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ABSTRACT
Background: Somatic mutations of the epidermal growth factor receptor (EGFR) gene have been associated with tumor response to 
tyrosine kinase inhibitors (TKIs) and favorable outcome in patients with non‑small‑cell lung cancer (NSCLC). The activating mutations 
that confer sensitivity to EGFR TKIs are present in the TK domain of the EGFR gene. This study aims to report on the prevalence 
of EGFR mutations in NSCLC and non‑squamous lung cancer patients at diagnosis, using genomic deoxyribonucleic acid (DNA) 
obtained from paraffin‑embedded tissue samples.

Materials and Methods: We collected formalin‑fixed, paraffin‑embedded (FFPE) tissue samples from 166 cases of 
lungadenocarcinomas referring to Jordan University Hospital and King Hussein Cancer Center between 2007 and first half of 2013. 
None of the patients met the definition of never smoker defined as those who smoked less than 100 cigarettes in their lifetime. We 
evaluated EGFR mutations by nested polymerase chain reaction (PCR) followed by direct sequencing of the EGFR kinase domain 
from exon 18 to 21.

Results: Six different point mutations were detected in 24 patients (14.46%) of the study population. The resultant mutations were 
as follows: Ten patients have deletion in exon 19, sevenpatients have L858R, two patients have L861P, and one of each of the 
following: A735T, D770_N771 insY, L858P, L861Q, and G917C.

Conclusion: The present study revealed that the EGFR mutations rate in Jordanian patients with adenocarcinoma of the lung 
was higher than in African‑American, and some white Caucasian patients, and was lower than in patients in East Asia, and other 
countries of South Asia.
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INTRODUCTION

Lung cancer is one of the most common causes 
of cancer death in the world with over 1 million 
cases diagnosed every year.[1] Human lung cancers 
are classified into two major types, small cell 
lung cancer (SCLC) and non‑small cell lung 
cancer (NSCLC). The NSCLC consists of several 
types, mainly adenocarcinoma and squamous cell 
carcinoma.[2]

Epidermal growth factor receptor (EGFR) is a 
tyrosine kinase (TK) receptor identified as being 
highly expressed in cancer cells including lung 
cancers.[3,4] EGFR is a transmembrane protein 
consisting of an extracellular ligand‑binding 
domain, a transmembrane domain, an intracellular 
TK domain, and a regulatory region.[4,5] Somatic 
mutations within the TK domain of EGFR are found 
in approximately 20% of lung adenocarcinomas and 
are the most reliable predictors of response to EGFR 
TK inhibitor (TKI) targeted treatment.[2,6]

The activating mutations of the EGFR gene 
are found in four exons (18 through 21) of the 
TK domain.[7,8] The most frequently observed 
mutations are the exon 19 deletions and the exon 
21 L858R mutation, which taken together account 
for ~85–90% of all EGFR mutations. EGFR‑mutant 
tumors most often display adenocarcinoma 
histology and are associated with a better prognosis 
than EGFR wild‑type tumors.[9] Currently, the most 
common method of EGFR mutation detection is 
involving DNA purification from the whole tumor 
sample, polymerase chain reaction (PCR)‑based 
amplification, and direct sequencing of the PCR 
product.[10]

Gefitinib and erlotinib drugs act as specific 
inhibitors for the TK domain of EGFR gene mutations 
in exons 18–21.[11] However, the prevalence of 
mutations varies among ethnicity, grade, age, and 
gender. In this study, we examined the presence 
of EGFR mutations in paraffin‑embedded tissue 
samples of lung Adenocarcinoma patients using 
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direct sequencing. This study was aimed to investigate the 
prevalence of EGFR mutations in Jordanian patients with 
lung adenocarcinoma for screening purposes. This mutational 
analysis is useful for future planning of using EGFR‑targeted 
therapies for the treatment of these patients.

