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Abstract

Objectives: To define the histological types of primary 
lung cancer in Bahrain and to determine prevalence of 
EGFR and ALK mutation in patients with non-small cell 
lung carcinoma.

Methods: Data regarding Bahraini patients diagnosed 
with primary lung cancer between January 2013 and 
December 2018 were collected from the lab information 
system in Salmaniya medical complex, Manama, Bahrain.

Results: One hundred and forty-three Bahraini patients 
were diagnosed with lung cancer in the study period. 
67.1% of the patients were male. The mean age at 

diagnosis was 68 years. The most common histological 
type was adenocarcinoma (58%), followed by squamous 
cell carcinoma (19%). EGFR mutation was found in 21.5% 
of non-small cell lung cancer cases with predominance 
of exon 19 deletions (29%) and exon 21 nucleic acid 
changes (21%). ALK mutation was found in 10.5% of 
EGFR negative patients.

Conclusion: Adenocarcinoma is the most common 
primary lung cancer in Bahrain. Genetic mutations of 
EGFR and ALK genes were found in 21.5% and 10.5% of 
adenocarcinoma cases, respectively. 

Keywords: Lung cancer, adenocarcinoma, mutation, 
epidermal growth factor (EGFR), Anaplastic lymphoma 
kinase (ALK)
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Introduction
Lung cancer is the foremost type of cancer among 

males worldwide, and the third among females. It is 
also the leading cause of cancer related death in men 
and second in women globally.1 In the Gulf Cooperation 
Council (GCC) countries, lung cancer has been classified 
as the fourth most common cancer among males and 
third among females. In Bahrain, it is the second most 
common cancer.2

Testing for epidermal growth factor receptor (EGFR) 
and anaplastic lymphoma kinase (ALK) mutation in 
lung cancer patients is pivotal as targeted therapy lead 
to prolongation of progression-free survival period, 
improvement in quality of life and reduction of overall 
treatment side effects compared to those caused by 
traditional chemotherapy.3

Previous studies 2,4 regarding lung cancer in Bahrain 
depended on clinical data and lacked detailed histological 
classification. Molecular tests were also not done during 
that period. Therefore, no data regarding molecular profile 
of lung cancer in Bahraini patients is reported. 

The aim of this study is to describe the histological 
types of lung cancer among Bahraini population, and to 
study prevalence of EGFR and ALK in this population. 

Methods
The lab information system (LIS) in Salmaniya Medical 

Complex was searched for all cases of primary or 
metastatic lung cancer diagnosed between January 2013 
and December 2018. As this research aims to study lung 
cancer among Bahraini population, non-Bahraini patients 
were excluded from the study. 

All data collected were as per information provided in 
the reports at time of diagnosis. No slides were reviewed 
in this study. Parameters collected included age, gender, 
source and type of specimen, diagnosis and results of 
any immunohistochemical studies or molecular studies 
(including epidermal growth factor receptor (EGFR) 
mutations and ALK rearrangement) performed. 

Type of tumour was determined by microscopic 
examination of morphology along with immunohistochemical 
stains, if needed. Immunohistochemical stains used varied 
based on morphology and were performed using the 
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BenchMarkXT automated staining system (Ventana Medical 
Systems, Oro Valley, AZ, USA). The antibodies used included 
p63, cytokeratins 5 and 6 (CK5/6), CK7, thyroid transcription 
factor-1 (TTF1), calretinin, WT-1, synaptophysin and 
chromogranin. For lymphoma cases, leukocyte common 
antigen (LCA), CD20, CD3, CD5, CD43, BCL-2, BCL-6, 
CD10, C-MYC, ALK-1 and MUM-1, CD30, Kappa and 
lambda antibodies were used. For mesenchymal tumours, 
antibodies used were pan-cytokeratins (AE1/AE3), vimentin, 
S-100, desmin and smooth muscle actin (SMA).

