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Abstract
Epidermal growth factor (EGF) and its receptor (EGFR) play an important role in lung carcinogenesis. A functional single 
nucleotide polymorphism (SNP) in EGF promoter region (EGF+61 A>G—rs4444903) has been associated with cancer 
susceptibility. Yet, in lung cancer, the EGF+61 A>G role is unclear. The aim of this study was to evaluate the risk of lung 
cancer associated with EGF+61 A>G SNP in the Brazilian population. For that, 669 lung cancer patients and 1104 controls 
were analyzed. EGF+61 A>G genotype was assessed by PCR-RFLP and TaqMan genotyping assay. Both patients and con-
trols were in Hardy–Weinberg equilibrium. As expected, uni- and multivariate analyses showed that tobacco consumption 
and age were significant risk factors for lung cancer. The genotype frequencies in lung cancer patients were 27.3% of AA, 
47.4% of AG and 25.3% of GG, and for controls were 25.3% of AA, 51.6% of AG and 23.1% of GG. The allele frequencies 
were 51.1% of A and 48.9% of G for both cases and controls. No significant differences for the three genotypes (AA, AG 
and GG—codominant model) were observed between cases and controls. We then grouped AG and GG (recessive model) 
genotypes, as well as AA and AG (dominant model), and again, no significant differences were also found. This is the larg-
est study to explore EGF+61 A>G polymorphism association with lung cancer risk and suggests that this SNP is not a risk 
factor for lung cancer in the Brazilian population.

Keywords Lung cancer · SNP · Risk factor · EGF+61 A>G polymorphism

Introduction

Lung cancer is a malignancy with high incidence and 
mortality [1]. Globocan 2018 estimated more than 2 mil-
lion new cases/year worldwide and more than 1.7 million 

deaths [1]. In Brazil, the National Cancer Institute esti-
mated 31,000 new cases of lung and trachea cancer in 
2018, ranking lung cancer as the second most common 
cancer in men and the fourth in women [2]. The Brazilian 
Ministry of Health calculated that 15,514 men and 10,978 
women died due to lung cancer in 2015 [3]. Depending on 
the region of the country, the estimative can also change, 
since lung cancer is more frequent in South and Southwest 
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regions than Northwest and North, both for men and 
women [2].

Lung cancer can be histologically classified according 
to cell type in small-cell lung cancer and non-small-cell 
lung cancer, which can be categorized as adenocarcinoma, 
squamous cell carcinoma and large cell carcinoma [4]. The 
main risk factor associated is tobacco consumption, but the 
incidence of lung cancer in non-smokers has been increas-
ing in the last years, suggesting that other risk factors, both 
exogenous, such as air pollution, environmental exposure, 
and genetic, like hereditary and single nucleotide poly-
morphisms (SNP) can be associated with lung cancer [4].

In the context of molecular pathways involved in lung 
cancer, activation by the epidermal growth factor recep-
tor (EGFR) and epidermal growth factor (EGF) binding 
are extremely relevant, since EGF/EGFR ligation acti-
vate signaling pathways (RAS-RAF-MEK-ERK MAPK, 
PI3K-AKT-mTOR and PLC-1-PKC, JNK, and JAK-STAT 
pathways), which lead to uncontrolled proliferation, angio-
genesis, inhibition of apoptosis, invasion, metastasis, and 
immortalization [5–7]. EGFR plays an important role in 
lung carcinogenesis, and present significant rates of muta-
tions, amplification and overexpression [8–10]. SNPs 
located in the promoter region of EGFR have also been 
associated with increased risk of lung cancer or altered 
response to drug therapy [11].

In 2002, Shahbazi et al. screened the promoter region 
of EGF and identified an A to G nucleotide substitution 
at position 61, called EGF+61 A>G (rs4444903), that 
was further genotyped in 135 melanoma patients and 
99 healthy controls. A significant association between 
homozygosity for the EGF 61*G allele and the develop-
ment of malignant melanoma was found [12]. They also 
showed that cells from EGF 61*A homozygous individuals 
produced significantly less EGF than cells from GG or AG 
individuals [12]. In 2007, Costa et al. analyzed EGF+61 
A>G in 197 glioma patients and 570 cancer-free individu-
als and showed that the EGF 61*G allele conferred higher 
risk for gliomas and in vitro assays demonstrated a signifi-
cant higher transcriptional activity of EGF+61*G allele, 
when compared with EGF+61*A allele [13].

