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OBJECTIVE

The best radiotherapeutic approach for brain metastasis (BM) is highly controversial. Compared to 
Whole-brain radiotherapy, the stereotactic radiotherapy (SRT) technique allows for focused ablative 
doses to target lesions. We aim to present our clinical experience with SRT as a treatment option for 
radioresistant BM in melanoma and renal cell carcinoma (RCC).

METHODS

We identified 46 BM from radioresistant histologies (26 melanoma and 20 RCC) treated with SRT in our 
clinic between 2010 and 2020 in 29 patients (18 melanoma and 11 RCC). The robotic linear accelerator-
based CyberKnife system was used to administer SRT.

RESULTS

SRT was performed in a median of 2 fractions, and the median dose was 20 Gy. The median follow-up was 
8 months. Median overall survival after SRT was 8 months, and 1- and 2-year survival rates were 37.9 and 
14.2%, respectively. Median local progression-free survival (LPFS) was not reached, and 1- and 2-year 
LPFS were both 83.4%. Median distant brain progression-free survival (DBPFS) was 14 months, and 1- 
and 2-year DBPFS rates were 54.2 and 23.2%, respectively. Radionecrosis occurred in 2 metastases (4.3%).

CONCLUSION

SRT is a valuable treatment option for RCC and melanoma brain metastases with reasonable local and 
distant brain control and limited toxicity.
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INTRODUCTION

Brain metastasis (BM) is the most frequent intracranial 
malignancy, and it is predicted to occur 10 times more 
frequently than primary malignant brain tumors.[1]

Of all tumors, melanoma has the greatest propen-
sity to metastasize to the brain.[2] It is the third most 
common cause of BM, responsible for 6%–11% of all 
metastatic brain lesions.[3–7] On the other hand, 

renal cell carcinoma (RCC), another radioresistant 
histology like melanoma, is responsible for 2–6% of 
BM cases.[3,4,7,8]

Whole-brain radiotherapy (WBRT) has tradition-
ally been considered as the standard radiotherapeutic 
approach for BM of all histologies. Whereas the emer-
gence of advanced radiotherapy techniques like stereo-
tactic radiotherapy (SRT) provides the opportunity to 
deliver focused ablative doses to target lesions. The best 
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radiotherapeutic approach for BM is a highly debated 
topic since there are criticisms of neurocognitive func-
tion and quality of life deterioration for WBRT and dis-
tant intracranial progression for SRT.[9–11]

In this controversial issue, BM in melanoma and 
RCC have unique significance as they have been con-
sidered to be “radioresistant” to conventional fraction-
ated radiotherapy. However, SRT delivers high fraction 
doses, so it provides a radiobiological advantage to 
counter the radioresistance of tumors. But BM of radio-
resistant histologies was underrepresented in phase III 
studies, and there are no randomized data comparing 
radiotherapeutic options, particularly for radioresistant 
BM. Many retrospective data prove that SRT is a safe 
and effective treatment for radioresistant BM.[12–15]

In this article, we aim to present our clinical experi-
ence with SRT as a treatment option for radioresistant 
BM of melanoma and RCC.

MATERIALS AND METHODS

In this retrospective study, we reviewed data from 
patients with radioresistant BM melanoma or RCC 
treated with SRT in our department between 2010 and 
2020. All of the patients were ≥18 years old, and their 
Karnofsky performance scale (KPS) score was ≥60. Pa-
tients had at least one pre-SRT and one post-SRT brain 
magnetic resonance imaging (MRI) evaluation.

Informed consent was obtained from all the pa-
tients. The declaration of Helsinki[16] was adequately 
addressed, and the study was approved by the Local 
Ethical Committee of our hospital (register number: 
2020/514/186/9).

Radiotherapy Technique and Treatment Plan-
ning
All patients were treated with a robotic LINAC-based 
SRT, the CyberKnife system (Accuray Inc., Sunnyvale, 
CA, USA). Patients were positioned supine and immo-
bilized using a noninvasive thermoplastic head mask 
prepared for the simulation computerized tomogra-
phy (CT) scan. Contrast-enhanced MRI and CT scans 
with 1 mm slice thickness were utilized. All treatment 
planning procedures were performed using dedicated 
inverse planning software, Multiplan (Accuray®). An 
exemplary patient treatment plan is shown in Figure 1.

Gross tumor volume (GTV) was defined as the area 
enhanced on post-contrast T1-weighted images, and a 
circumferential 1mm margin was added to define the 
planning target volume (PTV). Doses were prescribed 
to 70%–94% isodose lines, so 95% of PTV and 99% of 

GTV were aimed at achieving prescription dose cov-
erage. AAPM TG 101 report recommendations were 
used to assess organ at-risk doses.[17] The dose and 
fractionation schedule were determined considering 
the PTV volume and proximity of critical structures.

