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Abstract
Background Epidermal growth factor receptor (EGFR) gene
mutations are recurrently observed in non-small cell lung
carcinomas (NSCLCs), and it has been found that they may
serve as specific therapeutic targets. The aim of the present
study was to determine the prevalence of EGFR gene muta-
tions in NSCLCs in an East European (Bulgarian) population
in different histological subtypes, in cytological versus histo-
logical samples and in primary versus metastatic lesions.
Methods In this study 1427 NSCLC samples were included.
DNA was extracted from either formalin-fixed paraffin em-
bedded (FFPE) tissues or cytology specimens and analyzed
for the presence of 29 recurrent EGFR gene mutations using
SARMS PCR.
Results EGFR gene mutations were found to occur signifi-
cantly more often in female than in male patients (19.4 % vs.
5.4 %; p<0.001), in adenocarcinomas than in squamous cell
carcinomas or other histological subtypes (12.5 % vs. 6.2 %,
and 7.6 %, respectively; p=0.009), and in never smokers than
in ex-smokers and current smokers (22.9 % vs. 8.5 % and
4.9 %, respectively; p<0.001). No significant differences
were observed in the occurrence of EGFR gene mutations in
primary tumors compared to metastases (7.9% vs. 11.2 %; p=

0.092), or in FFPE samples compared to cytological samples
(8.9 % vs. 8.1 %; p=0.813).
Conclusions Our data show that the overall frequency of
EGFR gene mutations in lung adenocarcinomas in the East
European cohort studied is within the range of that observed in
North American and West European populations, but that its
frequency in squamous cell carcinomas is higher than that in
any population reported to date. All specimens appeared to be
suitable for EGFR gene mutation analysis, irrespective nature
or origin.

Keywords Non-small cell lungcarcinoma .Epidermalgrowth
factor receptor . Mutations . ARMS-PCR

1 Introduction

Lung cancer is the leading cause of cancer mortality world-
wide and is responsible for ∼1.3 million deaths per year [1, 2].
The lung cancer survival rates vary widely, mainly depending
on histological subtype and stage. The overall prognosis is
better when diagnosed at earlier stages but, as yet, there are no
effective methods for the early detection of lung cancer. The
treatment in advanced stages is often unsuccessful [3, 4].
Despite the progress that has been made in treatment options
and the research efforts that have beenmade to reach this goal,
the prognosis for lung cancer still remains poor. Thus, there is
a continuing need for the development of more effective
diagnostic and therapeutic strategies [5–7]. Non-small cell
lung carcinomas (NSCLCs) comprise approximately 85 %
of all lung cancer cases [4]. According to the WHO classifi-
cation the most frequent NSCLCs are adenocarcinoma
(ADC), squamous cell carcinoma (SCC) and large cell carci-
noma (LCC) [8]. In Bulgaria, lung cancer is the number one
killer and annually ∼4000 new cases are registered,
representing 13 % of the total cancer incidence. Only 75 %
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of the cases are morphologically confirmed, mainly SCC and
ADC and, unfortunately, 76 % of the patients are already in
stage III or IV at the time of diagnosis [9].

According to previous reports, activating mutations in exons
18–21 of the epidermal growth factor receptor gene (EGFR),
encoding its tyrosine kinase domain, correlate with positive
responses to treatment with tyrosine kinase inhibitors (TKIs)
such as gefitinib and erlotinib, the first EGFR targeted therapy
approved by the FDA for the treatment of NSCLCs [10–14].
To date, EGFR gene mutation profiles have been reported for
several Asian and Caucasian populations [11, 15], predomi-
nantly from East Asia and North America, showing large
differences between these populations. As yet, however, no
such profiles have been reported for East European popula-
tions. Previous studies have shown that EGFR gene mutations
that are predictive for responses to TKI inhibitors occur more
frequently in female patients, in never smokers and in patients
with ADCs [16–18]. Usually the tissues studied were derived
from primary locations, implying that associations between
EGFR gene mutations and different metastatic sites have so
far not been studied very well. Recently, Smits et al. [19]
failed to observe any significant difference in the frequency
of EGFR gene mutations in primary lung ADCs (n=360)
versus different metastatic lesions (n=261). They did, how-
ever, find that patients with malignant effusions and those
with brain metastases exhibited an increased frequency
(trend) in EGFR gene mutations. Another under-explored
issue is sample suitability, i.e., the question whether cytology
samples are equally well-suited as formalin-fixed paraffin
embedded (FFPE) tissue samples for EGFR mutation
analysis.

