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Abstract: Background and purpose: Brain metastases (BMs) are typically associated with poor patient prognosis. 
Radiation therapy remains the primary treatment for BMs, and patient’s prognosis is affected by many factors. The 
aim of this study was to identify prognostic factors and to compare prognostic index scores in patients with BMs 
who received whole-brain radiotherapy (WBRT). Methods: A retrospective prognostic study was conducted in 125 
patients with BMs who underwent WBRT between Jan 2008 and Jul 2011. The significance of prognostic variables 
with regard to survival was determined using univariate and multivariate analyses. A prognostic index (PI) was 
established based on Cox regression analysis and subgrouping values. The recursive partitioning analysis classes 
(RPA), basic score for brain metastases (BS-BM), Graded Prognostic Assessment index (GPA), and PI were assessed 
with regard to prognosis. Results: The median survival time was 213 days (7.1 months). In the univariate analysis 
of the test group, survival was significantly associated with Karnofsky performance status (KPS) score, the number 
of BMs, the presence of extracranial metastases, primary tumor status and the number of involved extracranial 
organs. The multivariate analysis showed that the KPS score (P = 0.002, Wald = 9.700), presence of extracranial 
metastases (P = 0.018, Wald = 5.604) and primary tumor status (P = 0.001, Wald = 10.212) were significantly 
correlated with overall survival. RPA, BS-BM and GPA were all closely related to prognosis, as determined using a 
log-rank test. In predicting the 3- and 6-month survival for patients, the PI was superior to the other three modes. 
Conclusions: The three indexes, RPA, BS-BM and GPA, are valid prognostic index models; however, the PI model was 
the most powerful.
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Introduction

Brain metastases (BMs) represent a major ca- 
use of morbidity and mortality in patients with 
cancer. Up to 40% of all cancer patients devel-
op BMs during the course of their disease [1]. 
The prognosis of patients with BMs is poor, 
with a median survival time among untreated 
patients of approximately 1 month [2]. Whole-
brain radiation therapy (WBRT) alone is the 
most common treatment for these patients, in 
particular for patients with multiple lesions, al- 
though other treatment approaches are avail-
able for selected patients with a small number 
of lesions [1, 3].

In recent years, great efforts have been made 
to better understand the prognostic factors for 
patients with BMs. Theoretically, the results of 
such analyses could be used to create prognos-
tic scores that might help select the appropri-
ate treatment recommendations for the indi-
vidual patient. Several scoring systems already 
exist [4-7], such as the recursive partitioning 
analysis classes (RPA), basic score for brain 
metastases (BS-BM), graded prognostic asse- 
ssment index (GPA), Rotterdam score, Germany 
score, Diagnosis-Specific Graded Prognostic As- 
sessment (DS-GPA) and others. The preceding 
three prognostic grading systems are the most 
widely used. The prognostic index (PI) discussed 
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in this paper was established based on Cox 
regression analysis and subgrouping values of 
each prognostic factor. The purpose of the pr- 
esent study was to identify the efficacy of radia-
tion therapy, to determine prognostic factors 
and to assess how the RPA, BS-BM, GPA and PI 
relate to patient prognosis.

Materials and methods 

Patient population and eligibility criteria

A total of 140 cases of patients admitted to our 
department between Jan. 2008 and July 2011 
met the selection criteria. Among the 140 pa- 
tients, 15 cases were lost during follow-up. The 
selection criteria were as follows: pathological 
diagnosis of primary tumor type and imaging 
diagnosis [computed tomography (CT) and (or) 
magnetic resonance imaging (MRI)] of BM, re- 
ceived WBRT (complete treatment, TD ≥ 30 Gy) 
and did not receive BM surgical resection or 
stereotactic radiosurgery; no history of other 
malignant tumors; age ≤ 80 y; and KPS ≥ 50. By 
July 31, 2012, a total of 125 cases had com-
plete follow-up data, among which 45 cases 
were males and 80 cases were females; the pa- 
tient ages ranged between 20 and 80 years. 

General information 

Among all patients, 36 cases (29%) had a soli-
tary BM, and 89 cases (71%) had multiple BMs; 

6 MV of X-ray irradiation was utilized for this 
treatment. Patients received whole-brain, par-
allel, opposed bilateral field irradiation, with a 
tumor dose of 3000-4000 cGy/2-4 weeks. 
Additional doses of 1000-2000 cGy/1-2 weeks 
were added at the tumor bed for patients with a 
single metastatic lesion. Mannitol and gluco-
corticoid dehydration treatment was performed 
during radiotherapy.

