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INTRODUCTION
High-grade gliomas (HGGs) are the most common type of 
primary brain tumour in adults. The majority of HGGs are of the 
glioblastoma multiforme (GBM) histological subtype. Although 
progress has been made in terms of improving the survival rate 
for GBM, most patients eventually relapse and succumb to the 
disease. The current treatment paradigm for GBM is multimodal, 
consisting of surgical resection as the mainstay, with postoperative 
radiation and chemotherapy. Better local control, achieved 
mainly through the addition of chemotherapy, and improvements 
in surgical and radiotherapy techniques have led to improvements 
in survival in recent years.(1,2)

Prognostication of GBM has traditionally been based on 
clinical factors such as age, functional status, extent of treatment 
received and histopathological factors (e.g.  World Health 
Organization subtype). These factors have been well characterised 
in Caucasian populations, but have yet to be validated in our 
Asian population. There is also evidence to suggest that the 
molecular basis for HGGs and GBMs may differ among ethnic 
groups,(3) and that a distinct pathway may exist in Asians.(4,5) In this 
study, we retrospectively reviewed the clinical and demographic 
features of Asian patients with GBMs to establish the impact of 
these features on the prognosis of the disease.

METHODS
Ethical approval for this study was obtained from the Domain 
Specific Review Board, National Healthcare Group, Singapore. 
We reviewed the medical records of patients who were seen at 
the radiation oncology departments of two local tertiary hospitals 

(National University Hospital and Tan Tock Seng Hospital) and 
were diagnosed with GBM during a ten-year period from January 
2002 to December 2011. Patients were only included in the study 
if they had a histological diagnosis of GBM, either from a biopsy 
or excision. Non-residents who did not return for follow-up after 
initial resection were excluded.

Demographic data (i.e.  age, gender and ethnicity), 
clinicopathological data (i.e. neurological function, mental status, 
performance status and duration of symptoms) and treatment 
parameters (i.e. extent of surgical resection, dose of radiotherapy 
and use of chemotherapy) were obtained from electronic or 
physical medical records. Data on the extent of surgical resection 
was reported by the surgeon and documented in the operating 
notes. Radiotherapy dose refers to the actual, rather than the 
initially planned, dose delivered to the tumour; this information 
was obtained from the electronic radiotherapy records. Data on 
patient deaths was obtained from the National Registry of Diseases 
Office, Health Promotion Board, Singapore. Survival was defined 
as the period beginning from the date of definitive histological 
diagnosis to the date of death.

Summary statistics were used to describe the demographic 
and clinical profiles of the patients. The Kaplan-Meier approach 
was used to estimate the probability of survival of the patients 
based on specific demographic factors. Cox regression was 
used to test for the effect of the various risk factors on survival. 
Univariate and multivariate analyses of the factors were done. 
A p-value < 0.05 was considered to be statistically significant. All 
analyses were performed using STATA version 10.0 (StataCorp 
LP, TX, USA).
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RESULTS
The data of 107 GBM patients was analysed in this study. They 
had a median survival of 15.1 months and two-year survival 
rate of 23.5% (Table I). The age range was 13–85 years. GBM 
occurred most commonly in the sixth decade of life (32.7%) and 
only 14.0% occurred in patients aged < 40 years. Median survival, 
which was found to decrease with increasing age, was the worst 
in the > 70 years age group (9.3 months).

Ethnic Malays appeared to be underrepresented in the 
study. Although the Malays comprise 15.0% of the general 
population in Singapore according to national statistics, they 
made up only 9.3% of the GBM patients in this study.(6) The 
two-year survival rate was 50.0% among the Malay patients, as 
compared to 19.3% among the Chinese patients. However, this 
difference was not statistically significant (p = 0.16), given the 
small sample size. Male patients, who made up 60.7% of the 107 
GBM patients, had a median survival of 13.7 months and two-
year survival rate of 22.1%. In comparison, the female patients 
had a median survival of 16.3 months and a two-year survival 
rate of 25.6%. Again, these differences were not statistically 
significant (p = 0.44).