The aim of the present study was to determine the preva-
lence of the most recurrent EGFR gene mutations (29 selected
mutations) in NSCLCs in an East European (Bulgarian) pop-
ulation in different histological subtypes, in cytological versus
histological samples and in primary versus metastatic lesions.

2 Materials and methods

2.1 Patients and samples

We had included 1427 consecutive patients in our study for a
period of 3 years starting from February 2010 to May 2013.
The study was cross-sectional and the analyses were per-
formed at the time of diagnosis of the patients (stage III or
IV) or when metastases or relapses were detected when mon-
itoring the patients in stage I or II. All studied materials were
taken as part of routine diagnostic procedures before starting
treatment of the patient. Samples from patients from all over
the country were included. The participating hospitals were:
University hospital for lung diseases “St. Sofia” - Sofia,
Military medical academy - Sofia, National oncology hospital

- Sofia, University hospital “Tsaritsa Yoanna - ISUL” - Sofia,
“Serdika” hospital - Sofia, “Pirogov” hospital - Sofia, Tokuda
university hospital - Sofia, Lozenets university hospital -
Sofia; Complex Oncology Center - Vratsa, Complex Oncolo-
gy Center - Pleven, University hospital “Georgi Stranski” -
Pleven, “Avis medica” hospital - Pleven, Complex Oncology
Center - Plovdiv, University hospital “St. George” - Plovdiv,
University hospital “Prof. St. Kirkovich” - Stara Zagora,
Complex Oncology Center - Stara Zagora, University hospital
“St. Marina” - Varna, Complex Oncology Center - Burgas,
Multiprofile Hospital for Active Treatment - Haskovo,
Multiprofile Hospital for Active Treatment - Blagoevgrad,
Multiprofile Hospital for Active Treatment - Ruse. The study
has been approved by the appropriate institutional ethical
committee and informed consent was obtained from all
patients.

The criteria for inclusion were: NSCLC histology, stage III
or IV, and operated at stage I or II but later found to be
metastatic. According to the EGFR gene mutation status,
decisions were made about the future therapy of the patients.
The criteria for exclusion were: non-NSCLC histology and
operated at stage I or II at the time of diagnosis. An exception
was made in 5 cases (2 carcinoid tumors and 3 small-cell lung
carcinomas combined with large cell carcinoma) based on the
insistence of the referring oncologist.

The histological diagnoses were made according to the
WHO criteria for lung tumors, i.e., IVth edition of the WHO
classification of lung tumors [5]. The diagnosis squamous cell
carcinoma (SCC) was made when the tumor showed kerati-
nization and/or intercellular bridges, and was positive for p63.
The diagnosis adenocarcinoma (ADC) was made when the
tumor showed glandular differentiation or mucin production,
was showing acinar, papillary, lepidic or solid with mucin
growth patterns or a mixture of these patterns, and was posi-
tive for TTF-1 and cytokeratin 7. Immunohistochemistry was
performed in difficult cases (i.e., poorly differentiated
NSCLCs) using TTF-1, p63, cytokeratin AE1/AE3,
cytokeratin 7, synaptophisin, chromogranin A and Ki-67.
The specimens were evaluated by two independent patholo-
gists, the first from the hospital of origin of the tissue and the
second from the University hospital for lung diseases “St.
Sofia”. In some cases a third pathologist evaluated the
specimens.

The total cohort consisted of 576 ADC cases, 676 SCC
cases and 118 other tumors (i.e., 37 adenosquamous carcino-
mas, 18 large cell carcinomas (LCC), 18 non-small cell carci-
nomas not otherwise specified (NSCLC-NOS), 14 pleomor-
phic carcinomas, 10 combined carcinomas (ADC+SCC), 9
mucoepidermoid carcinomas, 8 adenoid cystic carcinomas, 3
small cell carcinomas combined with LCC and 2 carcinoid
tumors). The samples for DNA extraction were obtained from
either formalin-fixed paraffin embedded (FFPE) tissues or
cytology slides, Hematoxilin and Eosin (H&E) stained. The
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FFPE samples were taken from lung resections, lymph node
extirpations, bronchoscopic biopsies, transthoracic biopsies or
biopsies from metastatic locations, i.e., bone, brain, etc. The
cytology samples were taken from pleural fluids, aspiration
biopsies, brush biopsies or bronchoalveolar lavages. The tu-
mor cell populations varied from 1 to 90 %, depending on the
sample. The patients’ clinicopathological details are listed in
Table 1. In some of the cases no information was available for
(i) histology subtype, i.e., 56 cases with unspecified NSCLC
histology (further sub-classification was not possible due to
lack of material), (ii) TNM stage, in 179 cases, (iii) smoking
history, in 139 cases and (iv) location, in 75 cases. All these
cases were excluded from further analyses. Information on
number of pack-years was available for 779 of 1096 former/
current smokers.