EGFR mutation was tested overseas using Cobas® 
EGFR v2 PCR Kit. It detected 42 different mutations in 
the EGFR gene with 3 targets being exon 18 mutations 
specific. The other 39 targets were grouped into 4 types: 
exon 20 insertions, exon 19 deletions, two Nucleic acid 
changes resulting in p.(Leu858Arg) within exon 21 and 
three mutations causing p.(Gly719Xaa) of exon 18. 
Fluorescence in situ hybridization (FISH) was performed 
overseas to detect ALK rearrangements.

Microsoft Excel software was used for statistical 
analysis. This study was approved by Ministry of Health’s 
research committee in Bahrain.

Results
During the study period, 143 Bahraini patients were 

diagnosed with lung cancer. Eighteen non-Bahraini 
patients were also diagnosed in this period but are not 
included in this analysis. 76 patients were diagnosed 

with lung cancer on histology specimens, 33 patients 
diagnosed on cytology specimens and 34 patients had 
combined histology and cytology specimens. 

Among these Bahraini patients, age at time of 
presentation ranged from 32 to 83 years; with mean age 
of 68 years. There were 96 (67.1%) males and 47 females 
(32.9%).

One hundred and two (71.3%) patients were diagnosed 
with primary lung cancer by computed tomography (CT)-
guided lung biopsy, endobronchial biopsy or lung fine 
needle aspiration. Right lung was the most common site 
(48.5%). 41 patients were diagnosed based on biopsy 
or cytology specimen from a metastatic site including 
pleura, lymph node, brain, bone and pericardium.

Adenocarcinoma was the most common type of 
malignancy, followed by squamous cell carcinoma. Table 
1 shows the distribution of histological diagnoses in all 
cases according to gender. 

Sixty-five patients were tested for EGFR mutation 
including 61 cases of adenocarcinoma, 2 cases of 
adenosquamous carcinoma, 1 case of carcinosarcoma 
and 1 case of carcinoma, NOS. 10 cases were reported as 
inadequate sample. 4 females and 10 males were EGFR 
mutated (21.5%) and 38 cases had wild-type EGFR. All 14 
cases were diagnosed as adenocarcinoma. Specific types 
of EGFR exon mutations are demonstrated in Figure 1. 57 
cases were sent for ALK mutation testing. ALK mutation 
was detected in six of those cases (10.5%).

Type of 
malignancy

Male 
patients

Female 
patients

Total number 
of patients (%)

Adenocarcinoma 54 29 83 (58.0)

Squamous cell 
carcinoma 

22 5 27 (18.9)

Small cell 
carcinoma

3 3 6 (4.2)

Adenosquamous 
carcinoma

3 1 4 (2.8)

Sarcomatoid 
carcinoma

3 0 3 (2.1)

Carcinoma, NOS 8 5 13 (9.1)

Adenoid cystic 
carcinoma

0 2 2 (1.4)

Lymphoma 1 2 3 (2.1)

Sarcoma 2 0 2 (1.4)

Total 96 47 143

Nos=not otherwise specified

Table 1: Types of lung cancer and distribution among gender
Figure 1: Types of EGFR mutation in patients with 
lung adenocarcinoma
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Discussion
Lung cancer is the fourth most common cancer in 

GCC countries among males with the highest incidence 
being reported in Bahrain. The age standardised rate 
of lung cancer incidence in Bahraini males is 26.1 per 
100000,2 which is slightly higher than the average global 
rate of 22.9 per 100000.5 Lung cancer is the second most 
common cancer in Bahrain.2 However, incidence of lung 
cancer in Bahrain has declined from 1998 to 2011 in both 
males and females.6 This decline might be attributed to 
anti-smoking campaigns conducted by authorities that 
increased people awareness of smoking hazards. 

About 80% of cancer patients reported at the cancer 
registry in Bahrain are treated at Salmaniya Medical 
Complex.2 This indicates that data provided in this study 
is representative of the Bahraini population. 