Methods 

The primary endpoint of the study was the over-
all survival (OS) for all patients meeting the 
selection criteria. Survival was determined fr- 
om the starting date of BM radiotherapy. The 
following items were analyzed: 1. the effect of 
WBRT on patient symptoms, reduction in intra-
cranial tumor size and patient survival; 2. the 
differences in the survival of BM patients with 
different pathological tumor types; 3. the vari-
ous prognostic factors affecting survival, inclu- 
ding age, gender, KPS, number of lesions, extra- 
cranial metastases, pathology, primary lesion, 
total dose, and number of involved extracranial 
organs; univariate analysis was performed first, 
and factors with significance were then subject-
ed to multivariate analysis; 4. the relationship 
between 3 prognosis index scoring systems 
(RPA, BS-BM and GPA) and prognosis; the pa- 
tients were grouped according to the three sc- 
oring systems to compare the survivals among 

Figure 1. Survival curves of patients receiving radiotherapy for brain me-
tastases.

most of the lesions were located 
within the brain parenchyma. 
There were 70 cases (56%) of lu- 
ng cancer, 39 cases (31%) of br- 
east cancer, 8 cases (7%) of ga- 
strointestinal tumors, 3 cases 
(2%) of gynecological tumors 
and 5 cases (4%) of other tu- 
mors. Eighty-five cases were ac- 
companied by extracranial me- 
tastasis, which were commonly 
found in the lungs, bones, livers 
and lymph nodes. The clinical 
manifestations were primarily pr- 
ogressive increased intracranial 
pressure symptoms and local 
signs of nerve damage. Heada- 
che and dizziness were the most 
common symptoms of parench- 
ymal metastatic tumor, followed 
by limb muscle strength chang-
es, and then seizures.

Treatment
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the 3 groups; 5. the prediction ability and com-
parison of the different models. 

Statistical analyses 

In the test group, univariate analyses of surviv-
al were performed with the Kaplan-Meier meth-
od and the log-rank test. Those prognostic fac-
tors that were significant in the univariate anal-
ysis (P < 0.05) were additionally evaluated in a 
multivariate analysis, which was performed wi- 
th the Cox proportional hazards model. The PI 
was established based on the sum of the prod-
uct of the coefficient of variation of the Cox 

tively. The 1- and 2-year survival rates were 
34.4% and 6% (the survival curves are shown in 
Figure 1).

Effect of pathological type on survival 

The data showed no significant difference in 
the survival of BM patients with different patho-
logical tumor types (χ2 = 8.218, P = 0.084).

Prognostic univariate and multivariate survival 
analyses

In the univariate analysis of the test group, sur-
vival was significantly associated with KPS 

Table 1. Univariate survival analysis (log-rank test)
Factor n (%) P value χ2 value
Age/year 0.927 .008
    < 65 100 (80)
    ≥ 65 25 (20)
Gender 0.241 1.373
    Male 45 (36)
    Female 80 (64)
KPS 0.000 25.068
    ≥ 70 98 (78)
    < 70 27 (22)
No. of lesions 0.002 12.489
    1 36 (29)
    2-3 40 (32)
    > 3 49 (39)
Extracranial metastases 0.000 22.472
    Yes 85 (68)
    No 40 (32)
Pathology 0.084 8.218
    Lung 70 (56)
    Breast 39 (31)
    Gastrointestinal 8 (7)
    Gynecological 3 (2)
    Other 5 (4)
Primary lesion 0.000 21.376
    Controlled 79 (63)
    Uncontrolled 46 (37)
Total dose 0.516 1.323
    30 11 (9)
    > 30, ≤ 40 92 (74)
    > 40 22 (17)
No. of involved extracranial organs 0.008 27.340
    0 40 (32)
    1 35 (28)
    2 28 (22)
    ≥ 3 22 (18)

model and subgrouping value of each 
prognostic factor. Analyses were perfor- 
med using IBM Statistics Data Editor, ver-
sion 19.0. Using MedCalc software and 
the receiver operating characteristic cur- 
ve (ROC), the area under the curve (AUC) 
of the PI and three other scoring modes 
were compared regarding the prediction 
of the 3- and 6-month survival for pati- 
ents. An AUC of 0.5 indicates no diagnos-
tic value of the detection index; a diagno-
sis of a low, medium, and high value refer 
to scores of 0.5-0.7, 0.7-0.9 and 0.9 or 
more, respectively.