Following these studies, many other groups evaluated 
the association between this SNP and other tumor types, 
with distinct results, leading consequently to several meta-
analyzes with thousands of participants. Significant asso-
ciations were found in gastric cancer [14], hepatocellular 
carcinoma [15], and gliomas [16].

In the lung cancer context, Lim et al. [17] found the G 
allele as a risk factor in the Korean population, whereas 
Kang et al. [18], also evaluating Korean patients, did not 
find any association. In a Portuguese population, AG, 
GG and AG + GG were risk factors for lung cancer [19], 
whereas Masroor et  al. observed that Indian patients 

harboring AG, GG and AG + GG presented higher risk 
for lung cancer [20].

Therefore, the aim of this study was to assess the risk of 
lung cancer associated with the SNP EGF+61 A>G in a 
large Brazilian study population.

Methods

Study population

This is a Brazilian case-control study, which included 
patients with lung cancer, diagnosed between 2001 and 
2015 at Barretos Cancer Hospital, and a control group con-
sisting of cancer-free individuals recruited between 2012 
and 2014 also at Barretos Cancer Hospital. Demographic 
and clinical pathological data from cases and controls are 
summarized in Table 1.

The patient group consisted of 669 cases (403 males and 
266 females). The demographic and clinical-pathological 
data were obtained by medical records review, and included 
information about diagnosis, staging, treatment and follow 
up. The median age was 66.3 years (SD ± 11.29), with 512 
individuals reporting being of white skin color, 322 were 
current and 182 were former smokers. Moreover, 70.3% of 
the cases presented adenocarcinomas, 24.2% squamous cell 
carcinomas, and 5.5% other histology (Table 1).

The control group was composed of 1218 individu-
als (597 males, 500 females and for 121 gender was not 
reported). The median age was 56.6 years (SD ± 12.5), 813 
reporting being of white skin color, and 164 were current 
and 313 were former smokers (Table 1).

DNA isolation

For all 1218 controls, DNA was isolated from blood 
using the QIAsymphony automated system and QIAsym-
phony DNA Mini Kit (Qiagen), according to manufacture 
instructions.

In the patient group, from a subset of 232 individuals, the 
DNA was isolated from blood using the QIAsymphony auto-
mated system and QIAsymphony DNA Mini Kit (Qiagen). 
From 437 patients, since blood was not available, formalin-
fixed paraffin-embedded (FFPE) tumor tissue was the DNA 
source and was isolated using QIAamp DNA FFPE Tissue 
Kit (Qiagen), also according to manufacture instructions.

EGF+61 A>G genotyping

Genotyping was performed using two methodologies in 
accordance to the type of tissue used for DNA isolation. 
Quantitative real time PCR was the first choice since it is 
the fastest and easier methodology, however, since it showed 
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low efficiency in DNA isolated from FFPE tissues, RFLP 
was applied in those samples. Briefly, for DNAs isolated 
from FFPE tumor samples, genotyping was performed by 
polymerase chain reaction–restriction fragment length poly-
morphism (PCR-RFLP), as previously reported [13]. 50 ng 
of DNA was amplified by PCR using with forward- CAG 
GTA ATG GAG CGA AGC TTT CAT  and reverse- GAG TTA 
AAT GCC TAC ACT GTA TCT  primers, producing a 242-bp 
fragment. The product was then digested with AluI (10U/uL) 
restriction enzyme (Invitrogen) at 37 °C for 16 h, followed 
by inactivation at 65 °C for 20 min. Digested PCR products 
were then visualized in agarose gel to distinguish+61 alleles: 
G alleles produce two fragments of 91 and 102 bp, while A 
allele produces only one fragment of 193 bp [13].