MATERIALS AND METHODS

Patients characteristics
A total of 166 adenocarcinoma lung cancer patients were 
analyzed for EGFR mutations. Patient characteristics, 
including age, sex, smoking habit, and histological tumor 
type, were recorded. Patients who had just smoked <100 
cigarettes in their lifetime were categorized as ‘never 
smokers’.[12] The study was approved by the investigational 
review board (IRB). Lung tissue samples were obtained 
from Jordan University Hospital (JUH), between 2007 
and 2013, and from King Hussein Cancer Center (KHCC) 
between 2010 and 2012. Tumor samples of formalin‑fixed, 
paraffin‑embedded (FFPE) blocksfrom 166 patients with 
adenocarcinoma were analyzed in the Laboratory of 
Molecular Hematology and Oncology at the University of 
Jordan for the presence of EGFR mutations. Fifty patients 
were females (30%) with a median age of 54.10 ± 12.80 years 
and 116 of patients were males (70%) with a median age 
of 62.08 ± 12.60 years. The median of age for patients 
with EGFR mutations was 58.8 ± 9.5(females, n = 11 
and males, n = 13), as shown in Table 1. All patients had 
adenocarcinoma, the majority (n = 100) were at stage IV of 
the disease. Onehundred and twenty‑nine of the analyzed 
patients were smokers (77%) and 37 were nonsmokers (23%). 
All of these patients wereassessed for EGFR mutations by 
direct sequencing of exons 18–21 amplified PCR products. 
Prior to DNA extraction, patient sampleswere verified by a 
histopathologist for the presence of tumor cells.

DNA extraction
Genomic DNA was extracted using the QIAamp DNA FFPE 
Kit (Qiagen), according to the manufacturer’s protocol. The 
DNA obtained was eluted in 100 µl of sterile nuclease free 
water,	and	the	extracted	DNA	was	stored	at	−20°C	until	used.

PCR amplification and direct sequencing
Exons 18‑21 of the EGFR gene were amplified by PCR. The 
primers were designed as previously described by Hsieh et al.[11] 
PCR was performed in 50 µl volume containing 2 U of Taq DNA 
polymerase (Promega, USA), 10 µl of 5 × PCR buffer, 0.2 µM 
dNTP, 0.5 µM of each primer, and 2.5 mM of MgCl

2
. The first 

PCR analyses were performed in a volume of 50 µl by 35 cycles 
consisting of a denaturation step at 94°C for 45 s, a primer 
annealing step at 50°C for 30 s, and an elongation step at 
72°C for 45 s. The final step at 72°C was extended for 5 min. 
Nested PCR was performed with 35 cycles under the same 
conditions as the first PCR except the annealing temperature 
was 55°C. The PCR amplification was confirmed by agarose gel 
electrophoresis and sequenced in both directions to confirm the 
presence of the mutations using Dye Terminator Chemistry and 
an ABI 3310 Genetic Analyzer (Applied Biosystem, Germany). 
The amino acid substitutions were determined using GenBank 
accession no. M14752. The sequencing reactions were repeated 
for confirmation of the positive results.

RESULTS

Mutations were observed in 24 patients of the analyzed 
population (n = 166). Table 1 shows the characteristics for all 166 
study patients and Table 2 shows the types of EGFR mutations. 
The mean of age at initial diagnosis was 59 ± 12.6 years 
(range, 33–84 years). Fifty (30%) patients were females and 
116 (70%) patients were males. One hundred (60.2%) patients 
had stage IV disease at presentation, 60 (36.2%) patients had 
stage III, and 6 patients (3.6%) have stage II. Six different 
mutations were detected in 24 patients (14.7%). Ten patients 
had in‑frame deletion inexon 19 deletion, 7 patients had L858R, 
2 patients had L861P, and one patient with each of the following 
mutations: A735T, D770_N771 insY, G719A, L861Q, and L858P. 
Among the mutant positive cases, the percent of deletion in 
exon 19 was 41.7%, L858R mutation in exon 21 was 42.2%, 
L861P mutation in exon 21 was 8.3%, A735T mutation in exon 
18 was 4.7%, D770_N771 insY in exon 20 was 4.7%, L8585P 
mutation in exon 21 was 4.7%, L861Q mutation in exon 21 was 
4.7%, and G719C mutation in exon 18 was 4.7%. Nine patients 
with EGFR mutations were smokers (37.5%), while 15 patients 
were nonsmokers (62.5%).