Although most of the patients who underwent surgery had 
excisions (84.1%) rather than biopsies (15.9%), the association 

with survival was not significant (p = 0.21). Among the patients 
who underwent excision, 16.7% underwent gross total resection 
and 21.1% underwent subtotal excision; the extent of excision 
was not reported in the remaining patients (62.2%). High-
dose adjuvant radiotherapy (defined as > 50 Gy), which was 
administered to 79.4% of the patients, was found to be associated 
with improved survival on univariate analysis (p = 0.01). The 
median survival and two-year survival rate were 16.1 months 
and 27.3%, respectively, for the patients who received high-
dose radiotherapy, and 8.7 months and 9.1%, respectively, for 
the patients who received ≤ 50 Gy of radiotherapy. However, 
the association between high-dose adjuvant radiotherapy and 
survival was not sustained on multivariate analysis (p = 0.94). 
The probability of survival of the patients, according to the 
radiotherapy dose they received (i.e. > 50 Gy vs. ≤ 50 Gy), is 
shown in Fig. 1.

Most of the patients (68.9%) received chemotherapy in the 
form of oral temozolomide, which was given concurrently with 
radiotherapy and adjuvantly thereafter. Adjuvant concurrent 
chemotherapy with temozolomide was found to be associated 
with improved survival on both univariate and multivariate 
analyses (p = 0.003 and p = 0.03, respectively). The median 
survival and two-year survival rate was higher among the patients 

Table I. Median survival and two‑year survival rate of the patients with glioblastoma multiforme (n = 107), according to their demographic 
and clinical features.

Variable No. (%) Median survival (mth) 2‑year survival rate (%) p‑value

Univariate Multivariate

Overall 107 (100.0) 15.1 23.5 – –

Age (yr) 0.35 0.07

≤ 30 8 (7.5) 15.1 50.0

31–40 7 (6.5) 12.2 42.9

41–50 16 (15.0) 15.3 21.7

51–60 35 (32.7) 16.3 22.9

61–70 24 (22.4) 11.9 19.5

> 70 17 (15.9) 9.3 13.7

Ethnicity 0.16 0.24

Chinese 82 (76.6) 14.9 19.3

Malay 10 (9.3) 13.7 50.0

Indian 8 (7.5) 7.1 25.0

Others 7 (6.5) 22.3 27.8

Gender 0.44 0.96

Male 65 (60.7) 13.7 22.1

Female 42 (39.3) 16.3 25.6

Surgical resection 0.21 0.74

Excision 90 (84.1) 15.8 25.8

Biopsy 17 (15.9) 9.3 11.8

Radiotherapy dose (Gy) 0.01 0.94

> 50 85 (79.4) 16.1 27.3

≤ 50 22 (20.6) 8.7 9.1

Temozolomide chemotherapy* 0.003 0.03

No 28 (31.1) 9.2 7.7

Yes 62 (68.9) 16.4 33.7

*Data of 16 patients whose temozolomide chemotherapy status could not be determined from medical records and 1 patient who received non‑temozolomide 
chemotherapy was excluded from analysis.
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who had adjuvant concurrent chemotherapy than among the 
patients who did not (16.4 months and 33.7% vs. 9.2 months and 
7.7%, respectively) (Table I). The probability of survival of the 
patients, according to whether they received adjuvant concurrent 
chemotherapy, is shown in Fig. 2.

DISCUSSION
The present study on the epidemiology of GBM in Singapore 
produced findings that closely resemble the results of international 
studies on GBM. The incidence of GBM peaked in the sixth 
decade of life (32.7%) in our study, a trend that was similarly 
observed in the international studies.(1,2,7) Our finding of a male 
predominance in the incidence of GBM (60.7%) was also 
consistent with international studies, which reported a male 
predominance that ranged from 58% to 69%.(1,7,8)

Most of the patients in the present study underwent 
multimodal treatment, which has become the standard of care 
since the publication of Stupp et al’s seminal paper in 2005.(9) 

Although the results of our study suggest that there may be ethnic 
variations in the incidence and outcomes of GBM, the limited 
sample size did not permit us to demonstrate this conclusively. 
Nonetheless, such geoethnic variations are well described, such 
as in a number of population-based studies showing that the 
incidence of GBM is higher among Caucasians than other ethnic 
groups.(7,10-12) However, there has been no conclusive evidence 
that the clinical outcomes of GBM differ among ethnic groups.(13) 
Population-based studies conducted in Korea and China showed 
that the survival of Asian patients was similar to that of Western 

populations.(2,13) In one study that involved a racially diverse 
group of patients in America, there appeared to be improved 
survival among Asians as compared to other races.(14) However, 
the authors hypothesised that the observed improved survival 
may be due to socioeconomic factors and access to care rather 
than intrinsic or genetic factors.(14) In Singapore, where subsidised 
healthcare is highly accessible, it is likely that any observed 
ethnic difference in GBM outcome is due to intrinsic rather than 
extrinsic factors.

