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ABSTRACT

Mutations in the receptor of the epidermal growth 
factor receptor (EGFR) in non-small cell lung cancer 
(NSCLC) are used as biomarkers for predicting the re-
sponse of treatment with EGFR tyrosine kinase inhibitors 
(EGFR TKIs). Non-small cell lung cancer patients usually 
have activating EGFR mutations that leads to a very good 
response when they are treated with EGFR TKIs. Our tu-
mor samples were examined for the presence of sensitive 
mutations in the EGFR gene, resistant mutations or the 
absence of mutations. To identify the types of the mutation, 
we used a real-time polymerase chain reaction (RT-PCR) 
method. Additionally, we evaluated the frequency of EGFR 
mutations and their association with smoking status, gen-
der and histology. The tumor samples (n = 551) were tested 
for 29 somatic mutations in the EGFR gene. Sensitive 
mutations in the EGFR genes were found in 55 NSCLC 
samples (10.0%). The prevalence of EGFR mutations was 
much higher for females than for males (27.1 vs. 3.9%, p 
<0.001). The prevalence of EGFR mutations was greater 
in subjects who had never smoked than in smokers (15.0 
vs. 6.08%, p <0.003). Additionally, the frequency of EGFR 
mutations was higher in adenocarcinomas than in other 
histological types (14.9 vs. 5.1%; p <0.001). Our results 
show that activating mutations on the EGFR gene are more 
frequent in females than in males, in adenocarcinoma than 
other histological types and in non smokers than smokers.
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INTRODUCTION

In Bulgaria, lung cancer is a major health problem; 
it is more frequent in men than in women and most of 
the patients are diagnosed when they are in an advanced 
stage. Non-small-cell lung cancer (NSCLC) is the most 
common form of lung cancer (85.0% of the cases) and it 
is the leading cause of death for male and female patients. 
As reported by the Bulgarian National Cancer Registry, 
NSCLC is the most common malignancy in men (19.1%) 
and the seventh in women (5.1%) [1,2]. Patients with 
NSCLC must be tested for prognostic markers associated 
with the survival of the patient and predictive biomarkers 
associated with the effect of the therapeutics. The target 
therapy contributes to the therapeutic approach according 
to specific genetic abnormalities in the tumor tissue. A 
lot of genes with predictive and prognostic significance 
in NSCLC are involved in the signaling pathway EGFR/
KRAS/RAF/ MEK/MEK/ERK [3]. The epidermal growth 
factor receptor (EGFR) gene encodes a protein that is a 
transmembrane glycoprotein, a member of the protein 
kinase family. The receptor for members of the EGFR 
family, has three domains: extracellular, trans membrane 
and intracellular. When the ligand is attached to the recep-
tor a cascade is induced, tyrosine is autophosphorylated 
and the activity of tyrosine kinase is increased. The Ras/
Raf/MEK/ERK cascade transmits signals to transcription 
factors, which regulate gene expression and the activity 
of proteins involved in apoptosis. Mutations in the EGFR 
gene lead to over expression of the protein and had been 
associated with development of lung cancer, especially 
NSCLC. Sensitive mutations in the EGFR gene, such 
as mutations, deletions in exon 19, and the point muta-
tion L858R in exon 21, have been reported in 80.0% of 
cases. They are found in 10.0-15.0% of the patients with 
adenocarcinomas and only 3.0% of other histological 
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types. In advanced NSCLC, the presence of an activat-
ing mutation in EGFR gene confers better prognosis and 
predicts the sensitivity of tumor cells to EGFR tyrosine 
kinase inhibitors (TKIs) [4,5]. In Bulgaria, it is recom-
mended that patients with adenocarcinoma be tested for 
the EGFR gene mutations, so they can be given EGFR 
TKI as a first-line therapy instead of chemotherapy. The 
mutations, deletion in exon 19 and L858R in exon 21 in 
the EGFR gene are associated with sensitivity to TKIs 
such as gefitinib [6]. Both mutations show increased 
sensitivity to first generation EGFR TKIs and they are 
the most frequent mutations in NSCLC [7]. Overall, mu-
tations in the EGFR gene are more frequent in tumors 
classified as adenocarcinoma, in female patients who 
have never smoked. Therefore, those patients have the 
highest response rates to gefitinib [8,9].

Many molecular technologies are used in the diagnos-
tic laboratories for the evaluation of the EGFR gene mu-
tations. In this series of samples from Bulgarian NSCLC 
patients, we applied a real-time polymerase chain reaction 
(RT-PCR) analysis of DNA extracted from formalin-fixed 
paraffin-embedded tissue (FFPE).