DISCUSSION

Approximately 10% of patients with NSCLC in the US and 35% 
in East Asia have tumor‑associated EGFR mutations.[13‑15] These 
mutations occur within EGFR exons 18–21, which encodes a 
portion of the EGFR kinase domain. Approximately 90% of 
these mutations are exon 19 deletions or exon 21 L858R point 
mutations.[16] These mutations increase the kinase activity of 
EGFR, leading to hyperactivation of downstream prosurvival 
signaling pathways.[17]

Regardless of ethnicity, EGFR mutations are more 
often found in tumors from female never smokers 

Table 1: Patient characteristics

Number (%)
All patients (n=166) EGFR mutations (n=24)

Gender
Male 116 (70) 13 (54.2)
Female 50 (30) 11 (45.8)

Age (years)
Mean±SD 59±12.6 58.8±9.5
Range 33‑84 46‑78

Smoking history
Yes 129 (77) 9 (37.5)
No 37 (23) 15 (62.5)

Stage at diagnosis
II 6 (3.6) 0
III 60 (36.2) 9 (37.5)
IV 100 (60.2) 15 (62.5)

EGFR=Epidermal growth factor receptor, SD=Standard deviation
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(defined as less than 100 cigarettes in a patient’s lifetime) with 
adenocarcinoma histology.[18,19] However, EGFR mutations can 
also be found with less frequency in other subsets of NSCLC, 
including in former and current smokers as well as in other 
histologies. In our study, the majority of patients with EGFR 
mutations were nonsmokers (62.5%) compared to 37.5% of 
smokers adenocarcinoma patients.

Testing for epidermal growth factor receptor mutations is an 
important step in the evaluation process for systemic therapy in 
patients with metastatic or recurrent NSCLC, according to updated 
recommendations issued by the American Society of Clinical 
Oncology and the National Comprehensive Cancer Network.

To our knowledge, the present study is the only published 
series to date to comprise information on EGFR mutations in 
a fair number of Jordanian patients, and largest sample among 
Arabian patients. Our samples were collected from two major 
hospitals and diagnostic centers for lung cancer, to which 
patients come from widespread areas of Jordan. Therefore, it 
is likely that our series closely reflects the overall frequency 
of EGFR mutations in the population of Jordan.

The present study revealed that the EGFR mutation rate in 
Jordanian patients with adenocarcinoma of the lung was 
higher than in African‑American,[20] and some white Caucasian 
patients,[18] and was lower than in patients in East Asia[19,21] 
and other countries of South Asia.[22] This is probably related 
to inherent differences between cohorts.

Our data showed that the frequency of EGFR mutation is doubled 
in females (0.19%) than in males (0.09%), which is consistent with 

data from other parts of the world. Although all our patients in 
this study were smokers, primary or secondary smokers, we did 
not have data about the extent of smoking to make a correlation 
between smoking and frequency of EGFR mutation. The most 
frequent mutation detected was exon 19 deletion, which is 
consistent with data form other published series.

It is notable that tumor stage at diagnosis may have affected 
the reported ethnic difference in EGRF mutation rate. As 
Jordan has no mandatory health insurance plan yet, Jordanian 
patients with lung cancer mostly present at advanced stage.

Although the number of samples is not large enough to draw 
any conclusion; our study showed that EGFR mutation among 
Jordanian patients is not rare. This is good news for patients in 
Jordan, where most lung cancer cases are in advanced stages 
at diagnosis and surgery is not a treatment option. In addition, 
the findings of the present study may help to expand the pool 
of patients eligible for future prospective clinical trials to fully 
investigate the relationship between the presence of activating 
EGFR mutation and response to TKIs.
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