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ABSTRACT
Introduction: This study characterizes Epidermal Grow th Factor Receptor (EGFR) mutations in
patients with non-small cell lung cancer (NSCLC) in Brunei Darussalam, and assesses the prognostic roles
of EGFR mutations and survival benefit of EGFR tyrosine-kinase inhibitors (TKIs) therapy. Materials and
Methods: Data from The Brunei Cancer Centre w as used for retrospective analysis of clinicopathological characteristics on NSCLC patients diagnosed from 2010 to 2017. The progression-free survival
(PFS) of patients on EGFR TKI and overall survival (OS) of patients with EGFR-mutations and EGFR wild
types were compared using survival analysis. Results: Result of NSCLC EGFR mutation analysis was evaluable in 71 cases, of which 40 cases were classified as EGFR wild type and 31 cases of EGFR mutations,
indicating the prevalence of EGFR mutation of 43.7%, with most cases found in females (22, 71.0%) and
non-smokers (20, 64.5%). Mean age of patients with NSCLC EGFR mutation was 63.3 years. Exon 21
point mutation (L858R) (15, 50.0%) was most prevalent, followed by Exon 19 deletion (12, 40.0%). Male
gender (OR=0.24, P=0.022) and Stage IV disease (OR=0.24, P=0.040) tend to be significantly less associated with EGFR mutation. A total of 65.2% of patients who received EGFR TKI therapy have achieved an
objective response rate. The median PFS for all patients treated with TKI was seven months. The median
PFS of patients treated with first line TKI and initial chemotherapy were eight and six months (P=0.045)
respectively. EGFR-mutated patients also showed improved OS compared to wild type (29 vs 17 months)
although this did not achieved statistical significance (p=0.2). Conclusion: The observed improved median
PFS and OS in our NSCLC EGFR-mutation patients on personalised EGFR TKI therapy supports the routine
analysis for EGFR mutations in all patients diagnosed with NSCLC to identify individuals who may benefit
from EGFR TKI therapy.
Keywords: Non-Small Cell Lung Cancer, Epidermal Growth Factor Receptor, Mutations, EGFR
Thyrosine Kinase Inhibitor, Progression Free Survival.
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ABSTRACT
Introduction: This study characterizes Epidermal Grow th Factor Receptor (EGFR) mutations in patients with non-small cell lung cancer (NSCLC) in Brunei Darussalam, and assesses the
prognostic roles of EGFR mutations and survival benefit of EGFR tyrosine-kinase inhibitors (TKIs)
therapy. Materials and Methods: Data from The Brunei Cancer Centre was used for retrospective
analysis of clinicopathological characteristics on NSCLC patients diagnosed from 2010 to
2017. The progression-free survival (PFS) of patients on EGFR TKI and overall survival (OS) of
patients with EGFR-mutations and EGFR wild types were compared using survival analysis. Results: Result of N SCLC EGFR mutation analysis w as evaluable in 71 cases, of w hich 40
cases were classified as EGFR wild type and 31 cases of EGFR mutations, indicating the prevalence of EGFR mutation of 43.7%, with most cases found in females (22, 71.0%) and nonsmokers (20, 64.5%). Mean age of patients with NSCLC EGFR mutation was 63.3 years. Exon 21
point mutation (L858R) (15, 50.0%) was most prevalent, followed by Exon 19 deletion (12,
40.0%). Male gender (OR=0.24, P=0.022) and Stage IV disease (OR=0.24, P=0.040) tend to be
significantly less associated with EGFR mutation. A total of 65.2% of patients who received EGFR
TKI therapy have achieved an objective response rate. The median PFS for all patients treated
with TKI was seven months. The median PFS of patients treated with first line TKI and initial
chemotherapy were eight and six months (P=0.045) respectively. EGFR-mutated patients also
showed improved OS compared to wild type (29 vs 17 months) although this did not achieved
statistical significance (p=0.2). Conclusion: The observed improved median PFS and OS in our
NSCLC EGFR-mutation patients on personalised EGFR TKI therapy supports the routine analysis
for EGFR mutations in all patients diagnosed with NSCLC to identify individuals who may benefit
from EGFR TKI therapy.
Keywords: Non-Small Cell Lung Cancer, Epidermal Growth Factor Receptor, Mutations,
EGFR Thyrosine Kinase Inhibitor, Progression Free Survival.