The survival outcomes in the present study are similar to 
those reported by other population-based studies that were 
conducted during the chemotherapy era (Table II).(2,13,15-19) 
Earlier studies reporting outcomes during the pre-temozolomide 
era tend to show poorer survival outcomes when compared to 
recent studies that were conducted during the chemotherapy 
era. While our study includes the period before and after data 
from Stupp’s seminal trial was published in 2005, most of 
our patients had received adjuvant concurrent temozolomide 
chemotherapy, which likely accounted for their better survival 
outcome.

Multiple large-scale, retrospective studies have identified 
several clinicopathological factors as predictors of GBM 
outcome.(1,11,20) These factors include age, performance status, 
histology, extent of surgical resection, and the addition of 
radiotherapy and chemotherapy as adjuvants. Some authors 
have attempted to stratify patients into prognostic groups based 
on these factors in order to predict survival.(21,22) Despite the 
presence of such predictive models and calculators,(22) differences 

Fig. 1 Graph shows the overall survival of the patients, according to the 
radiotherapy dose they received.
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Fig. 2 Graph shows the overall survival of the patients, according to whether 
they underwent adjuvant concurrent chemotherapy treatment.
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Table II. Survival outcomes of patients with GBM in population‑based studies.(2,13,15‑19)

Population Study period Median survival (mth) 2‑year survival (%)

Canadian(15) 1982–1994 7 11

Mexican(16) 1987–1994 16 20

Chinese(13) 1999–2004 12 17

Korean(2) 1999–2004 11 20

Italian(17) 2002–2007 9 25

French(18) 2004–2006 9 12

Scottish(19) 2004–2009 15 19

Singaporean (present study) 2002–2011 15 24
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in local populations and environments mean that these models 
and calculators need to be validated locally before they can be 
employed.(19) The present study has shown that the prognostic 
factors in our local population are similar to those reported 
worldwide.(11,13,18,21)

Increased understanding of the molecular mechanisms of 
GBM has led to the development of predictive models that 
incorporate the use of molecular markers, which in turn has 
impacted the clinical outcomes of patients with GBM. One 
significant example is the development of an online GBM 
calculator by the European Organisation for Research and 
Treatment of Cancer.(23) This calculator enables its users to 
predict survival data based on clinicopathological risk factors, 
such as O6-alkylguanine DNA alkyltransferase  (MGMT) 
status.(23) Besides MGMT, other genes that may be involved in 
the molecular pathogenesis of GBM are p52, PTEN, EGFR and 
IDH1.(24,25) Variations in the incidence and outcomes of GBM 
among different ethnic groups may be due to differences in 
the molecular mechanisms of the disease. Several studies have 
shown differential rates of known mutations and the presence 
of entirely novel mutations in different ethnic groups.(3,26) 
Studies on ethnic Malays have identified putative molecular 
mechanisms involving PTEN and loss of heterozygosity, which 
may be able to account for differences in the incidence and 
outcomes of GBM.(5)

The findings of the present study are consistent with the 
existing knowledge that adjuvant radiotherapy with the addition 
of temozolomide-based chemotherapy improves survival in 
patients with GBM. While the extent of surgical resection has 
been shown to impact survival in several large-scale studies,(27,28) 
this association has not been reproduced in other studies.(29) 
This may be, in part, due to differences in the terminology used 
to report the extent of resection. In the present study, surgeon-
reported resection extents were used and most of the surgeons 
did not categorically report the resection extents as gross total or 
subtotal. A more reliable approach, based on the evaluation of 
pre- and postoperative images to establish the extent of resection 
may well show the expected association.

To the best of our knowledge, this is the largest retrospective 
review of GBM in Singapore. The demographics of Singapore 
have seen a shift from a mainly resident populace to one with 
a significant migrant working population. This may alter the 
future incidence of GBM and delivery of care for GBM. Future 
studies on GBM in Singapore should be expanded to examine 
population-based data to verify whether there are ethnic variations 
in the incidence and prognosis of GBM, and to identify possible 
molecular mechanisms to account for the variations, should they 
exist. To this end, it would be beneficial to establish a nationwide 
tumour tissue bank to help advance future research and eventually 
develop individualised therapy for GBM.

To conclude, although GBM confers a grim prognosis, 
adjuvant chemotherapy and radiotherapy are associated with 
improved survival. An expansion of the present study to include 
population-based statistics may validate ethnic differences in the 
incidence and outcomes of GBM.
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