
Abstract. Background/Aim: To compare different doses of
stereotactic radiosurgery (SRS) for 1-3 newly-diagnosed
cerebral metastases from melanoma. Patients and Methods:
Fifty-four patients were assigned to dose groups of 20 Gy
(N=36) and 21-22.5 Gy (N=18). Variables additionally
analyzed were age, gender, Karnofsky Performance Score
(KPS), lactate dehydrogenase (LDH) before SRS, number of
cerebral lesions, extracranial lesions, time from melanoma
diagnosis to SRS. Results: The 12-month local control was 72%
after 20 Gy and 100% after 21-22.5 Gy (p=0.020). Freedom
from new cerebral metastases (p=0.13) and survival (p=0.13)
showed no association with SRS dose. On multivariate
analyses, improved local control showed significant
associations with SRS doses of 21-22.5 Gy (p=0.007) and
normal lactate dehydrogenase levels (p=0.018). Improved
survival was associated with normal LDH levels (p=0.006) and
KPS 90-100 (p=0.046). Conclusion: SRS doses of 21-22.5 Gy
resulted in better local control than 20 Gy. Freedom from new
brain metastases and survival were not significantly different. 

Brain metastases occur in up to 10% of melanoma patients
during the course of their disease (1). Most patients with
multiple lesions are treated with whole-brain radiotherapy
(WBRT)-alone (2, 3). In patients with a very limited number
of lesions, stereotactic radiosurgery (SRS) and neurosurgery
also play important roles (4-7). Neurosurgical resection is
usually limited to patients with a single lesion, whereas
radiosurgery is widely used for patients with one to three
lesions. It has been demonstrated in randomized trials

including patients with brain metastases from different
primary tumors that WBRT in addition to SRS improves
intracerebral control of metastatic disease but not survival (8-
9). On the other hand, a small randomized trial has suggested
that the addition of WBRT to SRS is associated with a
significant decline in neurocognitive function (10). Therefore,
it is controversial whether or not WBRT should be added to
SRS in patients with a very limited number of brain
metastases. In patients with brain metastases from a less
radiosensitive tumor such as melanoma, physicians are more
reserved to add WBRT to SRS than in patients with other
primary tumors. When SRS alone is administered to brain
metastases from melanoma, the most appropriate SRS dose
is still undefined. The present study has compared two
different dose groups (20 Gy versus 21-22.5 Gy) in such
patients with respect to local control of the treated metastases,
freedom from new brain metastases and overall survival.

Patients and Methods

Patients and treatment approaches. The data of 54 patients who
received SRS-alone for 1-3 newly-diagnosed brain metastases from
melanoma between 2000 and 2013 were retrospectively reviewed.
Forty-four patients were treated with linear accelerator (LINAC)-
based radiosurgery and ten patients with CyberKnife radiosurgery.
Two groups were designed according to the dose administered to
the margin of the metastatic lesions (representing the 73% to 90%
isodose level): 20 Gy (N=36) and 21-22.5 Gy (N=18). In the 20 Gy
group, six patients received 3×10 Gy (equivalent to 1×20 Gy with
respect to tumor cell kill), while in the 21-22.5 Gy group, three
patients received 3×11 Gy (equivalent to 1×22 Gy with respect to
tumor cell kill). The difference regarding the SRS doses was due to
the variety of physician opinions at the contributing centers when
these patients were treated.  

The two dose groups were compared with respect to treatment
outcomes in terms of local control of the irradiated metastases,
freedom from new brain metastases and overall survival. In addition
to the SRS dose, seven other potential prognostic factors were
evaluated for associations with treatment outcomes. These factors
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included age (≤65 vs. >65 years), gender, Karnofsky performance
score (KPS; 70-80 vs. 90-100), serum lactate dehydrogenase (LDH)
levels prior to SRS (normal vs. elevated), number of brain metastases
(1 vs. 2-3), extracranial metastases (no vs. yes) and the interval from
first diagnosis of melanoma to SRS (≤24 vs. >24 months). The
patient characteristics of the two dose groups are summarized in
Table I. Both groups were balanced with respect to the other seven
investigated potential prognostic factors. Median maximum
diameters of the irradiated lesions were 8 mm (range: 2-24 mm) in
the 20 Gy group and 9 mm (2-25 mm) in the 21-22.5 Gy group,
respectively. All but six lesions (four in the 20 Gy group and two in
the 21-22.5 Gy group) were located in the supra-tentorial regions. 