2.2 DNA extraction

DNA extraction and mutation analyses were performed in the
National Genetic Laboratory, Sofia. In case of FFPE samples,
4 or 6 10 μm sections were taken according to the percentage
of tumor cells present in the samples, i.e., above 50 % or
below 50 %, respectively. Macro-dissections were performed
on surgical samples only. For the cytological samples only

H&E stained slides were available. In the cytological samples
the percentages of tumor cells varied from 1 to 25 %. For the
DNA extractions we used the slides with the highest percent-
ages of tumor cells. In all cases, DNAwas extracted using the
QIAamp DNA FFPE Tissue Kit® (Qiagen), which is specif-
ically designed for the isolation and purification of high qual-
ity DNA from FFPE tissues (methodology according to the
manufacturer’s instructions). For the cytological samples the
deparaffinization step was omitted.

2.3 EGFR gene mutation analysis

For the EGFR gene mutation analyses we used the Scorpions
Amplification Refractory Mutation System (SARMS) technol-
ogy (Qiagen). The ARMS PCR technology combined with the
Scorpions detection technology provides a better sensitivity
and specificity for the detection of specific mutations than
pyrosequencing and dideoxy sequencing technologies, respec-
tively [20]. The specifically designed EGFR RGQ PCR Kit
allows the detection of 29 known recurrent mutations (includ-
ing the inhibitory mutation T790M) in exons 18–21 of the
EGFR gene, 19 deletions in exon 19 (does not distinguish
between them), T790M in exon 20, L858R in exon 21,
L861Q in exon 21, G719X in exon 18 (G719S, G719A or

Table 1 Patient characteristics
and EGFR gene mutation
frequencies

ADC adenocarcinoma, SCC
squamous cell carcinoma
a The inhibitor mutation T790M
is excluded from this analysis and
is considered “EGFR wild type”
b Fisher’s exact test
c Excluded from further analysis
because lack of data: 56 cases
histology; 179 unknown stage;
139 unknown smoking status;
pack-years – 648 unknown;
biopsy location for 75 cases

Clinico-morphological
characteristic

All N(%) EGFR “activating”
mutationa N(%)

EGFR wild type N(%) p-value

Gender .000b

Male 1072 (75 %) 58 (5.4 %) 1014 (94.6 %)

Female 355 (25 %) 69 (19.4 %) 286 (80.6 %)

Age, mean±SD 61±9.5 63±9 61±10 .008

Histologyc .009

ADC 576 (42 %) 72 (12.5 %) 504 (87.5 %)

SCC 676 (49.3 %) 42 (6.2 %) 634 (93.8 %)

Other 118 (8.7 %) 9 (7.6 %) 109 (92.4 %)

Stagec .163

I, II 117 (9.4 %) 6 (5.1 %) 111 (94.9 %)

III 453 (36.3 %) 35 (7.7 %) 418 (92.3 %)

IV 678 (54.3 %) 67 (9.9 %) 611 (90.1 %)

Smoking historyc .000

Non-smoker 192 (14.9 %) 44 (22.9 %) 148 (77.1 %)

Former 434 (33.7 %) 37 (8.5 %) 397 (91.5 %)

Current 662 (51.4 %) 28 (4.2 %) 634 (95.8 %)

Mean no. of pack-yearsc 36±17.8 (n=779) 28.4±18 (n=51) 36.5±17.7 (n=728) .002

Type of sample .813b

Cytological samples 62 (4.3 %) 5 (8.1 %) 57 (91.9 %)

Histological samples 1365 (95.7 %) 122 (8.9 %) 1243 (91.1 %)

