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Introduction 

In cancer patients, brain metastases (BM) is among the major causes of morbidity and mortality. It was projected that ~20% of patients with 
cancer will develop BM (1, 2). The most common cancers associated with BM are breast cancer (BC) colorectal cancer, renal cell cancer, lung 
cancer, and melanoma. BC is among the most common cancers that cause BM. Approximately 5%-20% of metastatic BC patients have BM 
and, on including autopsy studies, the numbers may increase up to 30% (3, 4). The current National Comprehensive Cancer Network treatment 
guidelines for BM are based on status of the primary disease and number of metastases. Local treatment involving surgery or stereotactic 
radiosurgery (SRS) is recommended for patients having few metastases (preferably 1-3 BM) with controlled primary disease. For patients having 
multiple (>3) BM, Hippocampal Sparing Whole-brain radiotherapy (HS-WBRT) is recommended is the treatment option (5).

Survival of BM patients is very unpredictable and this is due to the tumor biology and patient heterogeneity. However, with advances in 
technology and systemic therapies, the prognosis of patients and their overall survival can be analyzed and improved using various data-driven 
prognostic tools including recursive partitioning analysis (RPA) and diagnosis-specific graded prognostic assessment (DS-GPA). 

The Radiation Therapy Oncology Group (RTOG) has published the RPA prognostic index for patients with BM (6). The scores in this 
index are derived based on patient age, Karnofsky Performance Status (KPS), and tumor status (Table 1a). Moreover, this has also been 
validated by several other studies (7-9). Unfortunately, RTOG-RPA is not specific (in terms of diagnosis) and does not reflect the current 
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ABSTRACT

Objective: This study aimed to evaluate various prognostic factors that play a vital role in stratifying and guiding tailored treatment strategies and survival 
outcome in breast cancer patients with brain metastases (BM).

Materials and Methods: Data regarding demography, clinical presentation, molecular subtypes, risk-stratification, treatment details, and outcomes were 
retrieved from medical records. All time-to-event (survival) outcomes were analyzed by Kaplan-Meir method and compared using log-rank test. Univariate 
and multivariate analysis of relevant prognostic factors were performed and p-values ≤0.05 were considered statistically significant.

Results: A total of 88 patients (median age: 50 years) were included for this study. The median follow-up time of all surviving patients was ~20 months. 
During the follow-up, 82 (93.1%) patients died. The median survival of all patients was 12 months, with 1-year and 2-year overall survival (OS) rate of 
51% and 22%, respectively. Based on univariate analysis, statistically significant prognostic factors for OS were molecular subtypes, number of BM, and 
Karnofsky Performance Status (KPS); however, number of BM and KPS emerged as independent predictors of survival based on multivariate analysis.

Conclusion: We conclude that, there are other important prognostic factor, such as number of BM, which may affect the OS of these patients, in addition 
to variables included in the diagnosis-specific graded prognostic assessment score. Prospective studies evaluating these factors are necessary to further refine  
the stratification of patients, which will aid the initiation of appropriate treatment to improve the OS of patients.
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advances in systemic therapy. To overcome these limitations, GPA 
was developed, validated, and adapted. In the GPA system, four 
parameters are evaluated: age, KPS, number of BM, and extra-cranial 
metastases (ECM). Recently, GPA was updated as DS-GPA index 
(Table 1b). DS-GPA includes another variable (molecular subtypes 
of BC) as a part of the prognostic factors that determine the overall 
survival (OS) of patients. 

As a result of the heterogeneity of BM, the clinical implications and 
nuances for management of the treatment differ greatly from patient 
to patient (10). Therefore, treatments based on a generalized protocol 
cannot be successful in all patients with BM, thus investigating the 
need for individualized treatment modalities. Therefore, this study 
aimed to analyze the survival outcomes and evaluate the factors 
affecting survival of BC patients with BM. 

Materials and Methods

Patients population

A total of 88 BC patients (all female, age range: 26–75 years) with 
BM, who were treated in our centre from Jan 2015 - Dec 2018, 
were enrolled in this retrospective single-center study. The study was 
approved by the Institutional Ethics Committee and all participants of 
this study signed a written informed consent. BM was diagnosed by 
either computed tomography (CT) head scan or magnetic resonance 
imaging (MRI) head scan of BC patients with symptoms like 
headache, vomiting, weakness, dizziness or neurological deficit or any 
other symptoms of BM. All clinical parameters and outcome data were 
retrieved from patients’ electronic medical records.