INTRODUCTION
Lung cancer is by far the leading cause of
Corresponding author: Shir Kiong Lu, The Brunei Cancer Centre (TBCC), Jerudong Park, BE3122,
Brunei Muara, Brunei Darussalam.
Telephone no.: +673 7170228
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cancer deaths worldwide with a mortality to
incidence ratio of 0.85.1 Data from the World
Health Organization reported 9.6 million can-
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cancer deaths in 2018, with nearly one in five

stimulation of the growth signal transduction

cases (19.0%) attributed to lung cancer.2

pathways.9,10 This yields more aggressive tu-

Brunei is indifferent to its neighbouring South

mour phenotypes and intensifies migration,

East Asian countries whereby the highest

thereby

cancer mortality rate is due to lung cancer
(19.3% in 2017).

facilitating

metastasis

of

tumour

10

cells.

3

Activating EGFR mutations in NSCLC
Historically, lung cancer has been

cases represent a significant therapeutic tar-

classified into two major categories: Non

get for Tyrosine Kinase Inhibitors (TKIs). Due

Small Cell Lung Cancer (NSCLC) which ac-

to the similarity of TKIs with Adenosine Tri-

counts for approximately 85% of all cases

phosphate, they bind to the EGFR protein ki-

and Small Cell Lung Cancer (SCLC).4 Albeit

nase domain to prevent its autophosphoryla-

being a common cancer, the prognosis of

tion.

NSCLC patients remains poor when found at

stimulated

an advanced stage that is beyond curative

leading to decreased cell proliferation and in-

resection.5 In fact, the estimated five-year

creasing cell apoptosis.11 The discovery of

relative survival rate among patients of all

EGFR mutations therefore represents a pre-

races with lung cancer (18.6%) was lower

dictive marker for a favourable response to

compared to other solid cancers such as colo-

EGFR TKI therapy.

This

suppresses
signal

the

transduction

excessivelypathways,

rectal (64.5%), breast (89.6%) and prostate

cancer (98.2%).6 Based on local published

Studies have consistently demonstrat-

data, the overall 5-year survival rate for pa-

ed an association between Asian ethnicity and

tients with lung cancer was only 3.6% with a

EGFR mutations in NSCLC cases. The first

median survival time of 6.5 ± 0.9 months

‘mutMap’ study of the incidence and coinci-

(95% CI: 4.7-8.4 months).7

dence of genetic mutations associated with
NSCLC found a higher overall EGFR mutation

The treatment paradigm for patients

frequency in Asian compared to Western pa-

with advanced NSCLC has changed over the

tients (47.9% vs 19.2%).12 The PIONEER

years. In this era of precision medicine,

study has also identified a high mutation fre-

NSCLC is now being subdivided into molecular

quency (51.4%) in stage IIIB or IV lung ade-

subtypes that may have implications on treat-

nocarcinoma patients within seven Asian re-

ment with dedicated targeted and chemother-

gions.13 Interestingly, a recent study in Brunei

apeutic options. The subtypes are based on

also reported over-expression of EGFR protein

the presence or absence of activating muta-

(81.5% positive rate) in patients diagnosed

tions in Epidermal Growth Factor Receptor

with NSCLC.14 However, the incidence of EGFR

(EGFR), rearrangement in Anaplastic Lympho-

mutation in NSCLC cases in Brunei remains

ma Kinase (ALK) or C-Ros Oncogene 1 (ROS-

unknown. We conducted this study to deter-

1) and others.8

mine the incidence of EGFR mutation, identify
patient characteristics associated with EGFR

Tumours harbouring EGFR mutations

mutations and investigate the treatment re-

are present in a distinct subgroup of NSCLC

sponse to EGFR TKI therapy in patients diag-

patients. The EGFR gene produces a 486 ami-

nosed with NSCLC in Brunei Darussalam.

no-acid receptor protein of 170kDa that is
normally observed in some epithelial, mesenchymal and neurogenic tissues.9,10 EGFR acti-