Locationc .092b

Primary location 1083 (80 %) 86 (7.9 %) 997 (92.1 %)

Metastatic location 269 (20 %) 30 (11.2 %) 239 (88.8 %)
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G719C, but does not distinguish between them), S768I in exon
20 and 3 insertions in exon 20 (does not distinguish between
them). See Table 2 for detailed information. The various reac-
tions were performed according to the manufacturer’s instruc-
tions and the analyses were carried out for all the samples as
described in the kit procedure. A Rotor-Gene Q MDx machine
was used for performing the PCR reactions. Patients were
considered to be positive if 1 of the 28 activating EGFR
mutations was detected. A separate analysis was performed
for patients with the TKI inhibitory mutation T790M.

2.4 Statistical analysis

The data were analyzed using SPSS software, version 13.0 for
Windows. Associations between EGFR gene mutation status
and patient and tumor characteristics were analyzed using a χ2

test. Binary logistic regression analysis (univariate) was used to
compare the EGFR gene mutation frequencies of metastases and

primary tumors. Odds ratios (OR) and 95% confidence intervals
(CI) were calculated. A multivariate logistic regression analysis
was performed to test the influence of all main variables (gender,
age, smoking history, TNM stage, sample type, location) on the
EGFR gene mutation status (tumors positive for activating mu-
tations, excluding the inhibitory T790M mutation) of the ADC
and SCC samples (separately). In all tests, two-sided p-values
less than 0.05 were considered statistically significant.

3 Results

3.1 EGFR gene mutations occur frequently in NSCLC

The EGFR gene mutation status was determined in 1427
samples, all derived from individual non-small cell lung
cancer (NSCLC) patients. From these samples, 127 (8.9 %)
were found to be positive for activating mutations in the

Table 2 EGFR gene mutations
included in the RGQ PCR kit,
genotype data, limits of detection
(the percentage mutation
detectable) for each of the seven
EGFR mutation assays (adapted
from therascreen EGFR RGQ
PCR Kit instructions)

Mutation Exon Percentage mutation
detectable (%)

Base change

T790M 20 7.02 2369C>T

L858R 21 1.26 2573 T>G

L861Q 21 0.5 2582 T>A

S768I 20 1.37 2303G>T

G719A 18 5.43 2156G>C

G719S 18 2155G>A

G719C 18 2155G>T

Insertions 20 2.03 2307_2308ins9

2319_2320insCAC

2310_2311insGGT

Deletions 19 1.64 2235_2249del15

2235_2252>AAT (complex)

2236_2253del18

2237_2251del15

2237_2254del18

2237_2255>T (complex)

2236_2250del15

2238_2255del18

2238_2248>GC (complex)

2238_2252>GCA (complex)

2239_2247del9

2239_2253del15

2239_2256del18

2239_2248TTAAGAGAAG>C (complex)

2239_2258>CA (complex)

2240_2251del12

2240_2257del18

2240_2254del15

2239_2251>C (complex)
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EGFR gene: 66/127 (52 %) exhibited deletions in exon 19,
54/127 (42.5 %) exhibited a L858R point mutation in exon
21, 3/127 (2.4 %) exhibited a L861Q point mutation in exon
21, 3/127 (2.4 %) exhibited a S768I point mutation in exon
20, and 1/127 (0.8 %) exhibited a G719X point mutation in
exon 18. Also, in 26/1427 (1.8 %) samples a T790M point
mutation in exon 20 (associated with tyrosine kinase inhi-
bition resistance) was detected, in none of the cases in
combination with other (activating) EGFR gene mutations.
The overall EGFR gene mutation frequency (including
T790M) was 10.7 % (153/1427). In Fig. 1a the frequencies
of the different EGFR gene mutations in the positive group,
including the inhibitory T790M mutation, are summarized.