All diagnosed cases of BC, as well as radiologically or histologically 
proven BM patients were included for this study. All BM patients with 
primaries other than BC were excluded from the study.

Treatment

After diagnosis of BM, number of BM was assessed by neuroimaging 
(MRI scan or CT scan). Patients with multiple BM were treated with 

WBRT (30Gy/10# or 20Gy/5#), while patients having 1 or 2 BM 
with controlled primary or extracranial metastasis were treated by SRS. 
One patient underwent surgical removal of BM, followed by WBRT. 
After the local treatment for BM, all patients were treated by systemic 
therapy. OS was defined as the time interval between time of diagnosis 
of BM and time of death or last follow-up (if the patient is alive).

Prognostic factors for survival

Univariate and multivariate analyses were used to analyze factors 
that influence DS-GPA score. The factors considered were age, KPS, 
number of BM, burden of extra cranial disease, and molecular subtype. 
Patients were divided into various RPA: Class I (KPS score ≥70); II (all 
patients not at Class I or III), and III (KPS score <70) (Table 1).

Statistical analysis

The primary endpoint for this analysis was OS time, which was 
calculated by the Kaplan-Meier method. Statistically comparison of 
survival distribution was performed by log-rank test [at a significance 
level (p value) of ≤0.05]. Cox regression model was used to perform 
univariate and multivariate survival analysis in order to calculate 
p-value, hazard ratios (HR), and confidence intervals (95% CI) using 
SPSS Statistics for Windows Version 22.0 (SPSS, Chicago, IL, USA).

Results

Clinical profile

A total of 88 BC patients (median age: 50 years, age range: 26–75 
years, median follow-up of 20 months=1–56 months) were enrolled 
for this study. Patients were classified and distributed according to 
DS-GPA scoring and RPA class, as shown in Table 1 and 2. In 
this study, the median KPS score was 70 (range: 40–90). Based on 
molecular classification, there were 26 Luminal A patients (30%), 
13 Luminal B patients (15%), 27 HER2 patients (30%), and 22 
patients with Basal-like subtypes (25%). Of the total (88) patients, 
various forms of metastasis were observed: BM (15 patients); ECM 
(73 patients); solitary BM (17 patients); 2–3 BM (05 patients); and 
multiple metastasis (66 patients). Of the 17 solitary BM patients, 

Table 1b. Disease Specific Graded Prognostic Index scoring factor

Factors 0.0 0.5 1.0 1.5 2.0

KPS ≤50 60 70-80 90–100 –

Molecular subtype
Triple

negative
– Luminal A HER2 Luminal B

Age ≥60 <60 – – –

Luminal A - HER2 negative ER/PR positive; Luminal B - HER2/ER/PR positive; HER-2 - HER2 positive ER/PR negative; Triple negative - ER/PR/HER2 negative.

KPS: Karnofsky Performance Scale; ER: Estrogen receptor; PR: Progesterone Receptor; HER2: Human Epithelial Growth Factor Receptor-2.

Adapted from: Sperduto et al.11

Table 1a. Recursive partitioning analysis

Class Patient’s parameters 

Class 1 Patients with KPS > or =70, <65 years of age with controlled primary and no extra-cranial metastases

Class 2 All others

Class 3 KPS <70

KPS: Karnofsky Performance Scale

Adapted from: Gaspar et al.6
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four patients underwent SRS, while three patients underwent 
surgery as first local treatment, followed by WBRT. The remaining 
81 patients completely received WBRT to a dose of 30 Gy in 10 
fractions or 20 Gy in 5 fractions, in view of eliminating or ruling 
out either multiple BM (>3) or uncontrolled extra-cranial disease 
(ECD).

Survival analysis

The primary end point of this analysis was OS time, which was 
calculated by the Kaplan-Meier method. Median survival of patients 
was 12 months, while 1-year and 2-year OS was 51% and 22%, 
respectively. As at the time of the study, six patients were alive and 82 
patients had died due to the disease. 

To calculate the patients’ OS using scores, patients were given GPA 
scores and divided into RPA class according to clinical features (Table 
1). The patients score distribution, as well as mean and median survival 
are given in Table 2 and 3. Results indicate that patients having the 
highest GPA score of 3.5 had the best survival (16.7 months), while 
patients with luminal subtypes (15 months) had better survival than 
patients with non-luminal HER positive (13.6 months) and basal-like 
group (10.9 months) subtypes. Patients with controlled ECD had better 
survival when compared to those with uncontrolled ECD. In addition, 
patients having 1–3 BM lived longer than those having multiple 
metastases. Patients grouped under RPA class 1–2 were found had a 
good OS compared to those grouped under RPA class 3 (Table 3).