Statistical analysis. The comparison of the two dose groups with
respect to the patients’ characteristics was performed with the Chi-
square test. The univariate analyses of treatment outcomes were
performed with the Kaplan-Meier method and the log-rank test (11).
The prognostic factors that were significant in the univariate analysis
(p<0.05) were additionally evaluated in a multivariate analysis,
performed with the Cox hazards proportional model. Patients were
followed until death or for median 13 (6-28) months in survivors.

Results

The local control rates of the entire cohort at 6 months and at
12 months following SRS were 89% and 81%, respectively. In
the univariate analysis, improved local control of the irradiated

metastases was significantly associated with SRS doses of 21-
22.5 Gy (p=0.020, Figure 1) and normal pre-radiotherapy LDH
levels (p=0.024). The results of the univariate analysis of local
control are summarized in Table II. Both SRS dose (p=0.007)
and LDH levels (p=0.018) maintained significance with the
Cox proportional hazards analysis.

Freedom from new metastases at 6 and 12 months
following SRS was observed in 55% and 43% of patients,
respectively. In the univariate analysis of freedom from new
metastases, age ≤65 years (p=0.049) and the presence of
only one brain metastasis (p=0.027) were associated with
improved outcome (Table III). The SRS dose was not
significantly associated with the development of new brain
metastases (p=0.13). In the multivariate analyses, neither age
(p=0.17) nor the number of brain metastases (p=0.11) were
significantly associated with freedom from new brain
metastases.

The overall survival rates of the entire cohort at 6 and 12
months following SRS were 67% and 49%, respectively. In the
univariate analysis, improved overall survival was associated
with KPS 90-100 (p<0.001) and normal pre-radiotherapy LDH
levels (p<0.001) but not with SRS dose (p=0.13) (Table IV).
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Table I. Patient characteristics of the two dose groups 20 Gy (N=36)
and 21-22.5 Gy (N=18).

20 Gy 21-22.5 Gy p-Value
N patients N patients 

(%) (%)

Age 
≤65 years 18 (50) 11 (61)
>65 years 18 (50) 7 (39) 0.75

Gender
Female 18 (50) 11 (61)
Male 18 (50) 7 (39) 0.75

Karnofsky Performance Score
KPS 70-80 14 (39) 8 (44)
KPS 90-100 22 (61) 10 (56) 0.93

Serum LDH levels
Normal 18 (50) 10 (56)
Elevated 8 (22) 4 (22)
Unknown 10 (28) 4 (22) 0.96

Number of brain metastases
1 23 (64) 10 (56)
2-3 13 (36) 8 (44) 0.86

Extracranial metastases
No 11 (31) 5 (28)
Yes 25 (69) 13 (72) 0.97

Interval from melanoma 
diagnosis to SRS

≤24 months 14 (39) 7 (39)
>24 months 22 (61) 11 (61) 1.00

Table II. Univariate analysis of local control of the irradiated
metastases.

Local control Local control p-Value
at 6 months at 12 months 

(%) (%)

SRS dose
20 Gy 83 72
21-22.5 Gy 100 100 0.020

Age 
≤65 years 88 73
>65 years 90 90 0.40

Gender
Female 78 78
Male 100 85 0.72

Karnofsky Performance Score
KPS 70-80 86 86
KPS 90-100 90 80 0.75

Serum LDH levels
Normal 96 91
Elevated 76 38 0.024

Number of brain metastases
1 82 77
2-3 100 89 0.27

Extracranial metastases
No 87 77
Yes 90 83 0.90

Interval from melanoma 
diagnosis to SRS

≤24 months 89 70
>24 months 90 90 0.77



On multivariate analysis, KPS (p=046) and LDH levels
(p=0.006) maintained significance.

Acute or late side-effects grade ≥2 according to Common
Terminology Criteria for Adverse Events (CTCAE) 3.0 were
not observed in any dose group.

