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ABSTRACT

AIM: To retrospectively evaluate the overall survival (OS) of patients with brain metastases (BMs) who had been treated with whole 
brain radiotherapy (WBRT) and Gamma Knife (GK) according to prognostic factors and prognostic index scores.   
MATERIAL and METHODS: The study included 91 patients with BMs who had been treated with WBRT and/or GK between 2014 
and 2017. The patients with BMs were retrospectively evaluated regarding age, sex, Karnofsky Performance Status (KPS), recursive 
partitioning analysis (RPA) class, basic score for BM (BS-BM), Graded Prognostic Assessment (DS-GPA) index, primary tumour 
type, extracranial metastases, primary tumour control, number of BMs, and brain metastasectomy. A univariate analysis of the OS 
was performed using the Kaplan-Meier method, supplemented by the log-rank test. We also applied a multivariate survival analysis 
using the Cox regression model.
RESULTS: The median OS for all patients with BMs was 6 months. Meanwhile, the median OSs for those with WBRT, GK, and 
WBRT-GK treatment were 6, 4, and 15 months, respectively (p=0.00). In the multivariate analysis, the female sex (p=0.030), brain 
metastasectomy (p=0.047), treatment with WBRT-GK (p=0.001), and the controlled primary tumour (p=0.007) significantly correlated 
with the OS. Furthermore, the BS-BM (p=0.022) was closely related with the OS compared to the RPA and DS-GPA in the multivariate 
analysis.
CONCLUSION: The BS-BM was found to better predict the survival of patients with BMs according to the prognostic index scores 
in the multivariate analysis. Thus, our data suggest that the BS-BM is the most appropriate prognostic index. 
KEYWORDS: Brain metastases, Survival, Recursive partitioning analysis (RPA), Basic score for brain metastases (BS-BM), Graded 
prognostic assessment (GPA) index
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Original Investigation

brain radiotherapy (WBRT) is commonly used to improve 
neurological symptoms in patients with multiple BMs and to 
control the disease within the brain (1,6,26,28,31). Stereotactic 
radiosurgery is a good choice for treating oligometastatic 
brain lesions (1,18,23), while a metastasectomy is also a 
treatment option. However, selection of local treatment only 
or WBRT depends on the performance of the patient, number 
of BMs, and histology (39). WBRT is the primary modality in 
patients with multiple BMs (2). For patients with oligo BMs 

█    INTRODUCTION

There is an increasing number of patients with brain 
metastases (BMs) (21). BMs is the most common brain 
tumour that develops in approximately 10%–40% 

of adult patients with cancer (26). Furthermore, the most 
common sources of BMs include lung cancer, melanoma, and 
breast cancer (28). The aims of treatment include the palliation 
of neurological symptoms, maintenance of performance 
status, and local control of the metastatic disease (4). Whole 
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treated with radiosurgery or a metastasectomy, the addition 
of WBRT to the treatment regimen has reduced intracranial 
recurrence and neurological mortality. The principal problem in 
patients with the addition of WBRT is neurocognitive function 
failure. However, the functional independence and mean 
survival have not been improved (17). Chang et al. reported 
that radiosurgery and WBRT decreased learning and memory 
function compared to radiosurgery alone (7). While Tsao et al. 
reported that radiosurgery and WBRT improved the control of 
local and remote BMs compared to radiosurgery alone (40). 
The benefit of gamma knife (GK) radiosurgery is the reduction 
of radiation to the surrounding normal brain parenchyma, 
which may thereby reduce neurological toxicities compared 
with WBRT (4,33) or may improve local control when combined 
with WBRT (1).

The KPS score, primary lesion control, presence of extracranial 
metastases, presence of multiple metastases are important 
prognostic factors in the literature (10,22,38,39). Surgical 
resection provides improved disease control for patients with 
single and resectable metastasis (29).

In recent years, several prognostic scoring systems based 
on independent prognostic factors have been developed to 
evaluate the pre-treatment variable contributions, with the aim 
of choosing the appropriate treatment for individual patients, 
and to guide future research. The most widely used indices 
are the recursive partitioning analysis (RPA), basic score for 
BM (BS-BM), and the graded prognostic assessment (DS-
GPA) index (10,22,38). Table I shows the clinical parameters 
used for the prognostic indices (RPA, DS-GPA, and BS-BM).

