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Introduction

Patients with non-small cell lung carcinoma (NSCLC) 
develop brain metastases (BM) in about 20-40% of cases 
(Law et al., 2001; Ceresoli et al., 2002). With modern 
imaging techniques for detecting BM and prolonged 
survival of lung cancer patients due to improvements in 
both local and systemic approaches, the prevalence of BM 
is set to increase (Langley et al., 2013). Patients with BM 
from an underlying lung primary seem to fare less well 
in terms of overall survival compared with other primary 
tumour sites, such as breast and colonic malignancies, 
with a median survival of less than 3 months (Priestman 
et al., 1996; Sperduto et al., 2010; Natukula et al., 2013). 
This poses a difficult management conundrum. 

The management of these patients may include 
surgical resection, radiation therapy, or systemic therapy. 
The largest randomized trial to date looking at the role 
of WBRT in NSCLC showed no overall survival benefit 
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and no improvement in quality of life (Langley et al., 
2013). At the same time, WBRT can negatively impact 
quality of life (Chang et al., 2009). Surgical resection 
of brain metastases may reduce death from neurological 
causes and may offer improved functional independent 
survival (Hart et al., 2005). An alternative to open surgical 
resection is stereotactic radiosurgery (if delivered in single 
session) or stereotactic radiotherapy (usually between 
2 to 5 sessions) where very high doses of radiation are 
delivered precisely to the tumour in an attempt to ablate 
the lesions. There is accumulating evidence to suggest 
that SRS/SRT offers improved local control and quality 
of life and in some clinical situations better survival (Patil 
et al., 2012). However these aggressive local therapies 
are not without risks, therefore patient selection is vital to 
ensure suitable patients are considered for the treatment 
to achieve potential improved outcome. 

Finally to ascertain the benefits of the various treatment 
approaches for brain metastases, studies should aim to 
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control for various patient and clinical characteristics 
such as comorbidites and performance status. In our 
study, we aim to analyse outcomes from two tertiary 
institutions where NSCLC patients with brain metastases 
received treatment, and describe the various prognostic 
and treatment factors affecting outcomes. 

Materials and Methods

Patient records from January 2006 to June 2012 were 
reviewed from two large Malaysian tertiary referral cancer 
centres - University of Malaya Medical Centre and Beacon 

Cancer Hospital. 125 patients with NSCLC histology and 
BM who received radiotherapy treatment, were identified. 

BM were diagnosed using computed tomography (CT) 
or magnetic resonance imaging (MRI). All patients had 
histological confirmation of NSCLC pathology either via 
biopsy of the primary malignancy or systemic metastases 
(including stereotactic biopsy of the brain). 

WBRT radiotherapy was delivered using 6-MV linear 
accelerator at the University Malaya Medical Centre. 
Different dose/fractionation schedules were used but the 
most commonly employed was 20Gy in 5 fractions over 5 
days. SRS (for example 20Gy in 1 fraction) or SRT (30Gy 

Table 1. Baseline Characteristics
	 N=125	 %

Age	 <65	 81	 64.8
	 ≥65	 44	 35.2
	 median=59		
Sex	 male	 67	 53.6
	 female	 58	 46.4
			 
ECOG	 0	 2	 1.6
	 1	 54	 43.2
	 2	 28	 22.4
	 3	 36	 28.8
	 4	 5	 4
			 
Number of brain metastases	 1	 29	 23.2
	 2 to 3	 35	 28
	 >3	 61	 48.8
			 
Extracranial metastasis	 Yes	 79	 63.2
	 No	 46	 36.8
			 
Control of primary	 Yes	 19	 15.2
	 No	 85	 68
	 Unknown	 21	 16.8
			 
Dose fractionation of WBRT*	 30Gy/10#/2w	 3	 2.4
	 20Gy/5#/1w	 108	 86.4
	 12Gy/2#/2d	 2	 1.6
			 
Surgery/SRT	 Yes	 30	 24
	 No	 95	 76
			 
Oligometastases (1-3)+surgery/SRT±WBRT		  30	 24
Oligometastases (1-3)+WBRT only		  34	 27.2
Multiple metastases+WBRT only		  61	 48.8
			 
Prior systemic treatment	 Yes	 53	 42.4
	 No	 72	 57.6
			 
Subsequent systemic treatment	 Yes	 39	 31.2
	 No	 86	 68.8
			 
			 
RPA class	 1	 10	 8
	 2	 63	 50.4
	 3	 52	 41.6
			 
GPA index	 0-1	 61	 48.8
	 1.5-2.5	 50	 40
	 3	 7	 5.6
	 3.5-4	 7	 5.6
*Twelve patients (9.6%), who were treated with SRT, did not have WBRT
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in 5 fractions) was delivered using 6MV Cyberknife® at 
the Beacon Cancer Hospital. Not more than 5 fractions 
were used to deliver SRT, treatment was delivered daily 
on consecutive days. Corticosteroids were administered 
during radiotherapy, according to clinical need. 