Results

General information

The selected patients all had treatment 
efficacy information available, and 125 
cases had complete follow-up data, am- 
ong which 45 cases were males and 80 
cases were females. The patient ages ra- 
nged from 20-80 years, with a median 
age of 56 years; 98 cases had KPS ≥ 70, 
and 27 cases had KPS < 70. All patients 
received WBRT treatment. At 3 months 
after radiotherapy completion, cranial M- 
RI or CT was repeated and viewed (com-
pared with the imaging results before the 
radiotherapy). A total of 12% CR (com-
plete response), 68% PR (partial respo- 
nse), 10% SD (stable disease), and 10% 
PD (progressive disease) were seen in 
patients with brain metastases. By the 
end of follow-up, there were 116 cases of 
deaths and 9 cases of survival among 
the 125 cases of patients. Kaplan-Meier 
analysis results showed that the median 
survival of the whole group was 213 days 
(7.1 months). The 3- and 6-month surviv-
al rates were 80.8% and 55.2%, respec-
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score, the number of brain metastases, pres-
ence of extracranial metastases, primary tumor 
status and the number of involved extracranial 
organs (P < 0.05; Table 1). The multivariate an- 
alysis showed that KPS score (P = 0.002, Wa- 
ld = 9.700), the presence of extracranial metas-
tases (P = 0.018, Wald = 5.604) and primary 
tumor status (P = 0.001, Wald = 10.212) signifi-
cantly correlated with overall survival (Table 2).

The relationship between 3 scoring models 
and prognosis 

A log-rank test suggested that all 3 scoring 
models, RPA, BS-BM and GPA, were associated 
with prognosis. The median survival for patients 
of RPA level I, level II and level III in our study 
was 17.5 months, 6.6 months and 3.2 months, 
respectively. The median survival of patients 
with a BS-BM score of 0, 1, 2 or 3 was 2 mo- 
nths, 4.3 months, 12.2 months and 19.3 mon- 
ths, respectively. The median survival of pati- 
ents with a GPA score of 0-1.0, 1.5-2.0, 2.5-3.0 
or 3.5-4 was 3.2 months, 7 months, 14.3 mon- 
ths and 17.5 months, respectively (Figure 2).

Evaluation of the prediction ability of different 
models 

Our study used a Cox multivariate regression 
model to perform prognosis analysis and sh- 
owed that 3 factors, KPS, the presence of ex- 
tracranial metastases and primary tumor sta-
tus, affect overall survival. The prognostic pre-
diction PI model was established based on our 
group data. Based on PI value = group value of 
prognostic factor 1* the coefficient of variation 
1 (β1) + group value of prognostic factor 2* the 
coefficient of variation 2 (β2) +…, the PI value in 
our group = -0.757* KPS group (1 or 2) -0.790 
* the presence of extracranial metastases (0 
or 1) -0.706* primary tumor status (0 or 1). This 
equation was used to calculate the individual PI 
value of the 125 patients. ROC curves were us- 
ed to show the prediction results after compar-
ing 4 prognostic index scores: PI, RPA, BS-BM 
and GPA (Figure 3). The pairwise comparison of 

wise comparison of the AUC of prediction of the 
6-month survival rate respectively between the 
PI value and RPA (P < 0.0001), BS-BM (P = 
0.0273) and GPA (P = 0.0002) all showed sig-
nificant differences. These results showed that 
with regard to predicting the 3- and 6-month 
survival rates of patients in our study, the PI 
was superior to the other scoring models (Table 
3). The PI value predicted that the AUC of the 
3- and 6-month survival rates were 0.914 and 
0.900, respectively (Table 3). Therefore, the 
four indexes are all valid prognostic index mod-
els, and the PI model is the most powerful.