We performed a detailed univariate analysis of various demographical, 
clinical, and tumor characteristic factors so as to know their impact on 
OS of the patients. The log-rank test was used to identify the impact 
of various factors on OS of the patients. No statistically significant 
influence was observed with age (≤60 years vs >60 years, p=0.51) and 
presence of ECM (Present vs absent, p=0.14). However, molecular 
subtype (luminal vs non-luminal p=0.02) (Figure 1), number of BM 
(single vs multiple p=0.002) (Figure 2), and performance scale (KPS 
≥70 vs <70 p=0.021) (Figure 3) showed a statistically significant 
impact on OS of the patients. Using GPA (<2 vs ≥2 p=0.05) and RPA 
class (Class 1–2 vs class 3 p=0.02), we also cross-checked the impact of 
the scores on OS of the patients (Table 4). Patients who had received 
SRS or underwent surgery had better survival than patients who had 
received WBRT alone (p=0.015). This may be due to the higher 
burden of the disease either in form of multiple BM or uncontrolled 
ECD in patients who had received WBRT alone.

Cox proportional hazards model was used to calculate HR and 
95% CI of the multivariate survival analysis. Based on this analysis, 
only two variables, including KPS (HR: 1.83; 95% CI: 1.01–3.34; 
p=0.04) and number of BM (HR: 2.48; 95% CI: 1.18–5.21; 
p=0.01), were found to be independent prognostic factors that 
affect OS of the patients when compared to others, as shown in 
Table 5.

Discussion and Conclusion

At present, various local and systemic treatment modalities are applied 
for metastatic BC patients to improve their OS. Most importantly, 
the present need is to identify the most reliable predictors for these 
BC patient’s subset, which will further assist the doctors in initiating 

Table 2. Patients score distribution

Criteria Number Percentage (%)

RPA class

Class 1 10 12

Class 2 58 66

Class 3 20 22

GPA score

0–1 11 12

1.5 – 2.5 45 51

3 22 26

3.5 – 4 10 11

RPA: Recursive partitioning analysis; GPA: Graded prognostic assessment

Figure 1. Kaplan-Meier curves of overall survival stratified by 
molecular subtype 

Figure 2. Kaplan-Meier curves of overall survival stratified by number 
of brain metastases 

Figure 3. Kaplan-Meier curves of overall survival stratified by KPS 

KPS: Karnofsky Performance Status
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aggressive treatments immediately. The present study aimed to 
determine these prognostic factors. Based on the results of the 
univariate and multivariate analysis, number of BM and KPS emerged 
as statistically significant prognostic factors (p<0.05) that affect OS of 
the patients. 

Sperduto et al. (11) reported that median survival of this patient subset 
is directly proportional to their DS-GPA scores; in this study, we also 
observed a higher survival of patients with a higher GPA score as 
compared with patients with a lower GPA score.

Age is considered among the common prognostic factors in GPA 
scoring, such that patients below 60 years of age are scored 0.5 and 
patients above 60 years are scored 0, thus indicating that the former set 
of the populations had better survival than the latter group. However, 
from our results, age was found to be an insignificant prognostic factor 
that affects OS of the patients. This can be explained by the large 
percentage of triple-negative BC patients below 60 years in the Asian 
population as compared to those in western population, which itself 
is a negative prognostic factor in reducing the importance of age (12). 

KPS performance scale is another important prognostic factor that 
affects survival. Patients having KPS ≥70 had better survival when 
compared to patients having KPS <70 (HR: 0.56; CI: 95% 0.33–
0.94; p=0.037) and this is in agreement with previous studies (11, 13). 
Lower scores indicate the seriousness of the illness and, in many cases, 
it worsens patients’ OS with time (13, 14).