DNAs isolated from blood samples were genotyped by 
quantitative Real Time PCR, using a commercially avail-
able TaqMan Genotyping Assay (ThermoFisher, USA) 
[C_27031637_10 (EGF+61 A>G)] in the QuantStudio™ 
6 Flex Real-Time PCR System (ThermoFisher, USA) and 
under standard cycling.

Statistical analysis

Hardy–Weinberg equilibrium was calculated in each group. 
To verify whether there were differences in genotype fre-
quencies depending on the type of sample evaluated (blood 
or FFPE), agreement Kappa test was used, as well a χ2 test.

χ2 test was also used to compare cases and controls 
according to the frequencies distribution of gender, age, skin 
color, smoking status, alcohol consumption, genotypes and 
alleles. EGF+61 A>G genotype was analyzed using three 
different combinations: codominant model—AA versus AG 
versus GG, recessive model—AA vs AG + GG, and domi-
nant model—AA + AG versus GG. Multivariate analysis 
was used to access the association between demographic 
information and risk of lung cancer. Also, EGF+61 A>G 
genotype and risk of lung cancer was estimated by comput-
ing Odds Ratio (ORs) with 95% confidence interval (CI), 
without adjustment and adjusted by age, smoking status and 
alcohol consumption.

Considering only the lung cancer group, χ2 test was 
performed to correlate genotype and clinical pathological 
features.

All statistical analysis were performed using IBM® 
SPSS Statistics, version 20, considering a significant 
p-value < 0.05.

Results

Due to pre-analytic blood collecting issues, which led to 
poor DNA quality, 114 controls were excluded, totaliz-
ing 1104 controls and 669 cases genotyped. Both groups 

Table 1  Description and univariate comparison of lung cancer 
patients and controls according to demographic and clinical-patho-
logical features

Bold value indicates p ≤ 0.005
SD* standard deviation

Characteristics Cases Controls p

No 669 1104
Gender
 Male 403 (60.2%) 597 (54.4%) 0.017
 Female 266 (39.8%) 500 (45.6%)
 NA-data unavailable – 7

Age
 Median (SD*) 66.3 (± 11.29) 56.6 (± 12.5) < 0.001
 ≤65 years 323 (48.3%) 851 (77.7%)
 >65 years 346 (51.7%) 244 (22.3%)
 NA-data unavailable – 9

Self-reported skin color
 White 512 (79.3%) 813 (75%) 0.043
 Other 134 (20.7%) 271 (25%)
 NA-data unavailable 23 20

Smoking status
 Never 154 (23.4%) 616 (56.4%) < 0.001
 Current 322 (48.9%) 164 (15%)
 Former 182 (27.7%) 313 (28.6%)
 NA-data unavailable 11 11

Alcohol consumption
 Never 386 (60.6%) 513 (48%) < 0.001
 Current 197 (30.9%) 420 (39.3%)
 Former 54 (8.5%) 135 (12.7%)
 NA-data unavailable 32 36

Histology
 Adenocarcinoma 462 (70.3%) –
 Squamous cell carcinoma 159 (24.2%)
 Others 36 (5.5%)
 NA-data unavailable 12

ECOG PS
 0–1 449 (68.7%) –
 2–3 178 (27.2%)
 4 27 (4.1%)
 NA-data unavailable 15

TNM stage
 0/I/II 94 (14.4%) –
 III/IV 559 (85.6%)
 NA-data unavailable 16

Metastasis at diagnosis
 No metastasis 118 (22.5%) –
 Metastasis in one organ 162 (30.8%)
 Metastasis in multiple 

organs
245 (46.7%)

 NA-data unavailable 144
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were in Hardy–Weinberg equilibrium (cases—p = 0.17; 
controls—p = 0.27).

Since we performed the EGF+61 A>G genotyping in 
DNA derived from both blood and FFPE tissue in the cases 
group, we initially tested the concordance between both 
sources in a subset of 40 cases from which both blood and 
FFPE samples were available, and the Kappa test revealed 
a high agreement (Kappa value = 0.912). Moreover, in the 
patient group, the genotypic and allelic frequencies of DNA 
derived from blood and FFPE were compared, and no differ-
ences were observed (Supplemental Table S1). Therefore, in 
the further statistical analysis, we considered both blood and 
FFPE samples from patients as a single group.