Follow-Up
Patients were followed up regularly at 1–3 month in-
tervals or as clinically indicated. During the follow-up 
visits, patients were evaluated clinically by history and 
physical examination and radiologically by contrast-
enhanced brain MRI. Additional MR spectroscopy and 
MR perfusion were performed in cases where tumor 
progression or radionecrosis distinction was uncertain. 
Local control evaluation was performed based on the 
Response Evaluation Criteria in Solid Tumors Version 
1.1 (RECIST v1.1).[18]

Statistics
Local progression-free survival (LPFS), distant brain 
progression-free survival (DBPFS), and overall sur-
vival (OS) were defined as the time from the 1st day of 
SRT to the detection of the local failure, the first distant 
brain failure, and the death from any cause, respectively. 
Survival results were evaluated with the Kaplan–Meier 
method. The effects of the variables on survival outcomes 
were evaluated by performing univariate and multivari-
ate analyses using Cox models and log-rank tests. A 
p<0.05 was accepted as statistically significant. All statis-
tical analyses were performed using SPSS 20.0 software 
(The Statistical Package for the Social Sciences, 20.) 

RESULTS

Patient and Treatment Characteristics
We reviewed the data on BM cases treated with SRT 
in our clinic between 2010 and 2020. We identified 46 
BM from radioresistant histologies (26 melanoma and 
20 RCC) in 29 patients. Among these patients, 19 were 
male and 10 were female, and the median age at the 
time of SRT was 63 years. The median KPS score was 90 
(range 70–100). The primary histology was melanoma 
in 18 patients (62%) and RCC in 11 patients (38%). 
WBRT was received by 4 patients (14%) before SRT.

SRT was performed in 2 fractions (range 1–5) to 
a median prescription dose of 20 Gy (range 15–25.5), 
which is biologically equivalent to a dose of 52.8 Gy 
(range 28.8–70.4). The SRT plan quality indexes were 
as follows: median conformity index 1.18 (range 1.03–
5.48), new conformity index 1.26 (range 1.11–5.59), 
and homogeneity index 1.12 (range 1.06–1,56). The 
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median maximum diameter and volume of lesions 
were 15 mm (range 5–64) and 1.44 mL (range 0.05–
36.2), respectively. The median target volume (PTV) 
was 2.58 mL (range 0.12–40.1). The number of BM pa-
tients treated with SRT was 1 in 18 patients (62.1%), 
2 in 5 patients (17.2%), and 3 in 6 patients ( 20.7%). 
The median total intracranial tumor volume was 4.61 
mL (range 0.05–36.2). The patient characteristics and 
treatment parameters are summarized in Table 1.

Clinical Outcomes
The median follow-up was 8 months (range 1–101). 
At the time of analysis, four patients (13.8%) were 
alive. Median OS after SRT was 8 months (95% CI: 
5.4–10.6), and 1- and 2-year survival rates were 37.9 
and 14.2%, respectively. According to RECIST, com-
plete response was observed in 10 lesions (21.7%), 

partial response in 12 lesions (26.1%), stable disease 
in 19 lesions (41.3%), and progression in 5 lesions 
(10.9%) during the first 3 months after SRT. The me-
dian LPFS was not reached, and the 1- and 2-year 
LPFS were both 83.4%. At the time of analysis, 15 pa-
tients (52%) had distant brain failure. Median distant 
brain progression-free survival was 14 months (95% 
CI: 4.9–23.1), and 1- and 2-year DBPFS rates were 
54.2 and 23.2%, respectively. The OS, LPFS, and DBFS 
curves are represented in Figure 2.

The LPFS-related variables were analyzed using uni-
variate analysis. There was no statistically significant 
relationship with lesion histology, lesion location, PTV 
coverage, or BED10. There was a trend towards better 
LPFS for patients with smaller tumor (GTV) volumes 
(p=0.06). Smaller target (PTV) volumes were associ-
ated with statistically significant better LPFS (p=0.045). 

Fig. 1. Treatment plan of a representative patient.
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When we focused on prior therapies for BM, there was 
a trend toward worse LPFS for patients with a history 
of WBRT (p=0.096). On multivariate analysis, none of 
the investigated variables was significant.

On univariate analyses for DBPFS, there was no sta-
tistically significant relationship between the number of 
BM treated with SRT, total intracranial tumor volume, 
or lesion histology. However, freedom from local pro-
gression (p=0.055) and KPS score (p=0.054) showed 
trends for positive associations with DBPFS. Patients 
with a prior history of WBRT showed statistically sig-
nificant poor DBFS (p=0.001). On multivariate analy-
sis, none of the investigated variables was significant. 