Patient demographic, tumour and treatment-related 
factors were documented. These included age, sex, Eastern 
Cooperative Oncology Group (ECOG) performance 
status, presence of extracranial metastasis, presence of 
seizures, control of primary tumour, treatment modality, 
number of brain metastases and the use of prior and post-
radiation systemic treatment. Prior prognostic assessment 
tools have been published for use in patients with BM. 
We calculated both the Recursive Partitioning Assessment 
(RPA) score (Gaspar et al., 1997) and Graded Prognostic 
Assessment (GPA) score (Sperduto et al., 2008) in our 
patients. 

Statistical analysis was performed using SPSSv20. 
Overall survival was calculated from the date of initiation 
of treatment for brain metastases. Survival data was 
updated to 1 June 2014 based on Malaysian National 
Registration Department (NRD) database. Data was 
censored at last follow-up. Survival curves were plotted 
using Kaplan and Meier method. Two or more curves were 
compared by using log rank test (Mantel-Cox). Statistical 
significance was defined by p<0.05. All variables were 
examined in univariate tests. Four independent prognostic 
factors found to be significant on univariate analysis were 
included in multivariate analysis using Cox regression 
method. Patient outcomes were stratified according to 
RPA and GPA scores. The study received approval from 
respective institutions’ Medical Ethics Committee.

Results 

According to the NRD data, 124 of the patients had 
died, while the remaining one was alive. Median age 
was 59, male to female ratio was 54% to 46%. 1-3 BM 
were present in 51.2% of patients and >3 metastases in 
48.8%. Amongst patients with 1-3 metastases (n=64), 34 

received WBRT only, whereas 30 received local therapy 
either surgery or SRS/SRT. All patients who had surgery 
received WBRT whereas 12 patients who were treated 
with SRS/SRT, did not have WBRT. The most common 
fractionation schedule amongst those receiving WBRT 
(n=113) is 20Gy in 5 fractions over 5 days (n=108). Table 
1 shows the baseline characteristics.

Figure 1. Kaplan-Meier survival curves according to 
a) ECOG score, b) presence of seizure, c) treatment 
modality based on number of brain metastases, 
and d) the use of post-therapy systemic treatment. 
ECOG=Eastern Cooperative Oncology Group 
performance status
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Figure 2. Kaplan-Meier Survival Curves According to 
a) RPA Score, and b) GPA Index
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Table 2. Univariate Analysis of Overall Survival According to Prognostic Factors
Covariates	 Comparison	 Median survival in months (95%CI)	 p value

Age	 <65 vs ≥65	 4.3 (2.8-5.7) vs 1.2 (0.7-1.7)	 0.070
Sex	 Male vs Female	 1.9 (0-4.1) vs 3.8 (2.1-5.5) 	 0.857
ECOG	 ≤2 vs >2	 4.8 (3.4-6.2) vs 1.1 (0.6-1.6)	 0.001*
Extracranial metastasis	 Yes vs No	 2.3 (0.6-4.0) vs 5.0 (3.7-6.3)	 0.283
Control of primary tumour	 Yes vs No vs Unknown	 7.6 (2.9-12.2) vs 2.5 (1.1-3.9) vs 1.9 (0-3.8)	 0.111
Seizure	 Yes vs No	 9.5 (1.2-17.8) vs 3.0 (1.5-4.5)	 0.031*
Treatment modality according	 Oligo (1-3)+surgery/SRT±WBRT	 8.9 (6.2-11.6) vs 	 0.007*
to number of brain metastases	 Oligo (1-3)+WBRT only	 3.6 (0-7.3) vs	
	 Multiple+WBRT only	 1.5 (0.6-2.4)	
Prior systemic treatment	 Yes vs No	 3.5 (2.4-4.6) vs 1.9 (0-4.5)	 0.976
Subsequent systemic treatment	 Yes vs No	 7.6 (3.8-11.3) vs 1.5 (0.9-2.1)	 0.001*
*ECOG=Eastern Cooperative Oncology Group performance status; *p<0.05