The univariate analysis of the demographic and clini-
cal pathological information from patients and controls 
showed a statistically significant difference between groups 
according to gender (p = 0.017), age (p < 0.001), skin color 
(p = 0.043), smoking status (p < 0.001) and alcohol con-
sumption (p < 0.001) (Table 1). In non-adjusted multivari-
ate analysis, the following demographic characteristics were 
statistically associated with a higher risk of lung cancer: 
gender (male—OR 1.26, 95% CI 1.04–1.54, p = 0.017), 
age (> 65 years—OR 3.73, 95% CI 3.03–4.6, p < 0.001), 
skin color (other than white—OR 0.78, 95% CI 0.62–0.99, 
p = 0.043) and tobacco consumption (former smoker—OR 
2.32, 95% CI 1.80–2.99, p < 0.001; current smoker—OR 
7.85, 95% CI 6.06–10.16, p < 0.001). Alcohol consump-
tion revealed as a protective factor (former consumer—OR 
0.53, 95% CI 0.37–0.74, p < 0.001; current consumer—OR 
0.62, 95% CI 0.50–0.77, p < 0.001) (Table 2). In the analysis 

adjusted by gender, age, skin color, tobacco and alcohol con-
sumption, only age, smoking status and alcohol consumption 
remained statistically significant (> 65 years—OR 3.67, 95% 
CI 2.89–4.68, p < 0.001; former smoker—OR 3.26, 95% CI 
2.41–4.42, p < 0.001; current smoker—OR 11.51, 95% CI 
8.39–15.79, p < 0.001; former consumer—OR 0.32, 95% CI 
0.21–0.48, p < 0.001; current consumer—OR 0.35, 95% CI 
0.26–0.47, p < 0.001) (Table 2).

The EGF+61 A>G genotypic frequencies in cases were 
27.3% of AA, 47.4% of AG and 25.3% of GG, and for con-
trols, they were 25.3% of AA, 51.6% of AG and 23.1% of 
GG, and the allelic distribution in patients was 51.1% of A 
and 48.9% of G, and the same frequencies were observed in 
control group (Table 3). The univariate analysis revealed no 
differences between cases and controls according to geno-
type in any model tested (codominant model—p = 0.222; 
recessive model—p = 0.333, and dominant model—
p = 0.301) and also allelic frequencies (p > 0.999) (Table 3).

The multivariate analysis was further performed to 
access the risk of lung cancer associated with the SNP, 
both without adjustment and adjusting for age, smoking 
status and alcohol consumption. In none of the analysis, 
the polymorphism was associated with increased risk for 
lung cancer (Table 4). Namely, without any adjustment, 
codominant model presented for AG genotype an OR of 
0.84, 95% CI 0.67–1.06, p = 0.163 and GG genotype OR 
1.01, 95% CI 0.77–1.32, p = 0.94; recessive model pre-
sented for AG + GG an OR of 0.89, 95% CI 0.72–1.11, 
p = 0.333, and the dominant model presented for GG 
genotype an OR of 1.12, 95% CI 0.90–1.40, p = 0.301 

Table 2  Multivariate analysis of 
demographic features, without 
and with adjustment for gender, 
age, skin color, tobacco and 
alcohol consumption

Bold value indicates p ≤ 0.005

Cases Controls Without adjustment With adjustment
OR (95% CI) p OR (95% CI) p

Gender
 Female 266 (39.8%) 500 (45.6%) 1 1
 Male 403 (60.2%) 597 (54.4%) 1.26 (1.04–1.54) 0.017 1.06 (0.82–1.39) 0.615

Skin color
 White 512 (79.3%) 813 (75%) 1 1
 Other 134 (20.7%) 271 (25%) 0.78 (0.62–0.99) 0.043 0.86 (0.65–1.14) 0.305

Age
 ≤ 65 years 323 (48.3%) 851 (77.7%) 1 1
 > 65 years 346 (51.7%) 244 (22.3%) 3.73 (3.03–4.60) < 0.001 3.67 (2.89–4.68) < 0.001