MATERIALS AND METHODS

vating mutations, which can be found be-

Study Design and Patients

tween Exons 18 to 21, result in a sustained

This was a retrospective cohort study con-
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ducted at The Brunei Cancer Centre (TBCC),

Histopathology, RIPAS Hospital and retrieva-

which is the national cancer centre of Brunei

ble via the Hospital patients’ electronic record

Darussalam and receives patient referrals

system, Bru-HIMS.

throughout the country. All patients aged between 18 to 95 years diagnosed with NSCLC

Results of EGFR mutations analysis

between 1st January 2010 to 15th March

were classified as either: (a) EGFR mutation –

2017 and with confirmed lung tissue sent for

NSCLC patients with EGFR mutated gene on

analysis of EGFR status (mutated or wild

Exons 18 to 21, (b) EGFR wild type – NSCLC

type) were included.

Patients who had re-

patients with no known EGFR mutated gene

fused referral, unfit for systemic treatments

detected, and (c) Not evaluable – NSCLC pa-

and remained under palliative care in the pri-

tients with unknown EGFR status as respec-

mary referring hospitals were excluded from

tive tissue samples were either not sent for

the study. This study was approved by the

EGFR mutation analysis, or had insufficient

Medical and Health Research Ethics Commit-

tissue samples for analysis.

tee (MHREC) of Ministry of Health in Brunei
Darussalam, and Ethics Committee of PAPRSB

Treatment Regime

Institute of Health Sciences (IHSREC).

All EGFR TKI therapy were started and monitored at TBCC. The starting dose of standard

Data Collection

EGFR TKI therapy was Gefitinib 250mg once

A data collection Excel performa was de-

daily, Erlotinib 150mg once daily or Afatinib

signed to collect relevant patients’ details.

40mg once daily. Dose reductions were car-

Patient-identifying information was excluded

ried out for some patients due to treatment-

to secure patient confidentiality. Patients’ de-

related toxicity. However, this was not report-

mographic data and clinical characteristics

ed as outcome for this study as it was not

such as age, gender, ethnicity, smoking sta-

part of the scope of the current study.

tus, date of diagnosis, subtype of NSCLC,
EGFR mutation status, EGFR TKI treatment

Statistical Analyses

regimes, disease regression, sites of metasta-

All data was analysed using IBM SPSS soft-

sis, recurrences and time of death were rec-

ware version 23.0, and R software version

orded.

3.5.2. Analysis of association between patient
characteristics and EGFR mutation status was

EGFR Analysis and Classification

performed using Simple and Multiple Logistic

EGFR status and types of EGFR mutations

Regression only for patients with confirmed

were also recorded. Specimens were either

EGFR mutation. Kaplan-Meier curves and log-

obtained by fine needle aspiration cytology

rank tests were used to determine the Pro-

(FNAC) or core biopsy of the tumour and pro-

gression-Free Survival (PFS) of patients on

cessed at the Department of Histopathology,

EGFR TKI and to compare the Overall Survival

Raja Isteri Pengiran Anak Saleha (RIPAS)

(OS) of mutated and wild type EGFR patients.

Hospital.

Paraffin-

PFS was defined as the time from the start of

Embedded tumour blocks were then sent by

The

Formalin-Fixed

first EGFR TKI therapy to date of disease pro-

courier to the National University Hospital

gression or the end of study for individuals

(NUH) Singapore lab for EGFR mutation test-

who had no disease progression, while OS

ing. The tests were carried out using the

was defined as the time from first diagnosis to

DNeasy Blood and Tissue Kit (Qiagen) for Pol-

the date of death or last-follow up. Time of

ymerase Chain Reaction amplification of Ex-

death was ascertained from death certificates

ons 18 to 21 of the EGFR gene. Results were

issued at TBCC and in all hospitals in the 4

sent back and compiled by the Department of

districts via Bru-HIMs. Lost to follow-up was
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ascertained by checking the patients’ last
date of appointment and clinical notes entry
from TBCC patients outpatient database and
from Bru-HIMs. P-values <0.05 was considered statistically significant.