Another most important prognostic factor in management and survival 
of BC patients is molecular subtypes. Prevalence of molecular subtypes 
differs in Asian population (Luminal A=37%, Luminal B=8%, HER-
2 Rich=11%, and Basal-Like=26%) when compared to Western 
population (Luminal A=71%, Luminal B= 6%, Her-2 Rich=7%, and 
Basal-Like=15%) (15-17). Molecular subtypes always differ in terms 
of survival. Patients in the triple-negative BC group are worse in 
terms of survival when compared to ER/PR positive patients (luminal 
subgroups) (11, 18, 19). Results from our study on the overall impact 
on survival (HR: 0.66; CI: 95% 0.41–1.04; p=0.05) are in agreement 
with those of previous reports (11,16,18,19).

Some studies did not consider the number of BM as an independent 
prognostic factor (20). Results from our study suggest that patients 
having single BM had better survival when compare to patients with 
multiple BM. Based on multivariate analysis, number of BM was found 
to be an independent prognostic factor (HR: 2.48; CI: 95% 1.18–
5.21; p=0.01). Considering the impact of number of BM on survival, 
the removal of this prognostic factor from DS-GPA is questionable.

By considering different prognostic factors and finding patients of likely 
longer survival, treatments like SRS or surgery can be recommended. 
Offering such treatments can not only increase the survival of patients, 
but also decrease the chances of cognitive dysfunctions. Patients not 
feasible for SRS or surgery can be provided with hippocampus sparing 

Table 3. Mean and median survival of patients 
according to prognostic factors

Variables Means survival
(Months)

Median survival
(Months)

GPA score

3.5 16.7 17.5

3 15.7 15

2.5 11.2 10

≤2 10 8

Molecular Classification

Luminal A 15 12

Luminal B 15 17

HER2 Rich 13.6 13

Basal Like 10.9 8

Local Treatment

SRS / Surgery ± WBRT 25 15

WBRT Only 10 12

Extra cranial metastases

Present 12 12

Absent 18 15

RPA Class

Class 1–2 15 13

Class 3 10 7

Number of brain metastases

1 22 21

2–3 12 14

>3 11 10

SRS: Stereotactic radiosurgery; WBRT: Whole brain radiotherapy; GPA:

Graded prognostic assessment; RPA: Recursive partitioning analysis; 
HER2: Human epidermal growth factor receptor-2

Table 4. Univariate analysis of prognostic factors 
that affect survival outcomes p-values ≤0.05 are 
considered statistically significant 

Prognostic factors Variables  1-year OS Log-rank 
p-value

Age 
≤60 years 54%

0.51
>60 years 48%

Molecular subtypes
Luminal 61%

0.02
Non luminal 44%

Number of brain 
mets

Single 76%
0.002

Multiple 52%

KPS
>70 62%

0.02
<70 38%

Extra cranial 
metastases 

Present 52%
0.14

Absent 47%

GPA score
>2 57%

0.05
<2 45%

RPA class
Class 1-2 59%

0.02
Class 3 41%

OS: Overall survival; KPS: Karnofsky Performance Status; GPA: Graded 
prognostic assessment; RPA: Recursive partitioning analysis
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(HS)-WBRT using intensity-modulated radiotherapy technique. HS-
WBRT has yielded better results in preserving cognitive functions 
when compared to WBRT (21). Using HS-WBRT also prevents 
further decline in cognitive functions in terms of memory or quality of 
life. Patients who are eligible for this kind of focused treatment should 
be assessed for likely survival, for which all the prognostic factors 
mentioned in our present study can be employed.

The major strength of this study is that it is a single institutional study, 
where all patients were treated using a uniform protocol. This is one 
among the very few papers that focus on survival of BM patients in 
Asian population by considering similar variables, classifications, and 
scoring systems adopted in the Western settings. 

Limitations of this study include the retrospective nature of the study, 
which may impact the overall data. Secondly, there is no detailed 
follow-up data on treatment protocol before and after the diagnosis 
of BM. In addition, some of the patients failed to complete the 
systemic treatment due to social or financial reasons, thus resulting in 
a comparative lower survival than expected. 

In conclusion, we conclude that, there are various other prognostic 
factors (such as number of brain metastases) other than variables 
included in the DS-GPA score, which may affect the OS of these 
patients. Prospective studies evaluating these factors will further refine 
the stratification of patients, which will aid to initiate of appropriate 
treatment for improvement of OS of the patients.

Key Points

• Single institutional experience of clinical outcomes in 88 breast 
cancer patients with brain metastases and inclusion of molecular 
classification.

• Acceptable outcomes of 1-year and 2-year overall survival were 
51.0% and 22%, respectively

• Number of brain metastases and KPS emerged as independent 
predictors of survival based on multivariate analysis.
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