Smoking status
 Never 154 (23.4%) 616 (56.4%) 1 1
 Current 322 (48.9%) 164 (15%) 7.85 (6.06–10.16) < 0.001 11.51 (8.39–15.79) < 0.001
 Former 182 (27.7%) 313 (28.6%) 2.32 (1.80–2.99) < 0.001 3.26 (2.41–4.42) < 0.001

Alcohol consumption
 Never 386 (60.6%) 513 (48%) 1 1
 Current 197 (30.9%) 420 (39.3%) 0.62 (0.50–0.77) < 0.001 0.35 (0.26–0.47) < 0.001
 Former 54 (8.5%) 135 (12.7%) 0.53 (0.37–0.74) < 0.001 0.32 (0.21–0.48) < 0.001
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(Table 4). For adjusted analysis, in codominant model, 
AG presented OR 0.80, 95% CI 0.61–1.05, p = 0.116, and 
GG presented OR 1.03, 95% CI 0.75–1.42, p = 0.834. In 
recessive model, AG + GG presented OR 0.87, 95% CI 
0.67–1.12 (p = 0.3), and in dominant model, GG pre-
sented OR 1.19, 95% CI 0.91–1.55 (p = 0.197) (Table 4).

Moreover, we evaluated whether EGF+61 A>G was 
associated with lung cancer clinical pathological features. 
The χ2 test revealed, in codominant and dominant mod-
els, an association between patients with GG genotypes 
and T3/T4 tumor status (codominant model—p = 0.05 and 
dominant model—p = 0.035) (Table 5). No other associa-
tion was found between genotype and patients’ clinical 
pathological characteristics (Table 5).

Discussion

The main risk factors associated with lung cancer are well 
known and include tobacco consumption, air pollution and 
environmental exposure, together with genetic variations in 
genes associated with carcinogeneis [4, 21]. In this study, 
we analyzed genotypic and allelic frequencies of EGF+61 
A>G polymorphism in a Brazilian population composed of 
669 lung cancer patients and 1104 controls. To our knowl-
edge, this is the largest study in lung cancer that included the 
highest number of participants, and our results suggest no 
association between this SNP and lung cancer risk.

The EGF+61 A>G polymorphism was previously evalu-
ated as risk factor for several cancers, such as melanoma 
[12], esophageal carcinoma [22], prostate [23] and colo-
rectal cancer [24]. Many of these studies revealed an asso-
ciation between the SNP and susceptibility to cancer, and 
indeed, this association is supported by studies that indicated 
increased levels of EGF in cells carrying EGF+61*G allele 
[12, 13]. More recently, meta-analysis revealed an associa-
tion between EGF+61*G allele and higher risk to hepatocel-
lular carcinoma [15], gastric cancer [14] and gliomas [16], 
but did not find an association with breast cancer, cervical 
cancer, and melanoma [25].

In lung cancer, the results are limited and conflicting 
[17–20]. So far, only four studies analyzed EGF+61 A>G 
SNP and lung cancer risk, being three in an Asiatic popula-
tion and one in Causasians (Portuguese). Lim et al. evalu-
ated a Korean population, composed by 122 patients and 
132 controls, and found an association between risk and 
the SNP (OR 2.32, 95% CI 1.60–3.36), while Kang et al. 
that also studied a Korean population (432 patients and 432 
controls), did not find the same association (AA – OR 0.81, 
95% CI 0.51–1.29; AG–OR 1.02, 95% CI 0.77–1.37; and 
AA + AG–OR 0.98, 95% CI 0.74–1.29) [17, 18]. In 2012, 
de Mello et al. evaluated 112 lung cancer patients and 126 
controls from Portugal and found that AG and GG genotypes 

Table 3  Genotypic and allelic frequencies of lung cancer patients and 
controls, and univariate analysis by χ2 test comparing the two groups

Characteristics Cases Controls p

Genotype (codominant model)
 AA 183 (27.3%) 279 (25.3%) 0.222
 AG 317 (47.4%) 570 (51.6%)
 GG 169 (25.3%) 255 (23.1%)

Genotype (recessive model)
 AA 183 (27.4%) 279 (25.3%) 0.333
 AG + GG 486 (72.6%) 825 (74.7%)