Table I: Baseline characteristics of 31 patients with
EGFR mutations
Variables

n( %)

Gender
Male

9 (29.0)

Female

22 (71.0)

Age in years
40-59

12 (38.7)

RESULTS

60-79

17 (54.8)

Out of 191 NSCLC cases recorded during the

80-99

2 (6.5)

study period, EGFR mutation analysis were

Ethnicity

available for 71 cases, of which 40 were clas-

Malay

19 (61.3)

sified as EGFR wild type cases, 31 cases with

Others

12 (38.7)

EGFR mutations and 120 cases who were not
evaluable (unknown EGFR status due to insufficient tissue for analysis or sample not
send for analysis).

Smoking Status
Smoker/Ex-Smoker

10 (32.3)

Non-Smoker

20 (64.5)

Un-Known

1 (3.2)

Stage at First Diagnosis
I

Table I shows the characteristics of
the 31 patients whose tumours harboured
EGFR mutations. The mean age of these 31

patients was 63.3 (SD 12.0) years. More than

3 (9.7)

II

2 (6.4)

III

6 (19.4)

IV

20 (64.5)

Sites of Metastasis

half were females (n=22, 71.0%) with a ma-

Bones

14 (45.2)

jority of Malay ethnicity (n=20, 64.5%). Ma-

Lung

10 (32.3)

jority (64.5%) were non-smokers and 64.5%

Pleura

9 (29.0)

Liver

7 (22.6)

Brain

6 (19.4)

Adrenal

4 (12.9)

presented with advanced Stage IV disease.
Nineteen (61.3%) patients had metastases to
more than 1 site and the most common sites
of metastases were to bones (45.2%) and
lung (32.3%).
Distribution of various types of EGFR mu-

Breast

1 (3.2)

Kidney

1 (3.2)

Pericardium

1 (3.2)

Psoas Muscle

1 (3.2)

Thyroid

1 (3.2)

tation amongst mutated patients
Table II shows the mutation types in Exons

and

18 to 21, which were detected in 30 cases

(p=0.040) were significantly associated with

(one case excluded due to unavailable specific

EGFR mutation status on multiple logistic re-

mutation data). Amongst these, 90.0% har-

gression analysis (Table IV). Male gender was

boured a single Exon site EGFR mutation,

76% less likely to exhibit EGFR mutation com-

while the remaining 10.0% had two Exons

pared to female (OR=0.24). Advanced stage

mutation.

IV NSCLC disease was also noted to be 76%

stage

of

disease

at

first

diagnosis

less likely to have EGFR mutations compared
Association

of

patient

characteristics

with EGFR mutation status

Patients’

characteristics

such

to earlier stages (OR=0.24). There was no
significant interaction between gender and

as

gender,

stage variable (P=0.706).

smoking status and stage of disease at first
diagnosis were significantly associated with

Treatment response

EGFR mutation status on univariate analysis

Amongst 31 patients with EGFR mutation, 27

(Table III). However, only gender (p=0.022)

(87.1%) received EGFR TKI therapy of which
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Table II: Distribution of mutation types on
Exon 18 - 21 amongst 30 patients with confirmed EGFR mutation NSCLC.
Exon

19

20

21

study. Besides, 30.4% of EGFR-mutation cas-

n( %)

es (seven cases) were found to have stable

E709K

1 (3.3)

disease upon receiving their first TKI treat-

L747-S752 deletion

1 (3.3)

ment, but six cases progressed at an average

E746-A750 deletion

3 (10.0)

of 10.8 months later. However, the best re-

K745-A750 deletion

8 (26.7)

sponse to first line TKI therapy of four pa-

Mutation Type

18

disease progression) as of the end of this

A743V

1 (3.3)

S768I

1 (3.3)

F795S

1 (3.3)

G779F

1 (3.3)

D770-P772 duplication

1 (3.3)

L858R

13 (43.3)

A871G

1 (3.3)

P848L

1 (3.3)

(Footnote: One patient excluded in this analysis due to
missing EGFR mutation type information).

tients was not evaluable in this study.

Survival status in relation to EGFR mutation status
Survival analysis showed a median PFS of
eight months for patients treated with first
line EGFR TKI compared to six months for patients treated with initial chemotherapy (log
rank test p=0.045).

