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Purpose: The purpose of this study was to investigate the relationship between epidermal

growth factor receptor (EGFR) gene mutation and clinicopathological features of lung

adenocarcinoma, and the prognostic and therapeutic value of EGFR.

Methods: EGFR gene mutations were detected in 424 patients with lung adenocarcinoma by

amplification refractory mutation system (ARMS).

Results: The total EGFR gene mutation rate was 55.2% (234/424) and EGFR gene mutation

rates were statistically different in gender, smoking status, and pathological degree (P<0.05).

The overall survival (OS) time of lung adenocarcinoma patients with mutation of exon 18

was lower than those with mutation of exon 19 and exon 21 (both P<0.05), but no significant

difference was seen between those with mutation of exon 19 and exon 21 (P>0.05). Among

424 cases of lung adenocarcinoma, multivariate analysis showed that EGFR gene mutation,

age, gender, clinical stages, and pathological degree (P<0.05) were statistically significant

prognostic factors. In multivariate analysis, prognostic factors of patients with EGFR gene

mutation were associated with EGFR-TKI treatment, surgery treatment, pathological degree,

clinical stages, and age (P<0.05), whereas in patients without EGFR gene mutation, prog-

nostic factors were related to surgery treatment, pathological degree, clinical stages, gender,

age, and smoking status (P<0.05).

Conclusion: The OS time of patients with mutation of exon 18 was lower than those of

exon 19 and exon 21. EGFR-TKI treatment was an independent positive predictor in patients

with EGFR gene mutation. Surgery treatment, age, clinical stages, and pathological degree

were independent prognostic factors in Chinese patients with lung adenocarcinoma no matter

whether with EGFR gene mutation or not.

Keywords: EGFR gene mutation, lung adenocarcinoma, clinicopathological features,

prognosis

Introduction
Lung cancer is one of the major malignant tumors that cause cancer death,1 which

has been proved to be associated with smoking,2 indicating that other genetic and

environmental factors can also contribute to occurrence and development of lung

cancer.3,4 EGFR is a glycoprotein that plays a vital role in cell proliferation and

apoptosis and has been shown to be important in tumorigenesis.5,6 Precision

treatment targeting epidermal growth factor receptor (EGFR) gene has made

great progress. However, not all patients with lung cancer are sensitive to EGFR-

tyrosine kinase inhibitors (EGFR-TKIs). It has been proved that EGFR gene

mutation is a predictive factor of response to EGFR-TKIs treatment that leads

to longer progression-free survival (PFS) in high mutation abundance patients.7,8

Some studies have examined the relationship between EGFR gene mutation and
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clinicopathological features.9–12 However, it is not clear

whether the prognostic factors of patients with EGFR

gene mutation are consistent with those of wild-type

EGFR patients. Thus, our purpose was to investigate the

relationship between EGFR gene mutation and clinico-

pathological features and to further analyze whether

EGFR gene mutation has the prognostic and therapeutic

implications in a large number of Chinese lung adeno-

carcinoma patients, which provides evidence for preci-

sion treatment of patients with lung adenocarcinoma.

Finally, we further explored the prognostic factors of

patients with and without EGFR gene mutation,

respectively.

Materials and methods
Patients and clinical data
A total of 424 patients with pathologically confirmed lung

adenocarcinoma from The Second Xiangya Hospital of

Central South University between August 2012 and

July 2017 were enrolled for this study, and their paraffin

sections were selected to detect EGFR gene mutation. All

patients in this study were approved by the Ethics

Committee of The Second Xiangya Hospital of Central

South University (Scientific and Research Ethics

Committee, no. s02/2000) and any related procedures

were performed in accordance with relevant guidelines

and regulations. Written informed consent was obtained

from all patients, and the written informed consent was

obtained from the next of kin, caretakers, or guardians on

the behalf of the minors/children participants involved in

our study. TNM staging of lung adenocarcinoma was per-

formed according to the Eighth Edition Lung Cancer Stage

Classification.13 Pathological diagnosis was based

on the 2011 IASLC/ATS/ERS Lung Adenocarcinoma

Classification system.14 The research samples included

217 males and 207 females with an average age of 58.0

±10.9 years. One hundred and thirty patients received pla-

tinum-based chemotherapy, including Cisplatin+Paclitaxel/

Docetaxel/Gemcitabine/Pemetrexed and Carboplatin

+Paclitaxel/Pemetrexed. One hundred and fifty-seven

patients were treated with EGFR-TKIs which included

Gefitinib, Erlotinib, and Icotinib. The basic information of

these patients was shown in Supplementary Table S1.