In this paper, the retrospective examination of the patients with 
BMs who had been treated with WBRT, GK, and combined 
WBRT-GK in a single centre are reported. We tried to determine 
the appropriate prognostic indexes for all patients with BMs 
who had undergone GK, WBRT, and combined WBRT-GK.

█    MATERIAL and METHODS
Study Design

This study included 91 patients with BMs who had undergone 
total WBRT, GK radiosurgery, or combined WBRT-GK between 
2014 and 2017. Of these patients, 63 had lung cancer, 14 had 
breast cancer, 5 had colorectal cancer, 8 had genitourinary 
cancer, and one had a melanoma.

Data Collection

The data of the 91 patients were retrospectively collected and 
evaluated regarding the clinical characteristics, including age, 
sex, Karnofsky Performance Status (KPS), RPA Class, BS-
BM, DS-GPA, primary tumour type, extracranial metastases, 
primary tumour control, number of BMs, total BMs volume 
and brain metastasectomy. Prognostic indices, such as the 
RPA class, BS-BM, and DS-GPA, were applied to patients with 
BMs. These criteria were chosen in accordance with previous 
studies which identified significant predictors of survival in 
patients with BMs (10,34,38,39).

Study procedures WBRT

Patients with multiple BMs were chosen for treatment with 
WBRT. Patients were immobilised in a supine position with 

Table I: Clinical Parameters Used for Prognostic Indices (RPA, DS-GPA, and BS-BM)

Clinical Parameter Prognostic Index

RPA

Class 1 Age <65 y, KPS ≥70, controlled primary tumor, no extracranial metastases 

Class 2 All patients not in Class 1 or 3 

Class 3 KPS <70

DS-GPA

0 0.5 1 

Age, year >60 50-59 <50 

KPS <70 70-80 90-100

Number of BM >3 2-3 1 

ECM Yes No 

 BS-BM

0 1  

KPS 50-70 80-100

Control of primary tumor No Yes

ECM Yes No   
KPS: Karnofsky performance status, RPA: Recursive partitioning analysis, BS-BM: Basic score for brain metastases, DS-GPA: Diseases specific-
graded prognostic assessment, BM: Brain metastases, ECM: Extracranial metastases.
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a thermoplastic mask. The brain was contoured as a clinical 
target volume (CTV) until the foramen magnum; this CTV was 
equal to the planning target volume (PTV). All BMs, optic 
nerves, brainstems, eyes, and lenses were contoured while 
patients were positioned with the mask. Planning the CT 
was mandatory with a slice thickness of ≤5 mm. Mean while, 
WBRT was performed with 6-MV photons from a Siemens 
Artiste linear accelerator. The daily prescription dose is 2.5 
and 3 Gy, prescribed as the ICRU reference point.

Study procedures: Radiosurgery

The patients with 1–3 BMs of <3 cm were chosen for the 
gamma knife treatment. Patients were immobilised in a supine 
position with a stereotactic fixation system using an invasive 
frame. A planned CT scan with ≤2 mm thick contiguous 
slices (preferable CT slice thickness = 1 mm) was later fused 
to a contrast-enhanced stereotactic MRI scan. BMs were 
contoured using a CTV to PTV margin. Radiosurgery was 
performed with Elekta Leksell GK machine, doses of which 
ranged from 15–25 Gy.

Patient Follow-up, Salvage Therapy

The metastatic brain lesions of the patients in this study 
were tracked by MRI. The overall survival (OS) of a patient 
was referenced from the day of diagnosis of the BM by MRI. 
Furthermore, intracerebral failure was diagnosed by MRI. The 
exact frequency and number of MRIs following irradiation 
were unavailable because the anonymised database used 
did not include these data. In general, the follow-up schedule 
after therapy includes an MRI every 3 months, whereas, here, 
an MRI was performed only in the cases of new or progressive 
symptoms in most patients undergoing WBRT or GK. All 
patients with BMs were treated after being evaluated by the 
Neurosurgery and Radiation Oncology Departments. Salvage 
stereotactic radio-surgery (SRS) was an additional treatment 
option for recurrent BMs after failure of the WBRT (44). After 
SRS, salvage WBRT was added to reduce intracranial relapses 
and neurological deaths (37). Patients who underwent only GK 
treatment or only WBRT treatment accepted salvage treatment 
under GK, under the WBRT, or combined treatment (WBRT-
GK), respectively. We accepted patients who underwent 
salvage treatment due to progression after WBRT treatment 
or SRS treatment in the combined WBRT-GK.