22 (71.0%) had one line of TKI while five

A survival analysis was also done to

(16.1%) were given two lines. However, four

determine the PFS of patients with the two

(12.9%) patients did not receive any TKI

most common EGFR mutations after receiving

therapies as they did not have advanced or

EGFR TKI; 10 cases of L858R mutation and

relapsing disease. Gefitinib was the most

eight cases of Exon 19 deletion. There was no

common first line TKI prescribed to patients

difference in PFS between the two mutation

(29, 93.5%), followed by Afatinib (2, 6.5%).

types (median PFS of seven months for both
groups, log-rank test p=0.142).

Evaluation of treatment response revealed an objective response rate (complete

The Kaplan-Meier OS curves for both

or partial response) of 65.2% (15 cases),

EGFR statuses shown in Figure 2 demonstrate

whereby 12 progressed at an average of 9.8

non- significant OS times between these 2

months later and two remained stable (no

groups (log rank test p=0.232). Till 15th

Table III: Association of patient characteristics with EGFR mutation status using Simple Logistic Regression,
outcome as EGFR mutation (1=Mutated; 0=Wild).
Variable
Age (year)

Crude OR

(95% CI OR)

Z stat.

P value

1.03

(0.99; 1.07)

1.47

0.142

(0.07; 0.53)

-3.12

0.002*

(0.55; 4.01)

0.77

0.443

(1.28; 9.68)

2.40

0.016*

-1.96

0.050

Gender
Female

1.00

Male

0.20

Ethnicity
Malay

1.00

Others

1.47

Smoking status
Smoker

1.00

Non-Smoker

3.43

Stage at first diagnosis
Stage 1,2,3

1.00

Stage 4

0.32

* Statistically significant with p<0.05

(0.10; 0.98)
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Table IV: Association of patient characteristics with EGFR mutation status using Multiple Logistic Regression,
outcome as EGFR mutation (1=Mutated; 0=Wild).
Variable
Age (year)

Adjusted OR

(95% CI OR)

Z stat.

P value

01.03

(0.99; 1.09)

1.45

0.148

(0.06; 0.79)

-2.28

0.022*

(0.29; 3.51)

0.04

0.967

(0.63; 8.35)

1.26

0.207

(0.05; 0.89)

-2.05

0.040*

Gender
Female

1.00

Male

0.24

Ethnicity
Malay

1.00

Others

1.03

Smoking status
Smoker

1.00

Non-Smoker

2.27

Stage at first diagnosis
Stage 1,2,3

1.00

Stage 4

0.24

* Statistically significant with p<0.05

March 2017, the median OS time was 17

female non-smokers are the specific epidemi-

months and 29 months for EGFR wild type

ological subgroup, EGFR mutations are not

and EGFR mutation cases respectively.

only restricted to these characteristics. In
fact, 32.3% of our EGFR mutation cases were
smokers, consistent with the PIONEER study

DISCUSSIONS

(39.7%).13 Therefore, it is of no surprise that

Most of our EGFR mutation cases were of fe-

clinicians often face challenges when attempt-

male gender (71.0%, p=0.002) and non-

ing to identify potential patients for EGFR TKI

smokers (64.5%, p=0.016), as consistent to

therapy. These findings thus further support

previously published data.15 Although Asian

routine EGFR mutation screening for all pa-

Figure 1: Kaplan Meier curve showing the Progression
Free Survival for EGFR mutated patients treated with
first EGFR TKI therapy.

Figure 2: Kaplan Meier curve showing Overall Survival times between patients harboring EGFR mutation and EGFR wild type.

LEONG et al. Brunei Int Med J. 2019;15:50

tients with NSCLC regardless of gender or

mutations (Exon 19 deletions) have better

smoking status.

survival outcomes compared to patients with
other mutations.19 Jackman et al. reported

Our results also demonstrated higher

significantly improved PFS (24 versus 10

proportions of pleural and bone metastases in

months, p=0.040) and OS (38 versus 17

EGFR mutation cases compared to wild type

months, p=0.039) for patients with Exon 19

(29.0% versus 17.5% and 45.2% versus

deletions compared to patients with L858R

27.5%

Consistently, other

mutations.19 However, our study showed no

studies showed significantly higher rate of

difference in PFS for both groups (log rank

brain and pleural metastases in EGFR muta-

test p=0.142). This again may be due to our

tion cases (64.1% versus 35.9%, p=0.014

small sample size (10 cases of L858R muta-

and 62.5% versus 43.6%, p=0.018 respec-

tion vs eight cases of Exon 19 deletion), thus

respectively).