On univariate analyses for OS, there was no sta-
tistically significant relationship with the number of 

Table 1 Patient characteristics and treatment parameters

  n  %

Number of patients 
 29  18 melanoma
   11 RCC
Number of lesions 
 46   26 melanoma
   20 RCC
Number of BM treated with SRT
 1 18  62.1
 2 5  17.2
 3 6  20.7
Lesion maximum diameter (mm)  15 (5–64)
GTV volume (mL)  1.44 (0.05–36.2)
PTV volume (mL)  2.58 (0.12–40.1)
Lesion location 
 Supratentorial 41  89.2
 Infratentorial 5  10.8
Total intracranial tumor volume (mL)  4.61 (0.05–36.2)
SRT dose (Gy)  20 (15–25.5)
SRT fraction  2 (1–5)
BED10  52.8 (28.8– 70.4)
Conformity index  1.18 ( 1.03–5.48)
New conformity index  1.26 (1.11–5.59)
Homogeneity index  1.12 (1.06–1,56)
Isodose  89 (64–94)
GTV coverage (%)  99.55 (95.4–100)
PTV coverage (%)  96.7 (86.6–99.3)
SRT response at first control
 Complete response 10  21.7 
 Partial response 12  26.1
 Stable  19  41.3 
 Progression 5  10.9

Values are presented as number (%) or median (range). RCC: Renal cell can-
cer; BM: Brain metastases; SRT: Stereotactic radiotherapy; GTV: Gross tumor 
volume; PTV: Planning target volume; BED: Biologically effective dose

Fig. 2. (a) Overall survival curve, (b) Local control 
curve, (c) Distant brain control curve.

 SRT: Stereotactic radiotherapy.

a

b

c
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BM treated with SRT, gender, KPS score, prior history 
of WBRT, freedom from local progression, or distant 
brain progression. When we focused on the histologic 
type, patients with melanoma showed poorer OS as 
compared with patients with RCC (p=0.032). Patients 
with small total intracranial tumor volumes showed 
statistically increased OS (p=0.014). On the multivari-
ate analysis, total intracranial volume remained signif-
icant (p=0.046, exp (B):1).

Univariate analyses results are summarized in Table 2.

Toxicities
Radionecrosis occurred in 2 metastases (4.3%), both in 
melanoma patients. Four cases experienced new-onset 
seizures, and one case reported occasional headaches 
following SRT; all were melanoma patients.

DISCUSSION

The best radiotherapeutic approach for BM is highly 
controversial. While WBRT has traditionally been 
considered the standard radiotherapeutic approach for 
BM of all histologies, the SRT technique has emerged 
that allows for focused ablative doses to target lesions. 

The role of SRT in BM treatment has been the subject 
of several randomized trials. Two landmark Phase III 
randomized trials comparing SRS and SRS+ WBRT in 
patients with 1–3 BM established stereotactic radiosur-
gery as the standard of care, replacing WBRT due to 
better preservation of cognitive function without com-
promising OS.[9,11] However, radioresistant histolo-
gies are underrepresented in both trials. The trial by 
Chang et al.[9] terminated before the planned sample 
size with the recruitment of only 58 due to the detec-
tion of a high probability (96%) that patients in the 
SRS plus WBRT arm were significantly more likely to 
show a decline in cognitive function, and among these 
58 patients, there were 11 patients with melanoma and 
RCC primary histology, including 6 in the SRS and 5 
in the SRS+WBRT arm. On the other hand, Brown et 
al.[11] published their results with 213 patients; how-
ever, melanoma and RCC histologies were both under-
represented and not equally distributed among study 
arms (a total of 3.6% in the SRS arm and 12.9% in the 
SRS+WBRT arm). It is unclear whether the conclusion 
drawn from these RCTs would be valid for radioresis-
tant BM, and to date, no phase III clinical trials have 
been published specifically investigating the role of 
SRT in radioresistant BM. A Phase II trial of radiosur-
gery for one to three newly diagnosed brain metastases 
(n=36) from RCC, melanoma, and sarcoma reported 
high intracranial failure rates (48.3% of patients by 6 
months) with the omission of WBRT.[19] In the cur-
rent study, we aimed to present our results on this 
highly debated topic regarding the role of SRT in the 
BM of radioresistant histologies.