Statistical Analysis

A univariate analysis of the OS was performed using the 
Kaplan-Meier method supplemented by the log-rank test 
to determine the factors (15). We also applied a multivariate 
survival analysis using the Cox regression model. Only the 
factors exhibiting statistical significance in the univariate 
analysis were included in multivariate analysis which utilised 
the Cox proportional hazards regression tests. All tests were 
two-tailed, and a p-value of <0.05 was considered significant. 
The statistical analyses were reviewed by a medical statistician 
stuff in our medical faculty.

█   RESULTS
Patients Characteristics

Among the 91 patients in this study, 69 (75.8%) were men and 

22 (24.2%) were women. The mean follow-up duration was 
10.56 months, with a median of 6 months (min: 1 month, max: 
57 months). The median age was 59 years (min: 31 years, 
max: 83 years). The number of patients who underwent WBRT, 
GK radiosurgery, and combined WBRT-GK was 43 (47.3%), 
23 (25.3%), and 25 (27.5%), respectively. In our study, 38 
patients with only WBRT treatment, 18 patients with only GK 
radiosurgery treatment, and 17 patients with combined WBRT-
GK treatment died. The median OS for all patients with BMs 
was 6 months (range: 1–57 months; 95% CI: 3.664–8.336).

Survival Analysis

In the univariate analysis (Kaplan-Meier, log rank test), the 
median OS was significantly associated with the factors of 
sex, primary tumour type, treatment of combined WBRT-GK, 
the presence of brain metastasectomy, KPS score, RPA class, 
BS-BM, DS-GPA, controlled primary tumour, and the absence 
of extracranial metastases (p<0.05). The clinical characteristics 
and results of the univariate analysis of the OS of patients with 
BMs are presented in Table II. The median OSs were 4 and 
27 months among men and women, respectively (p=0.00). 
Specifically, the median OS was 5 months for lung cancer, 
9 months for other cancers (urogenital, colorectal cancer, 
malignant melanoma), and >9 months for breast cancer 
(p=0.04). For the lung cancer subtypes, the median OS was 4 
months for squamous cell carcinoma (SCC), and 6 months for 
both adenocarcinoma (AC) and small cell lung cancer (SCLC) 
(p=0.00). The median OSs of the WBRT, GK, and combined 
WBRT-GK treatments were 6, 4, and 15 months, respectively 
(p=0.04) (Figure 1). In our study, 24 of the 33 patients who 
underwent surgery, and 49 of the 58 patients who did not 
undergo surgery died. The median OS was 4 months and 14 
months for the patients who did not undergo surgery and for 
those who underwent surgery, respectively (p=0.01). Moreover, 
the median OSs were 9 and 4 months for patients with a KPS 
of ≥70 and lower KPSs, respectively (p=0.01). The median 
OS was significantly associated with the controlled primary 
tumour and the absence of extracranial metastases (p<0.05). 
For the absence and the presence of primary tumour control, 
the median OSs were 4 months and 26 months, respectively 
(p=0.00). The median OS was 15 months in patients without 
extracranial metastases, whereas it was 5 months in patients 
with extracranial metastases (p=0.00). All prognostic index 
scores (RPA class, BS-BM, and DS-GPA) were closely related 
to the prognoses in our study from the univariate analysis 
(Kaplan-Meier, log rank test) (Figure 2). The median OSs were 
20, 8, and 4 months for patients with RPA Class 1, RPA Class 
2, and RPA Class 3, respectively (p=0.00). Further, the median 
OSs were 4, 6, 12, and 26 months for patients with BS-BM 
0, BS-BM 1, BS-BM 2, and BS-BM 3, respectively (p=0.00). 
Meanwhile, for patients with DS-GPA 0–1 and DS-GPA 1.5–
2.5, the median OS was 6 months, whereas the median OS 
was ≥15 months for patients with DS-GPA 3 and DS-GPA 
3.5–4 (p=0.00).