16,17

tively).

These evidences allow us to infer

that EGFR mutations may have contributed to

minor changes in disease prognosis can cause
large fluctuations in the overall PFS.

disease progression and metastases in certain
preferential sites.

Acquired resistance to EGFR TKIs is
an inevitable and major problem in the clinical

Numerous studies have affirmed that

settings. Point mutation in Exon 20 that sub-

EGFR TKI therapy yields superior outcomes

stitutes Threonine to Methionine (T790M) has

when given to NSCLC patients with EGFR mu-

accounted

tation. In fact, three landmark trials in 2004

50.0%

for

of
20

resistance

initially

in

EGFR

greater

than

TKI-sensitive

showed significant responses (65-90.0%) of

NSCLCs.

EGFR mutation cases with Gefitinib or Erlo-

secondary resistance mechanisms to the ini-

Therefore, it is crucial to detect

tinib.10 Consistently, 65.2% of our patients

tial TKIs offered as studies showed a response

showed partial response and 30.4% had sta-

rate of 61.0% in patients with acquired T790M

ble disease upon receiving first line TKI. Re-

mutation when treated with Osimertinib, a

sults of our study therefore further support

third generation EGFR TKI.21 Currently, we do

the benefits of EGFR TKI therapy in NSCLC

not have data on acquired T790M mutation in

patients with EGFR mutation in Brunei Darus-

our cohort but this can be further explored in

salam.

future studies.

Additionally, seven phase II prospec-

Furthermore, we found non-significant

tive studies on first generation TKIs in NSCLC

OS times between EGFR mutation and EGFR

patients with EGFR mutation have demon-

wild type cases (log rank test p=0.232). Simi-

strated

14

lar studies conducted by researches in Taiwan

months.18 However, the median PFS of our

a

PFS

ranging

from

7.7

to

and Korea have also reported similar results

study (seven months) was lower than previ-

(p=0.450 and p=0.390 respectively).19 How-

ously reported by other authors. This may be

ever, one particular study has contradicted

due to our small study sample size of EGFR

EGFR mutation as a significant factor in influ-

mutation NSCLC patients and certain uniden-

encing

tified biological factors within the Bruneian

cantly higher OS was found in EGFR mutation

community that could render EGFR TKI thera-

cases

pies less effective. Therefore, this warrants

tors such as co-morbidities, distant metasta-

further studies to explore the resistance

ses and the stage of cancer which could in-

mechanisms to EGFR TKI in our patients.

crease mortality rate.

Evidences also suggest that certain
mutations (Exon 19 deletions) have better

the survival time although a signifi(P=0.014).19 This may be due to fac-
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Limitations

the manuscript. The authors do not declare any

Our study unavoidably had selection bias as

financial or conflicts of interest in preparing this

not all lung cancer patients were referred to

manuscript.

TBCC nor sent for EGFR mutation analysis.
Retrospective nature of our study design may
also lead to information bias. A small sample
size is another limitation. Furthermore, we

REFERENCES
1:

Hosein

Rafiemanesh,

Mojtaba

Mehtarpour,

Farah Khani, et al. Epidemiology, incidence and

were unable to include response rate of all

mortality of lung cancer and their relationship

EGFR mutations towards EGFR TKI therapy

with the development index in the world. J

due to the insufficient number to draw appro-

Thorac Dis. 2016;896):1094-1102. [Accessed

priate conclusions. This could be the topic of

2018

ongoing studies locally. A follow-up study

www.ncbi.nlm.nih.gov/pmc/articles/

could also evaluate the rate of re-biopsy of

PMC4886020/pdf/jtd-08-06-1094.pdf

tumour specimen to detect T790M mutation

2:

Jan

28].