At the culmination of our study, both 1- and 2-year 
LPFS rates were 83.4%, and 1- and 2-year DBFS rates 
were 54.2 and 23.2%, respectively. We found our LPFS 
and DBFS results to be markedly better than previ-
ous studies investigating similar patient groups to our 
study. Lo et al.[20] published their results of SRS for pa-
tients with 1–4 radioresistant BM and reported 67.9% 
1-year local control and 40.2% 1-year free-from-dis-
tant-brain-failure rates. Lwu et al.[21] also published 
their institutional results using SRS for treating RCC 
and melanoma brain metastases and reported 84% 
1-year and 61% 2-year local control rates. Compared 
to the two studies above that used more subjective 
measurement methods for local control, we utilized a 
volumetric measurement of tumor size in our method-
ology and used RECIST criteria to assess local control. 
This difference in LPFS and DBPFS seen between our 
study and other previously reported series may also be 
explained by the possible more frequent utilization of 

Table 2 Univariate analyses results

Endpoint Variable p

LPFS Lesion histology 0.954
  Lesion location 0.338
  PTV coverage 0.231
  BED10 0.688
  Prior history of WBRT 0.096
  GTV volume 0.06
  PTV volume 0.045
DBPFS Number of BM treated with SRT 0.124
  Total intracranial tumor volume 0.340
  Lesion histology 0.501
  Freedom from local progression 0.055
  Karnofsky Performance Status Score 0.054
  Prior history of WBRT 0.001
OS  Number of BM treated with SRT 0.670
  Gender 0.286
  Karnofsky Performance Status Score 0.640
  Prior history of WBRT 0.223
  Freedom from local progression 0.380
  Freedom from distant brain progression 0.233
  Lesion histology 0.032
  Total intracranial tumor volume 0.014

LPFS: Local progression-free survival; PTV: Planning target volume; BED: 
Biologically effective dose; WBRT: Whole brain radiation therapy;  GTV: Gross 
tumor volume; DBPFS: Distant brain progression-free survival; OS: Overall 
survival; BM: Brain metastases; SRT: Stereotactic radiotherapy



Turk J Oncol 2023;38(4):459–65
doi: 10.5505/tjo.2023.3853

464

modern systemic agents recently shown to have central 
nervous system activity in our cohort.[22,23] However, 
the detailed systemic therapy records needed to sup-
port this argument were unavailable for our patients, 
and this is a limitation of our study.

Consistent with our univariate analysis results, 
Lesueur et al.[15] reported that histology had no sig-
nificant effect on LPFS, but large tumor volume was a 
statistically significant predictive factor for local fail-
ure. On the opposite, contrary to our results, Lwu et 
al.[21] defined RCC pathology as a predictor of a bet-
ter response to SRS. However, they also found small 
tumor volume to be a predictive factor of response to 
SRS and reported that lesions with RCC pathology had 
smaller tumor volumes. Therefore, they argued that 
the effect of histology on the response to SRS may be 
the result of a smaller tumor volume. Lo et al.[20] also 
reported RCC histology to be a predictor of better lo-
cal control compared to melanoma. They reported that 
ten of 14 RCC patients received sunitib, a CNS active 
agent, which may have a contributing effect on better 
local control outcomes. After this publication by Lo et 
al. in 2011, many CNS active agents have been started 
to be used in melanoma, and new CNS active agents 
besides sunitib have been approved for RCC treatment. 
Therefore, the confounding effect of systemic agents 
has gained even more importance in recent melanoma 
and RCC BM studies, including our study.

In our study, 4 patients had a previous history of 
WBRT, and SRT was applied as salvage therapy. These 
patients showed statistically significant poor DBPFS 
and a trend towards poor LPFS. Poor DBFS outcomes 
could be explained by the presence of extensive intra-
cranial disease spread at baseline. Although lesions 
other than salvage-SRT were considered to be under 
control and therefore salvage-SRT was not needed, 
highly resistant tumor strains may have remained dor-
mant and caused future recurrence. The trend towards 
poor LPFS could be explained by possible aggressive 
tumor features leading to resistance to salvage SRT as 
well as to the previous WBRT. 

The median OS of our cohort after SRT was 8 
months. Patients with small total intracranial tumor 
volumes (p=0.014) and patients with RCC (p=0.032) 
showed statistically increased OS. However, previous 
studies from Lo et al. and Lesueur et al.[15,20] reported 
that histology had no statistically significant impact on 
OS. When we reviewed our data, we found that patients 
with RCC had a lower mean total intracranial tumor vol-
ume, and multivariate analysis revealed that histology is 
not a prognostic factor for OS. We conclude that the ef-

fect of histology on OS detected in the univariate analy-
sis may be the result of the confounding effect of lower 
total intracranial tumor volume. In fact, OS is a complex 
endpoint for a study investigating treatment options for 
brain metastases because, apart from the factors related 
to brain metastases and their treatment, there are many 
confounding factors for OS, such as extracranial system-
ic disease burden and systemic treatments.

Limitations of the Study
Limitations of our study include a retrospective design, 
a small sample size, insufficient systemic treatment re-
cords, and a lack of information about the neurocogni-
tive function of patients.

CONCLUSION

SRT is a valuable treatment option for RCC and 
melanoma brain metastases with reasonable local and 
distant brain control and limited toxicity.
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