We present our data for the EGFR gene mutations, 
using RT-PCR kit (therascreen EGFR RGQ PCR kit) 
amplification refractory mutation system (ARMS) and 
Scorpions therascreen® EGFR test; Qiagen Ltd., Man-
chester, Greater Manchester, UK). The kit is optimized 
for in vitro diagnostics and detects the following mu-
tations in the EGFR gene: exon 19 deletions, L858R, 
L861Q, G719X, S768I, exon 20 insertions, and the point 
mutation T790M.

MATERIALS AND METHODS

Tumor samples from 551 Bulgarian patients diag-
nosed with NSCLC have been collected for the last 5 
years. The patients were aged between 24 and 84 years old 
and the average age was 63. The gender ratio in the tested 
group was 407 (73.9%) males and 144 females (26.1%). 
All procedures were supervised and approved by the hos-
pital’s Ethics Committee. For examination of the samples, 
the patients provided a signed written informed consent.

DNA was extracted from FFPE NSCLC samples from 
primary tumors by QIAamp DNA FFPE Tissue Kit (Qia-
gen Ltd.) for genomic DNA purification. The concentra-
tions of the DNA samples were measured by NanoDrop 
Lite spectrophotometer system (Thermo Fisher Scientific, 
Waltham, MA, USA).

The therascreen EGFR RGQ PCR Kit (Qiagen Ltd.) 
was custom-made for detecting 29 somatic mutations in 

exons 18-21 of the EGFR gene using a RT-PCR technolo-
gy. The amplification reaction was done on the Rotor-Gene 
Q instrument (Qiagen Ltd.). For detecting the mutations 
with RT-PCR, the assay used two technologies, ARMS and 
Scorpions (Qiagen Ltd.). Mutation-specific amplification 
was performed using the ARMS technique, meanwhile 
detection of amplification was performed using Scorpions 
PCR primers linked to a probe. After completing the PCR 
run, each DNA sample was analyzed for the presence of 
EGFR gene mutations, or not, by Rotor-Gene Q Series 
(Qiagen Ltd.). If there was amplification on one or more 
mutation reaction in the sample, the difference between 
the mutation cycle threshold (CT) and control (CT) from 
the same sample was used to calculate CT values. Then we 
compare the CT value for the sample with the cutoff point 
for the assay in a table according to the manufacturer’s 
guideline (Qiagen Ltd.).

We used the χ2 tests to evaluate the association be-
tween EGFR gene mutations and clinicopathological 
features, such as gender, smoking status and histological 
type. The statistical analysis was performed between the 
positive EGFR patient’s groups, divided into males vs. 
females, smokers vs. non smokers and adenocarcinomas 
and other histological types (squamous cell carcinoma 
and large cell carcinoma). All the statistical analyses were 
performed using the R Core Team (2013) software (http://
www.R-project.org/.) The results were considered statisti-
cally significant at a p value of less than 0.05.

RESULTS

The NSCLC samples were classified by an experi-
enced pathologist into 50.1% (n = 276) adenocarcinoma 
and 49.9% (n = 275) other histological types. Distribution 
by stage was as follow: 38 patients were diagnosed with 
stage IIIB and 513 were stage IV. There were 338 smokers 
(61.3%) and 213 were non smokers (38.7%). The risk of 
having lung cancer for smokers increased with the number 
of cigarettes smoked per day or duration of smoking [10]. 
The clinical characteristics of the patients are shown in 
Table 1.

Mutational status was determined according to the 
manufacturer’s protocol. All samples analyzed had an in-
ternal control CT value in the reference range 23-30, 69. 
Positive amplification for EGFR mutational assay was con-
sidered in the case of CT value within the range of 15-40. 
The ∆CT value for each mutation sample showing positive 
amplification was calculated by the formula: ∆CT = muta-
tion CT-control CT and compared to the reference provided 
by the manufacturer (Figure 1). The EGFR gene mutations 
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were found in 10.0% of the NSCLC samples (n = 55) us-
ing the therascreen EGFR assay (Qiagen Ltd.) (Table 2).

DISCUSSION

In our study, exon 19 deletions and the point mutation 
L858R in exon 21 constituted 92.7% of all EGFR gene 
mutations, which confirms the findings of previous studies 
[11]. Deletions in exon 19 of the EGFR gene were detected 
in 56.3% (n = 31) of all mutated samples, while L858R was 
detected in 36.4% (n = 20). All the EGFR gene exon 19 

deletions positive patients had stage IV cancer. The L858R 
mutation was found in 36.4% (n = 20) of EGFR positive 
cases, with 90.0% (n = 18) having stage IV and 10.0% (n 
= 2) stage IIIb. Insertions in exon 20 represented 3.6% 
(n = 2) of all detected mutations. The rarest cases in our 
cohort, in concordance with previously reported results in 
the literature, were the double mutants, representing 3.6% 
(n = 2). A T790M point mutation was detected in only one 
sample together with a deletion in exon 19. In the other 
double mutant sample, a combination of a S768I mutation 
and a deletion in exon 19 was detected.