Clinical follow-up of 424 patients
This study collected the medical histories of admitted

patients and was followed up by telephone interview to

ask for survival status (survival or death), recurrence and

metastasis information. Overall survival was defined as the

time from the treatment initiation (diagnosis) to the date of

death. If the patients died, the follow-up contents were the

time and cause of death. In this study, all the dead patients

died of lung cancer.

ARMS method for detecting EGFR gene

mutation types
DNA extraction. Paraffin-embedded samples were cut into

5 μm, 3–8 slides were put into 1.5 mL Eppendorf tube, and

an appropriate amount of xylene was added to deparaffi-

nized, then an appropriate amount of ethanol was added to

elute xylene, after that the samples dried at room tempera-

ture or 37°C until the ethanol was completely evaporated.

DNA was extracted according to the manufacturer’s

instructions of the QIAamp DNA FFPE Tissue kit

(Qiagen, Hilden, Germany), and the DNA samples were

examined for concentration and purity.

EGFR gene mutation detection. The detection of EGFR

gene mutation was performed following the instructions of

ADx-ARMS® EGFR Mutation Test kit (Amoydx,

Xiamen, China). The representative curves of different

types of EGFR gene mutation were presented in Figure 1.

Statistical analysis
All statistical analyses were performed using SPSS 24.0.

The relationship between the rate of EGFR gene muta-

tion and the clinicopathological features of lung adeno-

carcinoma was analyzed by the χ2 test or Fisher’s exact

test. Logistic regression analysis was used to evaluate

independent factors associated with EGFR gene status.

Kaplan–Meier analysis was performed for overall survi-

val (OS) curves, and statistical significance was assessed

using the log-rank test. Additionally, Cox comparative

hazards model was used to estimate the independent

prognostic factors of lung adenocarcinoma. Two-sided

statistical analysis was used, and the data were consid-

ered to be statistically significant when P<0.05.

Ethical approval and informed consent
All patients in this study were approved by the Ethics

Committee of The Second Xiangya Hospital of Central

South University (Scientific and Research Ethics

Committee, no. s02/2000). Written informed consent was

obtained from all patients.
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Results
Subtypes analysis of EGFR gene mutation

in the lung adenocarcinoma
The total positive percentage of EGFR gene mutation was

55.2% (234/424) in 424 cases of lung adenocarcinoma

patients (Figure 2), including exon 18 (2.0%), exon 19

(48.0%), exon 20 (5.0%), exon 21 (42.0%), and double muta-

tions (3.0%). Six cases were identified to have EGFR gene

double mutations, two of exon 18 and 21, two of exon 19 and

20, and two of exon 20 and 21. In the exon 20 mutation, 9

cases were deletion mutation and 3 cases were T790Mmuta-

tion. The most common mutation was classic activating

mutation L858R in exon 21 and deletion in exon 19 (19del).

The relationship between EGFR gene

mutation and clinicopathological features

of lung adenocarcinoma
The EGFR gene mutation rates were significantly higher in

the female (73.9%, 153/207) than in the male patients

(37.3%, 81/217) (P<0.001). Furthermore, the total EGFR

gene mutation rates were evidently higher in nonsmoker

patients (66.9%, 182/272) compared with smoker patients

(34.2%, 52/152) (P<0.001). EGFR gene mutation rates

were also statistically different in pathological degree

(well and moderated differentiation vs poor differentiation:

59.8% (192/321) vs 40.8% (42/103); P=0.001). However,

there was no significant association between EGFR gene

mutation rates and age or clinical stages (P>0.05). Among

134 cases of lung adenocarcinoma with surgical treatment,

8 patients underwent EGFR gene mutation detection in

biopsy tissue. Therefore, this analysis only included 126

cases of lung adenocarcinoma with surgical specimens,

and there were significant correlations between the presence

or absence of EGFR gene mutation and gender, smoking

status, and pathological degree of cancer (P<0.05), but no

significant differences in maximum diameter of tumor,

lymph node metastasis, pleural metastasis, age, and clinical

stages (P>0.05) (Table 1). EGFR gene mutation was inde-

pendently associated with gender and pathological degree,

but not with smoking status (Supplementary Table S2).