3.2 EGFR gene mutations occur predominantly
in adenocarcinomas

In 1371 of the 1427 (96 %) cases included in this study the
exact histological classification was established. 72 of the

cases positive for activating EGFR gene mutations were diag-
nosed as ADC (12.5 %) and 42 were diagnosed as SCC
(6.2 %). Additional activating EGFR gene mutations (n=9)
were found in 2/18 (11 %) large cell carcinomas (LCC), in 3/
37 (8 %) adenosquamous (ADS) carcinomas, and in 4/18
(22 %) NSCLC-NOS. The EGFR gene mutations identified
were twice as frequent in ADC than in SCC and 1.6 times as
frequent in ADC than in the other histological subtypes (p=
0.009) (Table 1). The most frequently detected activating
EGFR gene mutations in ADC were deletions in exon 19
(43/72 cases; 59.7 %), followed by the L858R point mutation
in exon 21 (27/72 cases; 37.5 %) and the L861Q point muta-
tion in exon 21 (2/72 cases; 2.7 %). The T790Mmutation was
found in 13/576 (2.3 %) of the ADC cases (Table 4; Fig. 1b).
In the ADC cases, statistically significant variables affecting
the mutation status in a multivariate logistic regression analy-
sis were found to be gender (2.64 times higher in females than
males; OR 2.64; CI 95 % 1.33–5.23; p=0.005) and smoking
status (3.1 times higher in non-smokers than in smokers; OR
3.10; CI 95 % 1.59–6.05; p=0.001). In the SCCs the L858R
point mutation in exon 21 was found to be most frequent (21/
42 cases; 50 %), followed by deletions in exon 19 (17/42
cases; 40.5 %), the L861Q point mutation in exon 21 (1/42
cases; 2.4 %), the S768I point mutation in exon 20 (2/42
cases; 4.7 %) and the G719X point mutation in exon 18
(1/42 cases; 2.4 %). The T790M mutation was found in 13/
676 (1.9 %) SCC cases (Table 4; Fig. 1c). With respect to the
T790M mutation, no significant differences were found be-
tween ADC (13/563; 2.3 %) and SCC (13/673; 1.9 %) cases
(p=0.265). In the SCC cases the variables affecting the muta-
tion status in a multivariate logistic regression analysis were
gender (3.9 times higher in females than males; OR 3.91; CI
95 % 1.55–9.90; p=0.004) and the site of biopsy (2.6 times
higher in metastases than in primary carcinomas (OR 2.63, CI
95 % 1.12–6.19; p=0.027).

3.3 EGFR gene mutations occur frequently in females
and older patients

We found that the EGFR gene mutations occurred 3.6 times
more frequent in female (69/355; 19.4 %) than in male (58/
1072; 5.4 %) patients (p<0.001) (Table 1), irrespective the
histological subtype (Table 3). In female patients mutations in
exon 19 (42/355; 11.8 %) were more frequent than mutations
in exon 21 (27/355; 7.6 %) (p=0.048). In male patients the
two most frequent mutations were equally represented, i.e.,
exon 19 mutations (24/1072; 2.2 %) and exon 21 mutations
(30/1072; 2.8 %) (p=0.401) (Table 4). In case of the T790M
mutation no gender differences were found, i.e., present in
7/355 females (2 %) and in 19/1072 males (1.8 %) (p=0.479).
The median age of the patients was 62 years. Based on this
notion, we divided the patients into two groups: younger than
or 62 years (n=774) and older than 62 years (n=653). By

3; 2%

3; 2%

1; 1%

26; 17%

66; 43%

54; 35%

Del ex 19

L858R ex 21

L861Q ex 21

S768I ex 20

G719X ex 18

T790M ex 20

2, 2%

43, 51%

13, 15%

27, 32%

Del ex 19
L858R ex 21
L861Q ex 21
T790M ex 20

1; 2%

2; 4%

1; 2%

13; 24%

21; 37%

17; 31%
Del ex 19

L858R ex 21

L861Q ex 21

S768I ex 20

G719X ex 18

T790M ex 20

a

b

c

Fig. 1 a Frequency of different EGFRmutations in the positive group. b
Frequency of different EGFR mutations in the positive adenocarcinoma
group. c Frequency of different EGFR mutations in the positive
squamous cell carcinoma group
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doing so, we found that the EGFR gene was significantly
more frequently mutated in the older than 62 years group
(70/653; 10.7 %) than in the younger than 62 years group
(57/774; 7.4 %) (p=0.032; Fisher’s exact test).

3.4 No association between EGFR gene mutation status
and TNM stage

In 1248 cases (88 %) information regarding TNM stage was
available. We found that there was no statistically significant
difference between the presence of activating EGFR gene
mutations or a wild type EGFR gene status and different
TNM stages (p=0.163, χ2 test). We did find, however, that
EGFR gene mutations occurred more frequently (trend) in
more advanced stages, i.e., in TNM stages I/II in 6/117 cases
(5.1%), in TNM stage III in 35/453 cases (7.7%) and in TNM
stage IV in 67/678 cases (9.9 %) (Table 1).