In the univariate analysis, we also found that the BMs ≥5, 
total tumour volume >4 cm3, male sex, absence of brain 
metastasectomy, and the KPS ≥70 significantly correlated 
with the OS for the combined WBRT-GK treatment according 
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treatments among men. Accordingly, the median OSs were 4, 
3, and 9 months for the WBRT, GK, and the combined WBRT-
GK, respectively (p=0.02). The median OS was not statistically 
significant according to the treatment modalities among 
women (p>0.05). In the absence of a brain metastasectomy, 
the median OS was 4 months for both the WBRT and GK 

to treatment modality. However, the total tumour volume ≤4 
cm3 significantly correlated with the OS for the GK treatment 
from the univariate analysis (p<0.05). The results of the 
univariate analysis (Kaplan-Meier, log rank test) of the OS 
of the prognostic factors to the treatment modalities are 
presented in Table III. The OSs were different for different 

Table II:  Clinical Characteristics  and Results of the Univariate Analysis (Kaplan-Meier, Log Rank Test) of OS of Patients with Brain 
Metastasis

Clinical characteristics  
(n=91)

Number of 
patients (%) 

Exitus 
(n=73)

Log Rank       

Median OS ± SE     95% CI p

Age  >60 years
         ≤60 years

43 (47.3)
48 (52.7)

38
35

6 months ± 0.977 CI: 4.085-7.915
8 months ± 1.731 CI: 4.608-11.392 p>0.05

Male 
Female  

69 (75.8)
22 (24.2)

62
11

4 months ± 0.692 CI: 2.643-5.357
27 months ± 7.517 CI: 12.266-41.734 p=0.00

Lung cancer 
Breast cancer
Other cancers

63 (69.2)
13 (14.3)
15 (16.5)

55
3

15

5 months ± 0.700 CI: 12.266-41.734
-                    

9 months ± 3.162 CI: 2.802-15.198
p=0.04

Radiotherapy (WBRT)
Radiosurgery (GK)
WBRT–GK )(combined) 

43 (47.3)
23 (25.3)
25 (27.5)

38
18
17

6 months ± 1.085 CI: 3.872-8.128
4 months ± 0.792 CI: 2.447-5.553

15 months ± 6.783 CI: 1.705-28.295

p=0.04

Brain metastasectomy
No brain metastasectomy 

33 (36.3)
58 (63.7)

24
49

14 months ± 4.922 CI: 4.354-23.646
4 months ± 0.760 CI: 2.511-5.489

p=0.01

Controlled primary tumor 
Uncontrolled primary tumor 

24 (26.4)
67 (73.6)

13
60

26 months ± 7.527 CI: 11.247-40.753
4 months ± 0.767 CI: 2.497-5.503

p=0.00

No extracranial metastases 
Extracranial metastases

24 (26.4)
67 (73.6)

14
59

15 months ± 6.735 CI: 1.799-28.201
5 months ± 0.877 CI: 3.281-6.719

p=0.00

1–2 brain metastases
3–4 brain metastases  
≥5 brain metastases

48 (52.7)
24 (26.4)
19 (20.9)

35
22
16

6 months ± 1.732 CI: 2.605-9.395
8 months ± 1.953 CI: 4.173-11.827
4 months ± 0.861 CI: 2.313-5.687

p>0.05

TBMV  >4 cm3 
TBMV ≤4 cm3 

76 (83.5)
15 (16.5)

63
10

6 months ± 1.086 CI: 3.871-8.129
9 months ± 7.213 CI: 0.000-23.138 p>0.05

KPS ≥70
KPS ≤60 

58 (63.7)
33 (36.3)

43
30

9 months ± 1.418 CI: 6.221-11.779
4 months ± 0.592 CI: 2.839-5.161 p=0.01

RPA Class 1
RPA Class 2 
RPA Class 3 

12 (13.2)
46 (50.5)
33 (36.3)

6
37
30

20 months
8 months ± 1.408 CI: 5.241-10.759
4 months ± 0.592 CI: 2.839-5.161

p=0.00

BS-BM 0 
BS-BM 1 
BS-BM 2 
BS-BM 3 

27 (29.7)
38 (41.8)
10 (11)
16 (17.6)

25
34
6
8

4 months ± 0.548 CI: 2.927-5.073
6 months ± 1.541 CI: 2.979-9.021
12 months ± 7.514 CI: 0-26.728