Discussion

Since survival prognosis of patients with a malignant disease
has improved, more patients live long enough to develop brain
metastases. Thus, the treatment of brain metastases has become
more important. Despite the fact that two small retrospective
analyses with 41 and 62 patients with brain metastases from
renal cell carcinoma or melanoma have suggested an improved
intracerebral control with the addition of WBRT to SRS, many
patients with a very limited number of brain metastases from
melanoma are treated with SRS-alone (12-13). However, the
optimal SRS dose for melanoma patients with 1-3 brain lesions
has not been defined. The present study compared two dose
groups of 20 Gy and 21-22.5 Gy. According to our results, SRS
doses of 21-22.5 Gy resulted in significantly better local
control of the irradiated metastases. However, the development
of new brain metastases and overall survival were not
significantly altered by the SRS dose. In contrast to our
findings, SRS doses >20 Gy did not result in better local
control rates than 20 Gy in the retrospective study of Shehata et
al. of 160 patients (14). However, this particular study included
a heterogeneous cohort of patients, i.e. patients with brain
metastases from different primary tumors including more
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Figure 1. Comparison of the two dose groups with respect to local
control of the irradiated metastases.

Table III. Univariate analysis of freedom from new brain metastases.

Freedom from Freedom from p-Value
new brain new brain 
metastases metastases

at 6 months at 12 months 
(%) (%)

SRS dose
20 Gy 52 31
21-22.5 Gy 61 61 0.13

Age 
≤65 years 68 48
>65 years 42 36 0.049

Gender
Female 59 45
Male 51 41 0.52

Karnofsky Performance Score
KPS 70-80 45 40
KPS 90-100 63 46 0.12

Serum LDH levels
Normal 63 54
Elevated 47 23 0.15

Number of brain metastases
1 68 47
2-3 34 36 0.027

Extracranial metastases
No 69 49
Yes 50 41 0.19

Interval from melanoma 
diagnosis to SRS

≤24 months 46 33
>24 months 61 50 0.16

Table IV. Univariate analysis of overall survival.

Overall Overall p-Value
survival at survival at 
6 months 12 months 

(%) (%)

SRS dose
20 Gy 64 42
21-22.5 Gy 72 65 0.13

Age 
≤65 years 66 57
>65 years 68 41 0.33

Gender
Female 59 41
Male 76 57 0.87

Karnofsky Performance Score
KPS 70-80 41 20
KPS 90-100 84 68 <0.001

Serum LDH levels
Normal 82 70
Elevated 42 21 <0.001

Number of brain metastases
1 67 47
2-3 67 51 0.64

Extracranial metastases
No 94 66
Yes 55 42 0.055

Interval from melanoma 
diagnosis to SRS

≤24 months 71 50
>24 months 64 48 0.62



radiosensitive tumors than melanoma, with patients having
newly-diagnosed and patients with recurrent brain metastases,
as well as patients treated with SRS-alone or SRS-plus-WBRT.
Therefore, a comparison of this study and our present study has
substantial limitations. 

There is a risk of a hidden selection bias in the current
analysis due to the retrospective nature and the relatively small
number of patients contained within this work. We have tried to
limit biases by including a homogeneous cohort of patients
with only one primary tumor type, newly diagnosed lesions and
all patients treated with SRS alone. The two dose groups were
balanced with respect to the other investigated potential
prognostic factors (Table I). Additionally, multivariate analyses
were performed to identify and adjust for the influence of the
various prognostic factors.

In addition to the SRS dose, improved local control was
significantly associated with normal LDH levels prior to SRS.
Normal LDH levels and KPS 90-100 were significantly
associated with improved overall survival in the corresponding
multivariate analysis. A positive association between overall
survival and KPS has been previously described for patients
receiving Gamma Knife radiosurgery alone for brain
metastases from melanoma in a retrospective series of 106
patients (15). The pre-treatment serum LDH level has been
recently identified as a significant prognostic factor for overall
survival of melanoma patients receiving radiosurgery for brain
metastases (16, 17). The fact that our findings agree with those
from the literature demonstrate consistency of our results.

In conclusion, our findings suggest that SRS doses of 21-
22.5 Gy result in better local control than a dose of 20 Gy,
whereas freedom from new brain metastases and overall
survival were not significantly different. These results should
ideally be confirmed in a prospective randomized trial.
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