Discussion

Many patients with BMs have a relatively poor 
survival prognosis, whereas some patients may 
live for a few years. It is important to be able to 
estimate patient survival to determine the best 
therapy for each individual case. Traditionally, 
radiation therapy has constituted the primary 
treatment for brain metastases. WBRT is admi- 
nistered to address both visible disease and 
presumed micro deposits of tumor cells in the 
brain. A total dose of 30 Gy to 40 Gy is typically 
delivered to the patient in daily fractions of 2 Gy 
to 3 Gy [8]. In general, surgical resection of the 
BM is a treatment option considered primarily 
in patients with a single, large lesion, and ste-
reotactic radiosurgery is reserved for lesions 
whose maximum diameter is 3 cm or less, with 
better tumor control rates observed in smaller 
lesions [8]. To reduce the risk of a selection 
bias, only patients who received WBRT alone 
were included in this study. Patients generally 
in good condition were given a booster dose to 
local lesions in the brain after WBRT.

In our study, after receiving WBRT, 12% of 
patients with intracranial tumors showed CR, 
68% showed PR, 10% showed SD, and 10% sh- 
owed PD. Kaplan-Meier analysis results showed 
that the median survival in the whole group was 
7.1 months, which is approximately 4 months 
longer than what has been reported in the lit-
erature [4, 9, 10]. The 3- and 6-month survival 

Table 2. Multivariate COX regression analysis
Factor B SE Wald P value 95.0% CI 
KPS -0.757 0.235 10.369 0.001 0.296-0.744
Extracranial metastases -0.790 0.218 13.079 0.000 0.296-0.696
Control of primary tumor -0.706 0.199 12.608 0.000 0.334-0.729
Maximum likelihood estimation of forward stepwise regression method (Forward: 
LR).

the AUC of the 3-month survival 
rate between the PI value and 
RPA (P < 0.0001), as well as 
between the PI value and GPA (P 
= 0.0012), showed significant 
differences (P < 0.0001), while 
the PI value showed no signifi-
cant difference compared with 
BS-BM (P = 0.1571). The pair-
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rates were 80.8% and 55.2%, respectively; the 
1- and 2-year survival rates were 34.4% and 
6%, respectively. However, improved intracra-
nial symptoms in patients do not necessarily 
indicate improved survival. The effects on sur-
vival are difficult to determine due to the exis-
tence of lesions at other sites. Not all of the 
causes of death in patients are associated with 
brain lesions; therefore, the analysis of prog-
nostic factors is necessary. 

As for BM patients, studying and discussing on 
how to improve life quality and prolong survival, 
as well as analyzing related factors that affect 
survival, play important roles in guiding individ-
ualized clinical treatment. Clinical variables as- 
sociated with survival have been well studied 
over the years. There are many non-treatment 
factors that affect the prognosis of patients 
with BMs. The literature showed that significant 

prognostic factors include age, KPS score, pri-
mary lesion control, the presence of extracra-
nial metastasis, the presence of multiple me- 
tastases, etc. [4-7]. Several scoring systems 
have been established based on the combina-
tion of the screened prognostic factors. The 
RPA, BS-BM and GPA scoring systems are wide-
ly used in BM studies outside of China. Gaspar 
et al. [4], for the first time, proposed the BM 
prognostic index scoring model RPA. In 1997, 
RTOG performed regression analysis of various 
factors on 1200 cases of BM patients receiving 
radiotherapy (some patients first had surgical 
resection), which suggested that age, KPS sc- 
ore and disease conditions are associated with 
prognosis. The RPA can be divided into 3 levels 
based on scores: level I is age ≤ 65 years old, 
KPS ≥ 70, and patients with primary tumor le- 
sion control and no extracranial metastasis; 
level III includes patients with KPS score < 70; 

Figure 2. Survival curves for three prognos-
tic index models.
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and the other cases are considered level II. The 
results showed that patients in the different 
levels had significantly different prognoses; the 
median survival of patients in level I, II and III 
was 7.1, 4.2 and 2.3 months, respectively [4]. 
The RPA provides a standard for the clinical 
comparison of BM patients, and the reliability 
of this standard has been demonstrated by 
many clinical studies [2, 11-13]. Due to the 
wide range of patients grouped into level II, 
Yamamoto et al [14] further divided the RPA 
level II patients. Subsequently, well-known pro-
gnostic index scores, such as the BS-BM and 
GPA, were established. Lorenzoni et al. [5] pro-
posed a simplified grouping evaluation survival 
method, known as the BS-BM. The BS-BM uses 
3 prognostic factors that are each assigned a 
value of 1 or 0: KPS score; primary lesion con-
trol; and the existence of extracranial metasta-
sis. The scores are added, and the values range 