According to smoking status, there was a higher 
prevalence of the EGFR gene mutation positive cases in 
smokers. In our cohort, the EGFR gene mutations were 
found in 15.0% (n = 32) patients who had never smoked 
and in 6.8% (n = 23) smokers (p <0.003).

The prevalence of the EGFR gene mutations was 
higher in females than in males. Female to male ratio in 
the EGFR gene mutation positive cases in our cohort was 
2.4:1, with 27.1% (n = 39) positive cases in female samples 
and 3.9% (n = 16) in males (p <0.001). The frequency 
of the mutations in adenocarcinomas was higher than in 

Figure 1. Plot shows EGFR positive samples for the exon 19 deletion; amplification of the 
internal control (Ctrl assay) with CT 26.45 and amplification for mutational assay (del assay) 
with CT 29.42. ∆CT = 2.97 (calculated by the formula ∆CT = mutation CT-control CT). The ∆CT 
cutoff value for this mutational assay was 9.06.

Table 1. Clinicopathological features of the 551 patients.

Clinicopathological Features Total Patients (n) Patients with Mutations or Wild-Type (n) p Value
Mutations Wild-Type

Gender:
     males
     females

407
144

16
39

391
105 <0.0001

Histology:
     adenocarcinomas
     other types

276
275

41
14

235
261 0.000232

Smoking history:
     smokers
     non smokers

338
213

23
32

315
181 0.002807

Table 2. Types of the mutations detected.

Mutations Detected Patients
(n) %

Deletions in exon 19 31 56.4
L858R 20 36.4
Insertions in exon 20   2   3.6
Deletions in exon 19 and T790M   1   1.8
Deletions in exon 19 and S768I   1   1.8
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other histological types with a statistically different (14.9 
vs. 5.1%, p <0.001) frequency.

Multiple studies have shown that mutations in the 
EGFR gene TK domain are used as predictors for the thera-
peutic response and the progression-free survival benefit 
of EGFR treatment [12]. Many studies showed that EGFR 
gene mutations are more common in adenocarcinomas in 
women and non smokers [13]. Our results are consistent 
with previous studies.

Our results showed that 10.0% of the advanced 
NSCLC patients in Bulgaria carried mutations in the EGFR 
gene. The statistical analysis showed the difference in 
EGFR gene mutation rate between female and male pa-
tients to be statistically significant (p <0.001). Likewise, 
the analysis showed the difference in EGFR gene mutation 
rate between patients with adenocarcinomas and patients 
with other histological types (such as squamous cell car-
cinoma and large cell carcinoma) to be significant (p = 
0.0001). Whereas the results showed the difference in 
EGFR gene mutation rate between non smoking patients 
and patients who smoked to be statistically significant (p 
<0.003).

In our cohort, exon 19 deletions and the L858R muta-
tion represented 92.7% of the detected mutations convey-
ing sensitivity to TKIs. Deletion in the EGFR gene exon 
19 was found in 23 lung adenocarcinomas, eight in other 
histological types. The L858R EGFR gene mutation was 
found in 16 lung adenocarcinomas, four in other histo-
logical types. The remaining 7.3% of the mutations we 
detected are insertions in exon 20 and double mutations, 
exon 19 deletion and T790M, and exon 19 deletion and 
S768I. The EGFR gene exon 19 deletion and S768I double 
mutation was detected in lung adenocarcinoma, and the 
EGFR gene exon 19 deletion and T790M double muta-
tion was found in a squamous cell carcinoma. The EGFR 
gene exon 20 insertions were found in two samples, one 
lung adenocarcinoma and one squamous cell carcinoma.

Previous studies have shown that NSCLC patients 
whose tumors have sensitive mutation in the EGFR gene 
respond better than those with a wild-type tumor variant 
to drugs that target the TK domain of the gene. Therefore, 
according to all therapeutic guidelines, it is mandatory 
to determine the mutational status of the EGFR gene in 
patients with NSCLC in order to assess their eligibility for 
TKI treatment [14,15]. The EGFR gene exon 19 deletions 
and L858R mutation convey sensitivity to first-generation 
EGFR TKIs [8]. The T790M mutation predicts resistance 
to first-generation EGFR TKIs.

CONCLUSIONS

Our results show that in the Bulgarian NSCLC popu-
lation the frequency of EGFR gene mutations is in the 
lower range of the one reported in other European popula-
tions. The EGFR gene mutation status can be accurately 
and quickly determined by the commercially available RT-
PCR assays. Our results showed that activating EGFR gene 
mutations are statistically more prevalent in women vs. 
men, in adenocarcinomas vs. other histological types and 
in non smokers vs. smokers. The commercially available 
RT-PCR assays efficiently detect the clinically significant 
EGFR gene mutations and are a first-tier test to determine 
EGFR status in a routine diagnostic setting.
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