Similar to the previous study 2, there is male 
predominance among our cohort. This is also similar to 
the worldwide distribution of lung cancer, were it is the 
most commonly diagnosed cancer in men.1 This might be 
a reflection of environmental factors like smoking which 
is more common among men.7 Our study shows that the 
mean age at time of diagnosis is in the 7th decade of age 
similar to adjacent GCC countries. 5,8,9 

Metastasis is common in lung cancer at 
presentation.5,8,10 El Basmy et al 5 reported that 30.4% of 
their patients had metastasis at presentation. Diagnosis 
was made from metastatic sites at time of presentation in 
one third of our cases with pleura being the most common 
site of regional metastasis. 

In our study, adenocarcinoma is the most common 
type of lung cancer in Bahrain. This corresponds to recent 
results from other neighbouring GCC countries 9,11 as well 
as western countries.12 In a previous study 2 regarding 
lung cancer in Bahrain, squamous cell carcinoma was 
reported to be the most common type between 1998 
and 2011. Alamoudi et al 8 also reported squamous cell 
carcinoma in more than half of the cases of lung cancer 
in Jeddah between 2004 and 2008. This difference might 
be due to the shift in histological subtypes of lung cancer 
that started worldwide in the 1960s. Lung squamous cell 
carcinoma began to decrease due to decline in smoking 
rate among adults, which is a direct cause of squamous 
cell carcinoma.13,14 Another reason for this difference 
could be lack of routine use of immunohistochemical 
stains in diagnosis at the time of previous study2 which 
lead to categorizing many cases as non-small cell 
carcinoma without further division into adenocarcinoma 
or squamous cell carcinoma. In our study, these non-
specified cases represent less than 10% compared to 
34.6% in the previous study.2 

Many genetic mutations have been studied as part of 
molecular profile of lung adenocarcinoma. The most widely 
tested genes are epidermal growth factor receptor (EGFR), 
anaplastic lymphoma kinase (ALK), ROS1, rearranged 
during transfection (RET), neurotrophic receptor tyrosine 
kinase 1 (NTRK1) and Neuregulin 1 (NRG1) .15 

In view of the availability and efficacy of tyrosine 
kinase inhibitors in management, recent guidelines from 
American Society of Clinical Oncology (ASCO) and National 
Comprehensive Cancer network (NCCN) recommend 
that all patients with advanced non-small cell lung 
cancer (NSCLC) should undergo genetic testing for EGFR 
mutation.16 EGFR is a transmembrane protein that has 
both intra- and extra-cellular domains and functions as 
a regulator to cellular proliferation. EGFR mutation in lung 
cancer has been noticed mainly in non-smoker patients 
and/or females with East Asian ethnicity.3

In our study, EGFR mutation was detected in 21.5% 
of the cases. This is higher than the western rate of 
14%17 but similar to other Arab countries in north Africa 
such as Morocco18 and Egypt19. However, other GCC and 
neighbouring Asian countries reported higher rates of 26 
to 37%. 9,18 

EGFR mutations usually involve exons 18 to 21 of the 
gene. Deletion of exon 19, exon 21 or exon 18 shows 
longer duration of response to tyrosine kinase inhibitors, 
while exon 20 insertion shows resistance to this targeted 
therapy. Some cases show mixed mutations.20 Globally, 
both exon 19 and 21 mutations are the most common.3 
Our study as well as study from other GCC countries9 
show similar results with exons 19 and 21 deletions being 
the most common. 

ALK mutation is seen in 4-5% of lung 
adenocarcinoma.15,21 In our study, ALK mutation was 
detected in a much higher preparation (10.5%). This is 
close to the reported rate of 7.3% in Kuwait.22 This could 
be due genetic and environmental factors. 

Our study provides insight of the histological and 
molecular characteristics of lung cancer in Bahrain. 
However, we lacked data regarding smoking, carcinogenic 
exposure and clinical outcome. Therefore, further studies 
are needed to address these aspects and try to explore 
the reasons behind our higher rate of EGFR and ALK 
mutations. 
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