Table 3. Analysis of Overall Survival According to Prognostic Factors
Covariates	 Comparison	 Median survival in months (95% CI)	 p value

RPA	 1 vs 2 vs 3	 5.2 (3.7-6.8) vs 4.3 (2.7-5.9) vs 1.2 (0.6-1.8)	 0.033
GPA	 ≤1 vs >1	 1.2 (0.5-1.9) vs 5.3 (4.3-6.3)	 0.001
*RPA=Recursive Partitioning Analysis score; GPA=Graded Prognostic Assessment index
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The median overall survival was 3.4 months (95%CI: 
1.7-5.1). Median survival for patients with multiple 
metastases receiving WBRT was 1.5 months, 1-3 metastases 
receiving WBRT was 3.6 months and 1-3 metastases 
receiving surgery or stereotactic radiosurgery/radiotherapy 
(SRS/SRT) was 8.9 months. Of the various prognostic 
factors, ECOG score (≤2 vs >2, p=0.001), presence of 
seizure (yes versus no, p=0.031), treatment modality 
according to number of brain metastases (1-3 metastases 
+ surgery/SRT±WBRT vs 1-3 metastases+WBRT only vs 
multiple metastases+WBRT only, p=0.007) and the use of 
post-therapy systemic treatment (yes versus no, p=0.001) 
emerged as significant on univariate analysis (Table 2 
and Figure 1a-d). All four factors remained statistically 
significant on multivariate analysis using Cox regression 
method (p<0.05).

Both Recursive Partitioning Analysis (RPA) score 
(p=0.033) and Graded Prognostic Assessment (GPA) 
index (p=0.001) demonstrated survival differences 
according to known prognostic groupings (Table 3 and 
Figure 2a-b).

Discussion

To our knowledge this is the first data to emerge from 
the South East Asian Region (ASEAN) to describe factors 
involved in the survival of patients with NSCLC cancer 
and BM. Lung cancer is a huge burden in the ASEAN 
region with annual overall lung cancer incidence about 
162 000 (International Agency for Research on Cancer, 
2014). Brain metastases incidence is estimated at 20-40%. 

In our series of NSCLC patients with brain metastases, 
ECOG score ≤2, presence of seizure, oligometastatic 
disease treated with aggressive local therapy (surgery or 
SRS/SRT) and the use of post-therapy systemic treatment 
are significant independent prognostic factors for overall 
survival.

Performance status is a major indicator of outcomes 
after treatment (Gaspar et al., 1997; Sperduto et al., 2008; 
Cai et al., 2013). Both RPA classification, which includes 
three prognostic groups: I (patients < 65 years, Karnofsky 
Performance Status [KPS] ≥70, controlled primary tumor, 
and no extracranial metastases), III (KPS < 70), and II (all 
patients not in Class I or III) (Gaspar et al., 1997), and GPA 
index incorporate KPS as measure of outcome (Gaspar 
et al., 1997; Sperduto et al., 2008). In our retrospective 
review of patient records, ECOG score was documented 
where ECOG ≤2 corresponding to KPS ≥70 (Oken et al., 
1982) has been found to be one of the strongest prognostic 
factors for overall survival.

Presence of seizure is a recognised favourable 
prognostic factor in primary brain tumours (Gehan, 1977). 
This may be explained with its association with low grade 
gliomas and not high grade gliomas. However, to our 
knowledge, occurrence of seizure has not been correlated 
with outcome in brain metastases. The improvement in 
median survival seen in patients with seizures requires 
further mechanistic explanation and might be explored 
in subsequent studies.

WBRT has been used to treat brain metastases for 

several decades. Despite this, the degree of benefit for 
this approach remains controversial. The only randomized 
trial to address the role of WBRT in NSCLC BM showed 
no overall survival benefit and no improvement in quality 
of life compared to best supportive care (Langley et al., 
2013). Interestingly, the majority of the patients in that 
trial (68%) presented with 3 or less metastases, which may 
indicate WBRT is inadequate treatment for oligometastatic 
disease. Furthermore WBRT is not without complications. 
For example, Chang et al. demonstrated a significant 
decline in learning and memory function by 4 months for 
patients receiving WBRT with SRS as opposed to SRS 
alone (Chang et al., 2009). 