Genotype (dominant model)
 AA + AG 500 (74.7%) 849 (76.9%) 0.301
 GG 169 (25.3%) 255 (23.1%)

Allele frequency
 A 51.1% 51.1% > 0.999
 G 48.9% 48.9%

Table 4  Multivariate analysis 
by logistic regression for 
EGF+61 A>G genotypes, 
without and with adjustment for 
age, smoking status and alcohol 
consumption

Cases Controls Without adjustment With adjustment
OR (95% CI) p OR (95% CI) p

Codominant model
 AA 183 (27.3%) 279 (25.3%) 1 1
 AG 317 (47.4%) 570 (51.6%) 0.84 (0.67–1.06) 0.163 0.80 (0.61–1.05) 0.116
 GG 169 (25.3%) 255 (23.1%) 1.01 (0.77–1.32) 0.94 1.03 (0.75–1.42) 0.834

Recessive model
 AA 183 (27.4%) 279 (25.3%) 1 1
 AG + GG 486 (72.6%) 825 (74.7%) 0.89 (0.72–1.11) 0.333 0.87 (0.67–1.12) 0.300

Dominant model
 AA + AG 500 (74.7%) 849 (76.9%) 1 1
 GG 169 (25.3%) 255 (23.1%) 1.12 (0.90–1.40) 0.301 1.19 (0.91–1.55) 0.197
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were associated with increased lung cancer susceptibility 
and tumor aggressiveness (AG–OR 2.14, 95% CI 1.17–3.92; 
GG–OR 2.39, 95% CI 1.15–4.96; and AG + GG–OR 6.86, 
95% CI 2.47–19.08) [19]. Finally, Masroor et al. showed 
an association between AG and GG genotypes and reduced 
overall survival and higher risk to develop lung cancer 
in Indian population (AG–OR 2.61, 95% CI 1.31–5.18; 
GG–OR 3.25, 95% CI 1.31–8.06; and AG + GG–OR 2.74, 
95% CI 1.41–5.32) [20] (Table 6).

The discrepant results observed in the literature may be 
explained by the fact that different populations were evalu-
ated in these studies. Indeed, according to 1000Genomes 
Project, the frequency of EGF+61 A>G alleles are different 
among human populations. Asian and African populations 
present a G frequency of around 70%, while 40% of Euro-
peans carry the G allele [21]. Obviously, these differences 
may influence the association studies. In Brazil, the allele 
frequencies were unknown. Our results showed 51.1% of A 
and 48.9% of G, and since the Brazilian population is highly 
admixed, with contribution from European, African, Asian 
and Native American ancestries, it could be speculated that 
the frequencies of the two alleles were similar [26].

Moreover, some studies included a low number of indi-
viduals, which could impair their statistical power. In fact, 
the publications that suggested the association between 

EGF+61 A>G polymorphism and lung cancer susceptibility 
included around 100 in each group [17, 19, 20], while Kang 
et al., who evaluated more participants (432 cases and 432 
controls) [18], as well as our study, which included 669 cases 
and 1104 controls, did not find the same association. On 
the other hand, the meta-analysis associating the previous 
studies from Lim et al. [17] and Kang et al. [18], included 
554 cases and 564 controls, and indicated the association 
between the SNP and risk [27]. Other potential confounding 
effect among studies could be the controls used [28]. One 
limitation of our study was the absence of match by demo-
graphic parameters, such as gender, age, skin color, tobacco 
and alcohol consumption. However, following an adjusted 
multivariate analysis we showed that EGF+61 A>G poly-
morphism continued not affecting lung cancer risk.

Finally, is important to consider that the previous stud-
ies differ from the present one when histology is taken into 
account. Lim et al. did not even describe the clinical and 
pathological information from their patients [17], whereas 
Masroor et al. included only adenocarcinoma patients [20]. 
Kang et al. [18] and de Mello et al. [19] included 48.6% 
of adenocarcinomas and 32.6% of squamous cell carcino-
mas, and 59.8% of adenocarcinomas and 25% of squamous 
cell carcinomas, respectively. Our study included 70.3% of 
adenocarcinomas and 24.2% of squamous cell carcinomas. 