3.5 EGFR gene mutations occur frequently in never smokers

For 1288 patients (90 %) the smoking history was available.
We found that the EGFR gene mutation frequency was sig-
nificantly higher in never smokers (44/192; 22.9 %) than in
ex-smokers (37/434; 8.5 %) and current smokers (28/662;
4.2%) (p<0.001).Within the group of ex-smokers and current

smokers, the average number of pack-years (when available)
was significantly lower in the EGFR gene mutation-positive
(28.4±18) than the EGFR gene mutation-negative (36.5±
17.7) patients (p=0.002) (Table 1). In the non-smokers the
mutations in exon 19 (25/192; 13 %) were more frequent than
the mutations in exon 21 (18/192; 9.4 %) (p=0.085), whereas
in the ex-/current smokers the exon 19 mutations (31/1096;
2.8 %) were almost equal to the exon 21 mutations (33/1096;
3 %) (p=0.320) (Table 4). For the T790M mutation no differ-
ences were found, i.e., present in 3/192 non-smokers (1.6 %)
and in 21/1096 ex-/current smokers (1.9 %) (p=0.509).

3.6 No associations between EGFR gene mutation
frequencies and sample types

No significant differences were observed between the fre-
quencies of EGFR gene mutations in formalin-fixed paraffin
embedded (FFPE) histological samples (122/1365, 8.9 %) and
cytological samples (5/62, 8.1 %) (p=0.813) (Table 1).

3.7 EGFR gene mutation frequencies are similar in primary
tumors and metastases

In 1352 cases (95 %) information on the site of biopsy was
available. In 75 cases the origin of the biopsy (primary or

Table 3 EGFR TKI “activating” mutation status according to gender and histology

Female, n=344 Male, n=1027

Mutation, n=68 Wild typea, n=276 Mutation, n=56 Wild typea, n=971

Adenocarcinomab 48 (21.7 %) 173 (78.3 %) 24 (6.8 %) 331 (93.2 %)

Squamous cell carcinomab 15 (16 %) 79 (84 %) 27 (4.6 %) 555 (95.4 %)

Otherb 5 (17.2 %) 24 (82.8 %) 5 (5.6 %) 85 (94.4 %)

a The T790M mutations were considered “wild type”
b Excluded from analysis were 56 cases with unspecified NSCLC histology

Table 4 EGFR TKI “activating” mutation frequency according to histology, gender, and smoking status

Exon 19 mut Exon 19 wild p-value Exon 21a mut Exon 21a wild p-value T790M mut T790M wild
N (%) N (%) N (%) N (%) N (%) N (%)

Histology .000 .194 .265

ADC 43 (7.5 %) 533 (92.5 %) 29 (5 %) 547 (95 %) 13 (2.3) 563 (97.7)

SCC 17 (2.5 %) 659 (97.5 %) 22 (3.3 %) 654 (96.7 %) 13 (1.9) 673 (98.1)

Gender .000 .000 .479

Female 42 (11.8 %) 313 (88.2 %) 27 (7.6 %) 328 (92.4 %) 7 (2.0) 348 (98.0)

Male 24 (2.2 %) 1048 (97.8 %) 30 (2.8 %) 1042 (97.2 %) 19 (1.8) 1053 (98.2)

Smoking status .000 .000 .509

Non-smoking 25 (13 %) 167 (87 %) 18 (9.4 %) 174 (90.6 %) 3 (1.6) 189 (98.4)

Former/current 31 (2.8 %) 1065 (97.2 %) 33 (3 %) 1063 (97 %) 21 (1.9) 1075 (98.1)