The strategy of treating BM with aggressive local 
therapy either surgical resection or SRS/SRT is aimed 
at improving local control thereby impacting overall 
survival. Metaanalyses show that surgical resection can 
reduce death from neurological causes and offer improved 
functional independent survival (Hart et al., 2005; Duan 
et al., 2014). Small randomized trial and single centre 
experience hint at an overall survival advantage (Patchell 
et al., 1990; Akhavan, 2014). Similarly SRS and SRT have 
been shown to improve local control and quality of life 
(Patil et al., 2012). Our own data suggest a significant 
role for local therapy in improving survival. Patients 
with oligometastatic disease who only received WBRT 
demonstrated a median survival of 3.6 months whereas 
those who underwent surgical resection or SRS/SRT 
demonstrated a median survival of 8.9 months, a 2.5 fold 
increase. SRS/SRT particularly, obviates the need for 
surgery and associated complication, and is a promising 
area for future research. Additionally, more studies are 
required to ascertain the best way to sequence or combine 
available therapies.

Patients with symptomatic BM are often excluded 
from pharmaceutical clinical trials evaluating systemic 
therapeutic agents. Thus, the role of such systemic 
treatments in treating BM is often unclear. In our study, 
the use of post-therapy systemic treatment effectively 
separates the survival curves. This observed improvement 
is unlikely to be due to selection bias (e.g. better ECOG 
performance status), as this prognostic factor remained 
statistically significant on multivariate analysis. The 
blood-brain barrier (BBB) allows only relatively low 
concentrations of most systemic agents to penetrate into 
the central nervous system (CNS). However, prior studies 
that have shown this have been limited to normal brain and 
micro-metastatic disease. In the setting of gross metastatic 
disease, such as in our patient population, the BBB may 
be disrupted by abnormal tumour vasculature and/or 
radiotherapy (Postmus et al., 1999; Van Vulpen et al., 2002; 
Liu et al., 2012; Cai et al., 2013), thus allowing greater 
degree of penetration of systemic agents. Furthermore, 
some small molecule tyrosine kinase inhibitor might work 
synergistically with radiotherapy leading to enhanced 
effectiveness (Zeng et al., 2011). Our result certainly 
suggests that patient who received systemic agents post 
BM therapy fared better. However, another explanation 
might be that more effective therapy such as surgery or 
SRS/SRT compared to WBRT improved survival thereby 
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allowing the opportunity to deliver subsequent systemic 
therapy. Our results are an interesting clinical observation, 
which would be useful to validate in future studies.

In our study, both RPA and GPA scoring systems 
were able to identify subgroup of patients with poor 
outcomes. These are indices derived from studies across 
several thousand patients (Gaspar et al., 1997; Sperduto 
et al., 2008). Therefore, this serves as a validation point 
across our cohort which lends greater assurance that the 
prognostic factors we have identified are significant and 
clinically relevant.

The overall survival durations in our study are 
consistent with published literature. Our data shows 
patients with multiple metastases and WBRT have a 
median overall survival of 1.5 months and those with 1-3 
metastases and WBRT have a survival of 3.6 months. In 
the UK QUARTZ study of 151 patients, a median overall 
survival between 49 to 51 days was observed, where 68% 
of patients had 1-3 metastases (Langley et al., 2013). 

The median overall survival of 3.4 months seen in our 
study is shorter than the reported mean overall survival 
of 9.0 months in the subset of patients with lung primary 
in Iran (Akhavan, 2014). Differences are likely due to the 
definition of overall survival. This study defined overall 
survival from the the date of treatment initiation for BM 
to death from any cause, while in the Iranian study, overall 
survival was defined as time from date of diagnosis of 
BM to death from any cause. Furthermore, this study 
reported median whereas the latter study reported mean 
overall survival.

This study confirms the survival benefit with 
aggressive local therapy in appropriately selected patients. 
Furthermore the significant independent prognostic factors 
found in this study are consistent with the results of a 
large, multi-institutional retrospective analysis done in 
the United States (Sperduto et al., 2010).

Limitations of this study include its retrospective 
design, lack of assessment for intracranial control, 
lack of data on biomarker information, data on use of 
molecular targeted therapy (MTT), quality of life, acute 
and late radiation toxicity. We recommend prospective 
study with inclusion of biomarker, data on use of MTT 
and measurement of quality of life to further evaluate 
prognostic factors in NSCLC patients with brain 
metastases.

In summary, ECOG score ≤2, presence of seizure, 
oligometastatic disease treated with aggressive local 
therapy (surgery/SRT) and the use of post-therapy 
systemic treatment are significant independent prognostic 
factors for overall survival in our group of patients with 
NSCLC and brain metastases. We recommend further 
evaluation of the role of aggressive local therapy either 
surgical resection or SRS/SRT in patients with BM and 
NSCLC. 
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