26 months

p=0.00

DS-GPA 0-1
DS-GPA 1.5-2.5
DS-GPA 3 
DS-GPA 3.5-4 

37 (40.7)
39 (42.9)
10 (11)

5 (5.5)

31
36
5
1

6 months ± 1.516 CI: 3.029-8.971
6 months ± 1.239 CI: 3.572-8.428

15 months
-

p=0.00

Median survival (n=91) 6 months ± SE: 1.192 (range: 1–57 months; 95% CI: 3.664–8.336)

WBRT: Whole brain radiotherapy, GK: Gamma knife, KPS: Karnofsky performance status, RPA: Recursive partitioning analysis, BS-BM: Basic 
score for brain metastases, DS-GPA: Diseases specific-graded prognostic assessment, OS: Overall survival, TBMV: Total brain metastases 
volume, SE: Standard error, CI: Confidence interval.
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patients with BM volumes of >4 cm3, the median OSs were 
6, 4, and 10 months for the WBRT, GK, and combined WBRT-
GK treatments, respectively (p=0.01). For patients with BM 
volumes of ≤4 cm3, the median OS was 1 month for the WBRT 
and 18 months for the combined WBRT-GK treatment, and 
>18 months for the GK treatment according to the different 
treatment modalities in the univariate analysis (p=0.00). The 
median OSs were 7, 6, and 18 months for the WBRT, GK, 
and WBRT-GK treatments for patients with a KPS of ≥70, 
respectively (p=0.052). The median OS for patients with lower 

treatments, and was 9 months for the combined WBRT-GK 
treatment (p=0.00). According to the different treatments, the 
median OSs were not statistically significant for patients with a 
brain metastasectomy (p>0.05). Among the patients with oligo 
BMs, the median OS was not statistically significant according 
to the treatment modalities (p>0.05). For those with 5 or more 
BMs, the median OS was 4 months for the WBRT and 1 month 
for the GK treatment, respectively, while for the combined 
WBRT-GK treatment, the OS was >4 months according to 
the different treatment modalities (p=0.00). Moreover, for 

Figure 1: Kaplan-Meier analysis of the 
overall survival of patients with brain 
metastases according to treatment 
strategies.

Figure 2: Kaplan-Meier analysis of the overall survival of patients with brain metastases according to the class of prognostic scores.
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treatment. Considering these findings, this combined therapy 
may be preferred for men.

In our study, including 63 patients with lung cancer, for the 
lung cancer subtypes, the median OS was 4 months for 
SCC, and 6 months for AC and SCLC (p=0.00). In addition, 
the median survival of lung cancer was 4 months for both 
the WBRT and GK treatments, while that for the WBRT-GK 
treatment was 8 months. In our study, patients with BMs from 
AC and SCLC generally had a better survival rate. In addition, 
for patients with BMs from lung cancer, the combined WBRT-
GK treatment had a better OS. In a study by Kuremsky et al. 
which included 271 patients, the median survival was 10.2, 
5.9, and 5.3 months for patients with BMs from ACA, SCLC, 
and SCC, respectively. For the SCLC and SCC histology 
types predicted at an earlier time for salvage WBRT, the OS 
worsened. The authors reported that the histological subtype 
may represent a new variable between the current prognostic 
indexes. Compared with SCC, AC has had a better success 
in recent years due to the success of systemic treatment, 
as reported in our study (19). In cases of wild-type EGFR 
and ALK NSCLC, there are few effective systemic options; 
therefore, WBRT may have a more prominent role. Despite the 
current trend of preferring SRS alone, the important role of 
WBRT should be carefully considered, particularly for patients 
with BMs from NSCLC who have a favourable prognosis (16).

Similar to our study, the median OS was the highest among 
patients with breast cancer compared with that of patients 
with lung cancer and other cancer types (12,14,25). In another 
study, no difference was reported between the OSs of patients 
with breast and lung cancers (8). In the study by Miller et al. 
which included 547 patients with BMs from breast cancer, the 
median survival was not enhanced by hormone therapy in the 

KPS scores was not statistically significant according to the 
different treatments (p>0.05).

