
design with all limitations inherent to such studies.

Since patients from 1992 up to 2011 were included in the
study, recent developments (i.e., after 2011) in the treatment
of stage IV malignant melanoma, particularly the use of new
systemic agents such as BRAF and MEK targeted drugs or
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CTLA4 and PDI immune checkpoint modulators which were
approved by the FDA in 2011 could not be incorporated in
this study. Thus, the significant therapeutic advances achieved
by the standard use of these drugs (76) is not mirrored in
this study which limits the ability of our results to impact on
current treatment or management strategies.

Furthermore, a heterogeneous patient collective where
treatment modalities varied was analyzed and information
regarding causes of death was not routinely available. Thus,
no causal relation between therapies and survival could be
determined by our study.

Also, data on Karnofsky performance score (KPS) and
S100B value were insufficient so that both GPA and RPA
scores (37,40) could not be acquired and multivariate analyses
could not be adjusted for KPS. Therefore, the impact of the
aforementioned parameters on OS could not be evaluated
in our study which limits concrete conclusions of the effect
on OS that each variable may have. It is conceivable that use
of local therapy may be a surrogate for KPS in the dataset
presented in this study.

Finally, analyses regarding the treatments given could
have generated selection effects since only patients who lived
long enough could receive more than one treatment modality.
With respect to the different treatment arms, selection bias
cannot be excluded since only patients with good performance
status and little comorbidity were candidates for surgery for
instance.

In conclusion, number of brain metastasis (p=0.004), pres-
ence of extracranial metastases (p=0.035) and use of local
therapy in the primary treatment (p=0.035) are independent
predictors for survival in patients with brain metastases from
malignant melanoma.

For patients with single brain metastasis, a survival benefit
could be demonstrated for local therapy approaches and
systemic treatment but not for WBRT.

Intracranial tumor control (per patient) is prognostic in
malignant melanoma metastatic to the brain. LC (per lesion)
and OS can be most considerably improved by combining
local with systemic therapy. Surgical metastasectomy followed
by stereotactic radiotherapy can increase LC. Patients with
multiple brain metastases benefit from slightly improved OS
after a combination of systemic therapy with WBRT.
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