mut mutation, ADC adenocarcinoma, SCC squamous cell carcinoma
a Exon 21 mutations include L858R and L861Q
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metastatic) was not specified by the referring oncologist and
these cases were excluded from further analysis. The EGFR
gene mutation status was determined in 1083 primary tumors
and 269 independent metastases. No paired primary tumor-
metastasis samples were available. We divided the metastatic
lesions in different categories (more than 10 cases in each
category) and, by doing so, found the following rates ofEGFR
genemutations: lymph nodemetastases in 8/104 (7.7%) cases
(OR 0.967; CI95% 0.455–2.05; p=0.931), brain metastases in
2/42 (4.8 %) cases (OR 0.58; CI95% 0.14–2.44; p=0.458),
pleural metastases in 13/80 (16.3 %) cases (OR 2.25; CI95%
1.19–4.24; p=0.012), pleural and pericardial effusions in 1/10
(10 %) cases (OR 1.29, CI95% 0.16–10.29, p=0.811), bone
metastasis in 3/17 (17.6 %) cases (OR 2.49; CI95% 0.70–
8.82; p=0.159) and others in 3/15 (20 %) cases (OR 2.90;
CI95% 0.80–10.48; p=0.104). The metastatic lesions showed
an increase in EGFR gene mutation frequency (30/269;
11.2 %) compared to the primary tumors (86/1083; 7.9 %),
but without reaching statistical significance (p=0.092). Binary
logistic regression analysis confirmed the lack of a significant
difference between the primary lung tumor and metastasis
groups (OR 0.684; CI95% 0.441–1.061; p=0.090). Only
pleura-derived metastases showed a statistically significant
increase in EGFR gene mutations compared to primary tu-
mors (OR 2.25; CI95% 1.19–4.24; p=0.012). In the ADCs the
metastatic lesions (19/155, 12.3 %) showed no differences in
EGFR gene mutation frequencies when compared to the pri-
mary tumors (45/383, 11.7 %) (p=0.353), but in the SCCs the
metastatic lesions showed an increase in EGFR gene mutation
frequency (9/79; 11.4 %) when compared to the primary
tumors (32/586; 5.5 %) (p=0.022). Logistic regression analy-
sis of the SCCs showed a statistically significant difference
only for bone metastases, i.e., 8.65 times more frequent than
primary tumors (OR 8.656; CI95% 1.528–49.04; p=0.015).
In the ADCs none of the metastatic lesions showed a statisti-
cally significant EGFR gene mutation rate compared to the
primary tumors.

4 Discussion

As of yet, the frequency ofEGFR genemutations in non-small
cell lung carcinomas (NSCLC) has mainly been studied in
East Asian, North American and in West European popula-
tions, showing large differences between these populations.
To the best of our knowledge, this is the first study assessing
the prevalence of EGFR gene mutations in NSCLCs in a large
East European cohort. In conformity with previous studies in
East Asian, North American and West European populations
[16, 17, 21, 22], we found that the EGFR gene mutation rates
were higher in female patients compared to male patients
(19.4 % vs. 5.4 %; p<0.001). Again, in concordance with

previous studies [16, 17, 21–23], we found that gender
(p<0.001), smoking status (p<0.001) and histological sub-
type (p=0.009) are main factors affecting the EGFR gene
mutation status. In the East Asian population the frequency
of EGFR gene mutations varies from 36.4 to 66.3 % in ADCs,
the most frequently occurring lung cancer type in this popu-
lation [16, 21] and, therefore, the most studied subtype. In
Bulgarian patients the most frequently occurring lung cancer
type is SCC, i.e., 54 % of the morphologically confirmed
cases [9]. In the North American and West European popula-
tions the EGFR gene mutation frequencies are lower, ranging
from 6.0 to 14.0 % [24, 25]. In the Dutch population EGFR
gene mutations were detected in 9.1 % of the samples tested,
in 10.6 % of the ADC samples tested and in none of the SCC
samples tested, and more frequently in female than in male
patients (13.4 % vs. 5.5 %) [19]. In the Spanish population
EGFR gene mutations were detected in 12 % of the samples
tested, but only in ADC samples and not in SCC samples [26].
In our study, activating mutations were found in 8.9 % of the
samples tested, which is in concordance with previous reports
on the Caucasian population. According to a recent meta-
analysis (59 studies) EGFR gene mutations occur more fre-
quently in ADCs than in SCCs in bothWest European (19.2%
vs. 3.3 %) and East Asian populations (47.9 % vs. 4.6 %) [23].
Our study confirms that EGFR gene mutations occur more
frequently in ADCs than in SCCs (12.5 % vs. 6.2 %,
p<0.001).