The multivariate analysis demonstrated that the female sex 
(p=0.030), controlled primary tumour (p=0.007), treatment 
with WBRT-GK (p=0.001), and brain metastasectomy 
(p=0.047) significantly correlated with the OS. The results 
of the multivariate analysis (the Cox regression model) of 
the OS of the prognostic factors are presented in Table IV. 
In the multivariate analysis, the controlled primary tumour 
significantly correlated with the OS, whereas, the absence of 
extracranial metastases showed negligible correlation with 
the OS. In the multivariate analysis, the BS-BM (p=0.022) 
was closely related to the overall survival according to the 
class of prognostic index scores in our study. Additionally, in 
multivariate analysis, the BS-BM better predicted the survival 
of patients with BMs regarding the prognostic index scores. 
We found that the BS-BM was an appropriate prognostic 
score index in both the multivariate and univariate analyses. 
However, the RPA class and DS-GPA were not statistically 
significant in the multivariate analysis. The results of the 
multivariate analysis of the OSs according to the class of 
prognostic scores are presented in Table IV.

█    DISCUSSION
In our study, the median general survival among men and 
women was 4 and 27 months, respectively (p=0.00). Harris et 
al. reported that the general survival of GK radiosurgery did not 
differ with respect to sex and previous WBRT applications (14). 
Similar to our study, many studies have shown better survival 
among women than men (2,12,25). Although the survival of 
men with brain metastasis is poor, our study findings confirm 
that the survival rate of men improves following WBRT-GK 

Table IV: Results of the Multivariate Analysis (Cox- Regression Test) of Overall Survival of the Prognostic Factors and Prognostic Indexes

Clinical characteristics (n=91) Cox Regression
p HR 95% CIPrognostic factors

Male vs.Female
Lung cancer  
Breast cancer
Other cancers
Radiotherapy (WBRT)
Radiosurgery (GK)
WBRT–GK )(combined) 
Brain metastasectomy vs. No brain metastasectomy 
Controlled primary tumor vs. Uncontrolled primary tumor 
No extracranial metastases vs. Extracranial metastases
KPS ≥70 vs. KPS ≤60 

p=0.030 HR: 0.390 CI: 1.166-0.913
p=0.499 
p=0.293 HR: 0.449 CI: 0.101-1.997
p=0.832 HR: 1.078 CI: 0.539-2.155
p=0.025  
p=0.891 HR: 1.045 CI: 0.559-1.954
p=0.015 HR: 0.445 CI: 0.232-0.853
p=0.047 HR: 1.766 CI: 1.008-3.093
p=0.007 HR: 3.123 CI: 1.366-7.136
p=0.244 HR: 1.612 CI: 0.722-3.599
p=0.591 HR: 1.159 CI: 0.676-1.986

Prognostic indices 

RPA Class 1-2 vs. RPA Class 3
BS-BM 0-1 vs. BS-BM 2-3
DS-GPA 0-2.5 vs. 3-4

p=0.279 HR: 1.310 CI: 0.803-2.138
p=0.022 HR: 0.472 CI: 0.248-0.897
p=0.059 HR: 0.422 CI: 0.173-1.034

WBRT: Whole brain radiotherapy, GK: Gamma knife, KPS: Karnofsky performance status, RPA: Recursive partitioning analysis, BS-BM: Basic 
score for brain metastases, DS-GPA: Diseases specific-graded prognostic assessment, OS: Overall survival, SE: Standard error, CI: Confidence 
interval, HR: hazard ratio.
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cases with controlled primary tumours, similar to our study (8). 
However, another study reported that the OS was improved 
in patients with controlled primary tumours and a previous 
metastasectomy (14).

RPA Class 1 (Class 1, median survival 20 months) was different 
from the original data because the number of patients in RPA 
Class 1 in this study was small. In the first RTOG study by 
Gaspar et al. (10), the median OS of patients with RPA Class 
1 was 7.1 months. In another study including 445 cases, 
also by Gaspar et al. (11) the median OS was 6.2 months for 
RPA 1 and 3.8 months for RPA 2. In a study of 528 cases by 
Nieder, the RPA class received similar results, but the number 
of patients in RPA Class 1 was very small (27). In the study 
of 110 patients by Lorenzoni et al., the median OS was 27.6 
months for RPA Class 1 and 10.7 months for RPA Class 2, 
similar to our study (22). 