between 0 (the worst) and 3 (the best). The 
median survival of patients with a score of 0, 1, 
2 or 3 is 1.9 months, 3.3 months, 13.1 months 
and 32.0 months, respectively (P < 0.0001). No- 
ne of the score 0 patients have lived longer th- 
an 4 months. Studies have also compared 3 ev- 
aluation survival methods (RPA levels, SIR and 
BS-BM). In Cox analysis, it was shown that the 
SIR and BS-BM are closely associated with sur-
vival (P = 0.031 and P = 0.043, respectively). 
Because it is simple to use, the BS-BM is desir-
able, and it has been shown to be effective for 
clinical use [15]. Sperduto found in an RTO- 
G9508 [6] study that BM numbers may affect 
patient prognosis and also believed that the pri-
mary tumor control score has some subjectivi-
ty; therefore, Sperduto eliminated the primary 
tumor control score from the RPA and added 
BM numbers to the RPA to generate the GPA 
score system. The GPA system generates a va- 
lue between 0 and 4. A higher score indicates a 
better prognosis. In clinical studies, Sperduto 
summarized RTOG data from 5 clinical studies 
with a total of 1960 cases and demonstrated 
that the GPA is a good prognostic index. Thus 
the GPA has been widely used in the clinic [2, 
16-19]. 

The multivariate analysis in our study suggest-
ed that KPS, the presence of extracranial me- 
tastases and primary lesion control are major 
prognostic factors. Recently, other studies sug-
gested that pathological type and the extracra-
nial metastasis organ number are also associ-
ated with prognosis. It has been suggested that 
prognostic factors and the applicability of prog-
nostic systems will vary by primary diagnosis 

Figure 3. ROC curves of the prognostic index predicting the 3- and 6-month survival rates.

Table 3. AUC of each scoring model to predict 
survival

AUC P value 95% CI
Three-month survival 
    PI 0.914 < 0.0001 0.851-0.957
    BS-BM 0.850 < 0.0001 0.775-0.908
    GPA 0.755 < 0.0001 0.670-0.828
    RPA 0.738 < 0.0001 0.651-0.812
Six-month survival
    PI 0.900 < 0.0001 0.834-0.947
    BS-BM 0.808 < 0.0001 0.727-0.873
    GPA 0.761 < 0.0001 0.677-0.833
    RPA 0.758 < 0.0001 0.673 to 0.830
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Table 4. Median survival time in months, stratified by RPA, BS-BM, and GPA scores in our series and 
compared with the literature
RPA score Our Antoni Gaspar BS-BM score Our Antoni Lorenzoni GPA score Our Antoni Sperduto
I 17.5 20.1 7.1 0 2 1.6 2.2 0-1 3.2 2.5 3.1
II 6.6 5.1 4.2 1 4.3 3.7 3.4 1.5-2.0 7 4.4 5.4
III 3.2 1.3 2.3 2 12.2 8.9 5.1 2.5-3.0 14.3 9.0 9.6

3 19.3 20.6 7.0 3.5-4.0 17.5 19.1 16.7

and that site-specific prognostic systems shou- 
ld be developed. A study by Sperduto identified 
specific diagnostic prognostic factors and de- 
veloped the diagnosis-specific GPA (DS-GPA) 
indexes [7, 20, 21]. Among the studies, differ-
ent types of BM tumors have different prognos-
tic factors and different GPA calculation meth-
ods. For example, pathological subtype factors 
were added to breast cancer prognostic fac-
tors, while gastrointestinal tumor prognosis 
was only associated with KPS [20]. Retrospe- 
ctive data suggest that certain subpopulations 
of patients with BMs, such as those with ERB- 
B2-positive breast cancer (formerly known as 
HER2) or those with NSCLC caused by muta-
tions in the epidermal growth factor receptor 
gene, EGFR, survive longer than comparable 
patients with wild-type tumors [22, 23].