So far, most reported studies have primarily focussed on
ADCs, and only a few studies have evaluated the frequency of
EGFR gene mutations in non-adenocarcinoma NSCLCs, such
as SCCs. In these latter studies, EGFR gene mutations were
observed in 0 % to 3 % of the SCCs studied [17, 27–31].
Miyamae et al. [5] found that 3/87 SCCs tested (3.4%) carried
EGFR gene mutations. In Bulgaria, SCC is the predominant
histological NSCLC subtype [9]. We evaluated one of the
largest SSC cohorts reported to date, encompassing 676 pa-
tients. In a recent meta-analysis 334 SCCs from a Western
European population (3.3 % with an EGFR gene mutation)
and 474 SCCs from an East Asian population (4.6 % with
EGFR gene mutation) were included [23]. We found that
6.2 % of our SCC patients exhibited activating EGFR gene
mutations, which is almost twice that observed in other stud-
ies. This difference may be due to differences in environmen-
tal factors, smoking habits and/or cohort sizes. In our current
study, no differences in the prevalence of EGFR gene
mutation-positive lung cancers and TNM stages were ob-
served (p=0.163).

The frequency of EGFR gene mutations was found to be
four times higher in never smokers than in former and current
smokers (22.9 % vs. 5.9 %, p<0.001), which is in concor-
dance with previous reports on the East Asian, North Amer-
ican and West European populations [16, 17, 21–23, 32].
Within the group of former and current smokers, however,
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the average number of pack-years was significantly lower in
the EGFR gene mutation-positive patients compared to the
EGFR gene mutation-negative patients (p=0.002).

We have also compared the frequencies of EGFR gene
mutations in histological (FFPE) and cytological samples,
and found no difference (p=0.813). This observation supports
the notion that the SARMS method [20] is sufficiently sensi-
tive to detect mutations in even small samples such as cyto-
logical samples.

Our assessment of metastatic lesions showed an increase in
EGFR gene mutation frequencies compared to the primary
tumors, without reaching statistical significance (p=0.092).
These results are in agreement with those of Smits et al. [19]
who found no differences in EGFR gene mutation frequencies
between primary lung ADCs and different metastatic lesions,
although patients with malignant effusions and brain metasta-
ses exhibited (a trend in) increased EGFR gene mutation
frequencies [19]. Again, in agreement with the results of Smits
et al. [19] we observed a higher EGFR gene mutation frequen-
cy in metastases derived from the pleura (p=0.012). In the
ADCs the metastatic lesions showed no differences in EGFR
gene mutation frequencies compared to the primary tumors
(p=0.353). Unlike Smith et al. [19], we also studied a group of
SCCs. In these cases a multivariate logistic regression analysis
revealed that the metastases exhibited a 2.6 times higher
mutation rate compared to the primary tumors (p=0.027). In
particular, bone metastases exhibited a 8.65 times more fre-
quent EGFR gene mutation rate than primary SCCs (p=
0.015). Additionally, we conclude from our results that tissue
samples derived from both sites, i.e., primary ormetastatic, are
suitable for mutation analysis. Additional studies should be
aimed at comparing paired primary-metastasis cases.

We found that in Bulgarian NSCLC patients the most
frequent EGFR gene mutations were deletions in exon 19
and the L858R mutation in exon 21, which is in concordance
with previous studies [25, 33]. Besides three cases with a
L861Q point mutation in exon 21, known to be TKI-
sensitive [25], we detected two other rare point mutations:
S768I in exon 20 (thrice) and G719X in exon 18 (once). In 26/
1427 (1.8%) cases a T790M point mutation (exon 20), known
to cause resistance to TKI treatment [34] was detected, but
never in combination with an activating EGFR gene mutation.
The T790M point mutation is the most common known cause
of acquired TKI resistance and is found in approximately
50 % of TKI-resistant patients [35]. When this mutation
occurs after TKI treatment, combinations with other EGFR
gene mutations are commonly seen [34]. In our study, all
T790M mutations were found in untreated patients. Our data
are also in agreement with other reports on the occurrence of
this mutation in untreated patients, which range from 1 % to
80 % (based on different methods used). The baseline muta-
tion levels are in concordance with the known sensitivities of
the methods used [23, 33, 36].

Taken together, we conclude that the overall frequency of
EGFR gene mutations in lung ADCs in the East European
(Bulgarian) population is within the range of that observed in
North American and West European populations, but that the
EGFR gene mutation frequency in SCCs is higher than that in
any population described to date. All patient samples were
found to be suitable for EGFR gene mutation detection, re-
gardless origin (primary or metastatic).
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