In our multivariate analysis, the BS-BM (p=0.022) better 
predicted the survival of BM. Lorenzoni et al. reported that the 
median OS was undefined for BS-BM 3 (55% at 32 months) 
and was 13.1 months for BS-BM 2. However, the median 
OS was 26 months for BS-BM 3 and 12 months for BS-BM 
2 in our study (22). Similar to our multivariate analysis, Villa 
et al. reported that the median OS improved for the BS-BM 
(p<0.001). In this prospective study, the prognostic indexes of 
the RPA, BS-BM, and GPA scores were prognostically relevant 
in BM patients, similar to those in our univariate analysis (43). 
In another retrospective study of 335 patients by Xiaoyu et al., 
the RPA, BS-BM, and GPA scores were statistically significant 
for the OS, similar to our study (41). In the study of 1,960 cases 
with BM by Sperduto et al., the median OS was 6.9 and 11.0 
months in cases with GPA 3 and GPA 3.5–4.0, respectively 
(38). In our study with a small number of patients, the median 
OS was better for GPA (15 months for GPA 3; >15 months for 
GPA 3.5–4.0).

█   CONCLUSION
From the multivariate analysis, we found that female gender, 
control of primary tumours, combined WBRT-GK treatment, 
and brain metastasectomy were statistically significant for 
the OS of patients with BMs. In our study, all the published 
prognostic indices assessed could predict patient prognosis, 
demonstrating the reliability and clinical relevance of these 
scores. However, the BS-BM better predicted the survival of 
patients with BMs according to the prognostic index scores 
from the multivariate analysis. Our data suggest that the BS-
BM is the most appropriate prognostic index.
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cases with positive hormone receptors (15.3–13.9 months, 
p=0.21). The use of both HER2 antibody drugs (17.9 vs 15.1 
months; p=0.04) and HER2/EGFR TKIs (21.1–15.4 months, 
p=0.03) increased the survival rate. Molecular subtypes are 
prognostic factors for survival and determinant factors for 
the response to radiotherapy (24). Likewise, the agents used 
were believed to improve the survival of patients with breast 
cancer in our study as well, for which the highest survival was 
observed.

In the study by Bowden et al., the presence of multiple BMs is 
a negative predictor of a worse prognosis (5). In other studies, 
the number of metastatic lesions of 1–2 vs 3–4 vs. ≥5 did 
not approach significance. The importance of the number of 
BMs vs. the total tumour volume in predicting the OS remains 
debatable (8,24,39). In our multivariate analyses, the total 
tumour volume and number of BMs were not statistically 
significantly associated with OS. In the univariate analyses, we 
found that the total tumour volume was statistically significant 
only according to the different treatment modalities. However, 
the median OS was highest for the combined WBRT-GK 
treatment for patients with BM volumes of >4 cm3 and for the 
GK treatment of patients with BM volumes of ≤4 cm3. Many 
studies have shown that the tumour volume was statistically 
significantly correlated with the OS (3,4,20). Thus, the total 
tumour volume should be examined more closely in future 
studies. In our study, the median survival rate of patients 
with ≥5 metastases was lower than that of those with oligo 
metastases (p>0.05). Moreover, the median survival was the 
highest for patients with ≥5 BMs for the combined WBRT-GK 
treatment (p=0.00). For patients with ≥5 BMs, GK salvage 
therapy may be applied with WBRT (36). Considering the 
survival benefit of the combination of WBRT and SRS, 
hippocampus sparing-WBRT studies are required to reduce 
the cognitive effects of WBRT (13).

In our study, the median survival of patients who underwent 
a brain metastasectomy was better than those who did not 
undergo a brain metastasectomy, which was statistically 
significant. The combined WBRT-GK treatment improved 
the OS of those patients who did not undergo brain 
metastasectomy. The combined WBRT-GK treatment was 
not related with the median OS in patients undergoing a 
brain metastasectomy. In two trials, (32,42) a survival benefit 
was reported for patients undergoing combined brain 
metastasectomy and WBRT.

Similar to other studies, we demonstrated that the OS is better 
for patients with KPS ≥ 70 from the univariate analysis (30,31). 
Xiaoyu et al. showed that the OS increased for patients with 
a favourable KPS score from univariate and multivariate 
analyses (41).

In our study, the OS increased for patients with a favourable 
KPS, better control of extracranial disease, and controlled 
primary tumour, as reported by Gao et al. (9). Our series also 
matches with previous reports which have demonstrated 
an improved median OS with better control of extracranial 
disease (35,41). The OS was also better in the study of 294 
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