Pdf

available

at:

https://

WHO. Globocan 2018 Latest global cancer data
- International Agency for Research on Cancer.

for patients who have progressed on initial

[Accessed 2019 Mar 25]. Available at: https://

EGFR TKI therapy.

www.iarc.fr/infographics/globocan-2018-latestglobal-cancer-data/
3:

Ministry of Health, Brunei Darussalam. Health

CONCLUSIONS

Information Booklet (HIB) 2017 - updated Jan

This study characterizes the phenotypes of

2019. [Accessed 2019 Mar 25]. Available from:

http://www.moh.gov.bn/Downloadables/Health

patients harbouring NSCLC EGFR mutations in

Information Bookler 2017 (revised as of Janu-

Brunei Darussalam. The prevalence of EGFR
mutations was found to be high (43.7%),
thus

further

supporting

EGFR

mutation

ary 2019).pdf
4:

Molina JR, Yang P, Cassivi SD, Schild SE, Adjei
AA. Non-small cell lung cancer: epidemiology,

screening in all patients with NSCLC. Alt-

risk factors, treatment, and survivorship. Mayo

hough our results were comparable to other

Clin Proc. 2008;83(5):584–94. [Accessed 2017

studies conducted in Asian patients, the PFS

Apr

rate on EGFR TKI observed locally was inferi-

www.ncbi.nlm.nih.gov/pmc/articles/

or to published studies thus warrants further
exploration. Nevertheless, our study confirms

18].

Available

from:

https://

PMC2718421/pdf/nihms121782.pdf
5:

Abbasi S, Badheeb A. Prognostic Factors in
Advanced Non-Small-Cell Lung Cancer Patients:

the role of EGFR mutation as a predictive

Patient Characteristics and Type of Chemother-

marker to identify patients who will potential-

apy.

Lung

Cancer

Int.

2011;2011:1–4.

18].

Available

ly benefit from a personalized treatment ap-

[Accessed

proach with EGFR TKI therapy.

https://www.ncbi.nlm.nih.gov/pmc/articles/

2017

Apr

from:

PMC4475580/pdf/LCI2011-152125.pdf
6:

cer Institute. SEER Cancer Statistics Review,

ACKNOWLEDGEMENTS

1975–2015. [Accessed on 2019 March 25]. Pdf

We would like to thank PAPRSB Institute of Health

available

Sciences, Universiti Brunei Darussalam, The Brunei

Chong for helping to proof read the manuscript and
made amendments in the methodology, results

reporting and references.

DISCLOSURE

at

https://seer.cancer.gov/

csr/1975_2015/results_merged/

Cancer Centre for granting permission to conduct
and complete this research project, and Dr William

U.S. National Institute Of Health, National Can-

sect_01_overview.pdf
7:

Chee

Fui

CHONG,

Muhamad

I

ADI,

Luke

MATHEW, Muhd Syafiq ABDULLAH, Pemasari

Upali TELISINGHE. Five year survival of nonsmall cell lung cancer patients in Brunei Darussalam. Brunei Int Med J. 2013;9(1):12-21.
[Accessed on 2019 March 25]. Pdf available at

All authors have made substantial contribution to

http://www.bimjonline.com/PDF/Bimj

the manuscript. The authors do not declare any

Volume 9, Issue 1/20139112.pdf

2013

LEONG et al. Brunei Int Med J. 2019;15:52

8:

9:

10:

11:

12:

13:

Singh N. Beyond epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK) testing in advanced non-small cell lung
cancer: Is the picture as ''ROS1'' as it appears?
Lung India. 2017;34(5):405–8. [Accessed
2017
Apr
18].
Available
from:https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC5592748/
Siegelin MD, Borczuk AC. Epidermal growth
factor receptor mutations in lung adenocarcinoma. Lab Investig. 2014;94(2):129–37.
[Accessed 2017 Apr 18].
Available from:
https://www.nature.com/articles/
labinvest2013147.pdf
Bethune G, Bethune D, Ridgway N, Xu Z. Epidermal growth factor receptor (EGFR) in lung
cancer: an overview and update. J Thorac Dis.
2010 Mar;2(1):48–51. [Accessed 2017 Apr
18].
Available
from:
https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC3256436/
da Cunha Santos G, Shepherd FA, Tsao MS.
EGFR Mutations and Lung Cancer. Annu Rev
Pathol Mech Dis. 2011;6(1):49–69.
Dearden S, Stevens J, Wu Y-L, Blowers D. Mutation incidence and coincidence in non smallcell lung cancer: meta-analyses by ethnicity
and histology (mutMap). Ann Oncol Off J Eur
Soc Med Oncol. 2013;24(9):2371–6. [Accessed
2017 Apr 18].
Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC3755331/pdf/mdt205.pdf
Shi Y, Au JS, Thongprasert S, Srinivasan S,
Tsai CM, Khoa MT, Heeroma K, Itoh Y, Cornelio
G, Yang PC. A prospective, molecular epidemiology study of EGFR mutations in Asian patients with advanced non-small-cell lung cancer
of adenocarcinoma histology (PIONEER). J
Thorac Oncol. 2014 Feb;9(2):154-62. doi:
10.1097/JTO.0000000000000033.
[Accessed
on 2019 Mar 25]. Pdf available at https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC4132036/pdf/jto-9-154.pdf

16:

17:

18:

19:

20:

14: Yu Hao Han, Mas RW Abdul Hamid, Pemasiri
Upali Telisinghe, Juniadah, Binti Haji Hussin,
Mohamed Mabruk. Overexpression of EGFR
Protein in Bruneian Lung Cancer Patients.
Asian Pacific J Cancer Prev J Cancer Prev.
2015;16(161):233–7. [Accessed 2017 Apr 18].
Available
from:
http://journal.waocp.org/
article_30419_f5b6a00e938299aa6ab27cc402c9f9
e0.pdf

15: Ha SY, Choi S-J, Cho JH, Choi HJ, Lee J, Jung
K, et al. Lung cancer in never-smoker Asian
females is driven by oncogenic mutations,

21:

most often involving EGFR. Oncotarget. 2015;6
(7):5465–74. [Accessed 2017 Apr 18]. Available
from:
http://www.oncotarget.com/
index.php?
journal=oncotarget&page=article&op=download&p
ath%5B%5D=2925&path%5B%5D=7015
Han G, Bi J, Tan W, Wei X, Wang X, Ying X, et
al. A retrospective analysis in patients with
EGFR-mutant lung adenocarcinoma: is EGFR
mutation associated with a higher incidence of
brain
metastasis?
Oncotarget.
2016;7
(35):56998–7010. [Accessed 2017 Apr 18]. Pdf
available at: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5302968/pdf/oncotarget-0756998.pdf
Nie Y, Gao W, Li N, Chen W, Wang H, Li C, et
al. Relationship between EGFR gene mutation
and local metastasis of resectable lung adenocarcinoma. World J Surg Oncol. 2017;15(1):55.
[Accessed 2019 Mar 25]. Pdf available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5335737/
pdf/12957_2017_Article_1103.pdf
Zhang X, Chang A. Molecular predictors of
EGFR-TKI sensitivity in advanced non-small cell
lung cancer. Int J Med Sci. 2008;5(4):209–17.
[Accessed 2019 Mar 25]. Pdf available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2467518/pdf/ijmsv05p0209.pdf
Fang S, Wang Z. EGFR mutations as a prognostic and predictive marker in non-small-cell lung
cancer. Drug Des Devel Ther. 2014;8:1595–
611. [Accessed 2017 Apr 18]. Pdf available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4189714/pdf/dddt-8-1595.pdf
Zhang Z, Stiegler AL, Boggon TJ, Kobayashi S,
Halmos B. EGFR-mutated lung cancer: a paradigm of molecular oncology. Oncotarget.
2010;1(7):497–514. [Accessed 2017 Apr 18].
Full
text
available
at:
http://
www.oncotarget.com/index.php?
journal=oncotarget&page=article&op=view&path[]
=186&path[]=257
Jänne PA, Yang JC-H, Kim D-W, Planchard D,
Ohe Y, Ramalingam SS, et al. AZD9291 in
EGFR Inhibitor–Resistant Non–Small-Cell Lung
Cancer. N Engl J Med. 2015;372(18):1689–99.
[Accessed 2017 Apr 18]. Available from:
https://www.nejm.org/doi/full/10.1056/
NEJMoa1411817