In our data analysis, the survival of BM patients 
with different pathological tumor types did not 
show a significant difference, which could be 
due to the small sample size. One study found 
that the number of involved extracranial organs 
was an independent prognostic factor in pa- 
tients with BM, which has not been previously 
demonstrated. Patients with involvement of on- 
ly one extracranial organ had a significantly bet-
ter survival prognosis than patients with invol- 
vement of two or more organs. Additionally, the 
type of extracranial organ involved by metastat-
ic disease had no significant impact on the sur-
vival prognosis. Patients with bone metastasis 
did not have a better prognosis than those pa- 
tients with lung metastasis, liver metastasis, or 
other metastasis. The retrospective nature of 
the data should be taken into account when 
interpreting these results [24, 25]. In our study, 
the number of organs with extracranial metas-
tasis showed a correlation with prognosis in 
univariate analysis but did not show a correla-
tion in multivariate analysis, which requires fur-
ther analysis using larger sample sizes. 

The log-rank test in our study suggested that 
the 3 prognostic index scores, RPA, BS-BM and 
GPA, were all associated with patient progno-

sis. Our study results are similar to other corre-
sponding literature studies [4, 5, 9, 20]. The 
median survival of patients of RPA level I, level 
II and level III in our study was 17.5 months, 6.6 
months and 3.2 months, respectively; the me- 
dian survival of patients with BS-BM scores 0, 
1, 2 and 3 was 2 months, 4.3 months, 12.2 mo- 
nths and 19.3 months, respectively. The medi-
an survival of patients with GPA scores 0-1.0, 
1.5-2.0, 2.5-3.0 and 3.5-4 was 3.2 months, 7 
months, 14.3 months and 17.5 months, respec-
tively. For RPA class III patients, the median OS 
of 3.2 months in our series was higher than 
that obtained from the Antoni and Gaspar re- 
search [4, 9]. With regard to RPA class I pa- 
tients, the median OS times in our series and 
Antoni were substantially higher than that of 
Gaspar [4, 9]. The BS-BM can be described the 
same way. The BS-BM scores 2 patients had a 
better outcome than those described in the 
study by Antoni and Lorenzoni et al. [5, 9]. For 
patients with GPA scores 2.5-3.0, our OS times 
compared favorably to those established in the 
Antoni and Sperduto analysis [9, 20]. The re- 
sults from the above studies suggested that 
patients belonging to RPA category III, BS-BM 0 
or GPA 0-1 had very poor median survival (Table 
4).

Our study used ROC curves to compare the 3- 
and 6-month survival rate predication ability. 
The results suggested that the AUC of predict-
ing the 3- and 6-month survival rate of the PI, 
0.914 and 0.900, respectively, are higher than 
those of the other 3 prognostic indexes. The 
results are satisfying. The reason for its supe-
rior prediction effect is that the PI is based on 
the weighted values given to each influence 
factor in our study; in comparison, the other 
scoring systems assign the same weight to dif-
ferent factors. 

The treatment of BM patients in our study was 
simple radiotherapy and auxiliary symptomatic 
treatment. Recent studies have reported that 
the combination of WBRT with TMZ for BMs 
from various solid tumors showed an overall 
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MST of 8-13 months and mild side effects [26]. 
With regard to lung cancer, tyrosine kinase 
inhibitor (TKI) treatment for BMs in lung cancer 
patients showed encouraging results, and tre- 
atment efficacy is related to EGFR mutation 
status. A small clinical trial showed that erlo-
tinib combined with WBRT has better efficacy 
compared with erlotinib alone, and toxicity can 
be tolerated [27, 28]; the median survival 
reached 11.8 months. 

In summary, BM is a late manifestation of ma- 
lignant tumors and the common cause of death 
and disability; radiotherapy is one of the main 
treatments of BM. The survival of BM patients 
is affected by many factors. Our study suggests 
that KPS, the presence of extracranial metas-
tases and primary lesion control are the prima-
ry prognostic factors. Our study provides clini-
cal evidence for prognostic evaluation of BM 
patients. The existing 3 prognostic scoring sys-
tems are all suitable for analyzing the data in 
our study; however, the PI model, which is ba- 
sed on our data, has a better performance than 
the other three systems. The study results req- 
uire further verification by prospective studies 
with larger sample sizes. In addition, WBRT co- 
mbined with chemotherapy and targeted thera-
py should also be investigated. It is hoped that 
prospective trials will help clarify and guide tr- 
eatment selection for patients to help optimize 
clinical outcomes.
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