Table 5  Univariate analysis by χ2 test in case group, associating clinical pathological characteristics and EGF+61 A>G genotype, considering 
the three models

Bold value indicates p ≤ 0.005

Characteristics Codominant model Recessive model Dominant model
AA AG GG p AA AG + GG p AA + AG GG p

Histology
 Adenocarcinoma 127 (71.3) 212 (68.4) 123 (72.7) 127 (71.3) 335 (69.9) 339 (69.5) 123 (72.7)
 Squamous cell carcinoma 42 (23.6) 77 (24.8) 40 (23.7) 0.629 42 (23.6) 117 (24.4) 0.926 119 (24.4) 40 (23.7) 0.413
 Other 9 (5.1) 21 (6.8) 6 (3.6) 9 (5.1) 27 (5.7) 30 (6.1) 6 (3.6)

T
 T0/T1/T2 47 (26.7) 99 (31.9) 36 (21.6) 0.050 47 (26.7) 135 (28.3) 0.686 146 (30.0) 36 (21.6) 0.035
 T3/T4 129 (73.3) 211 (68.1) 131 (78.4) 129 (73.3) 342 (71.7) 340 (70.0) 131 (78.4)

N
 N0 43 (24.2) 66 (21.4) 30 (18.1) 0.387 43 (24.2) 96 (20.3) 0.278 109 (22.4) 30 (18.1) 0.237
 N1/N2/N3 135 (75.8) 242 (78.6) 136 (81.9) 135 (75.8) 378 (79.7) 377 (77.6) 136 (81.9)

M
 M0 77 (43.0) 119 (38.8) 54 (32.3) 0.121 77 (43.0) 173 (36.5) 0.126 196 (40.3) 54 (32.3) 0.067
 M1 102 (57.0) 188 (61.2) 113 (67.7) 102 (57.0) 301 (63.5) 290 (59.7) 113 (67.7)

TNM
 0/I/II 29 (16.2) 47 (15.3) 18 (10.8) 0.293 29 (16.2) 65 (13.7) 0.419 76 (15.6) 18 (10.8) 0.123
 III/IV 150 (83.8) 260 (84.7) 149 (89.2) 150 (83.8) 409 (86.3) 410 (84.4) 149 (89.2)

Metastasis at diagnosis
 No metastasis 39 (27.3) 52 (21.7) 27 (19.0) 39 (27.3) 79 (20.7) 91 (23.8) 27 (19.0)
 Metastasis in one organ 39 (27.3) 77 (32.1) 46 (32.4) 0.512 39 (27.3) 123 (32.2) 0.236 116 (30.2) 46 (32.4) 0.511
 Metastasis in multiple organs 65 (45.4) 111 (46.2) 69 (48.6) 65 (45.4) 180 (47.1) 176 (46.0) 69 (48.6)
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Since recent results from genome international consortiums 
showed that genetic alterations in EGFR pathway seems 
more relevant in adenocarcinomas, than in squamous cell 
carcinomas [8–10], the comparison between heterogene-
ous studies according to histology subtype seems impaired. 
In this context, the presence of specific SNPs seems to be 
associated with some histological types of lung cancer. In 
fact, the polymorphism − 191C>A located in the EGFR 
gene present different frequencies in adenocarcinomas when 
compared to other histology and was considered a risk fac-
tor for patients younger than 64 years [29]. Also, the EGFR 
rs2072454 SNP revealed as a risk factor only for lung adeno-
carcinomas in Jordanian population [30].

In the present study, 232 patients were genotyped using 
DNA isolated from blood samples and qPCR technique, 
while 437 patients provided tumor tissue and genotype was 
accessed by the RFLP-PCR method. The statistic analysis 
comparing genotype frequencies between the two subgroups 
of patients revealed no differences in these frequencies, sug-
gesting that, even being a germline feature, it is possible to 
evaluate it in tumor cells.

Conclusions

In conclusion, this is the largest study that evaluated the 
association of the EGF+61 A>G polymorphism with lung 
cancer risk. Our findings indicate that EGF+61 A>G poly-
morphism is not associated with lung cancer risk in the Bra-
zilian population.
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