Association analysis between overall

survival time of lung adenocarcinoma

patients and EGFR gene mutation subtypes
We analyzed OS time in different EGFR gene mutation

subtypes based on the data of single mutation and double

mutation, which was shown in Supplementary Table S3.

The OS time of the exon 19 mutation group was longer than

that of the exon 18 group, which had statistical significance

(average survival time: 41.2 vs 19.4 months, respectively;

P=0.032). The OS time of the exon 21 group was longer
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Figure 1 Representative curves of different mutation subtypes of EGFR gene.

Notes: Representative curves of L858R of exon 21 (A), 19-Del of exon 19(B), 20-Ins of exon 20(C), G719X of exon 18(D), L861Q of exon 21(E), and T790M of exon 20

(F). (EGFR gene mutation was detected by ARMS method. The red curves represent positive control which presents the amplification curve, the green curves represent

negative control which has no amplification curve, and the blue curves represent the lung adenocarcinoma tissue samples).

Abbreviations: EGFR, epidermal growth factor receptor; ARMS, amplification refractory mutation system.
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than exon 18 group and had statistical significance (average

survival time: 43.9 vs 19.4 months, respectively; P=0.036);

however, there were no significant differences between

exon 18 and exon 20, exon 19 and 20, exon 19 and 21,

exon 20 and exon 21 (P>0.05) (Figure 3A).

Survival analysis for 424 cases of lung

adenocarcinoma patients
The median survival time and average survival time of

424 patients with lung adenocarcinoma were 28.0 months

and 34.9 months, respectively. Kaplan–Meier survival

analysis was used to estimate the survival time of 424

cases of lung adenocarcinoma. The cumulative survival

rate was 84.2% at 6 months, 72.3% at 12 months, and

42.2% at 36 months. Kaplan–Meier survival curves

revealed that the average survival time of patients with

EGFR gene mutation positive and EGFR gene mutation

negative was 42.2 months and 26.3 months, respectively

(P<0.001; Figure 3B), whereas the average survival time

was 39.7 months in females and 30.6 months in males

(P=0.001). There was also difference in average survival

time among smoking status (smoker vs non-smoker: 29.8

vs 37.8 months, respectively; P=0.014), clinical stages

(I+II+III vs IV: 46.5 vs 24.8 months, respectively;

P<0.001; Figure 3C) and pathological degree of cancer

(well and moderated differentiation vs poor

differentiation: 39.6 vs 20.1 months, respectively;

P<0.001; Figure 3D). All of these differences were sta-

tistically significant, which indicated the relationship

between these prognostic factors and survival time, but

there was no statistical difference in the age of patients

(P=0.054). Multivariate analysis using Cox comparative

hazards model analyzed these main factors determining

the prognosis of patients, including EGFR gene mutation,

clinical stages, pathological degree, age, and gender

(P<0.05). But smoking status was not prognostic factor

in multivariate analysis (P=0.144). The risk of death in

patients without EGFR gene mutation was 2.4 times

higher than that of patients with EGFR gene mutation,

and the risk of death in patients with stage IV was 2.1

times than that of patients with stage I+II+III (Table 2).

Survival analysis for 234 cases of lung

adenocarcinoma patients with EGFR gene

mutation
Univariate analysis of prognostic factors using Kaplan–

Meier survival curves showed that effective prognostic fac-

tors included pathological degree (well and moderated dif-

ferentiation vs poor differentiation: 46.4 vs 21.3 months,

respectively; P<0.001), clinical stages (I+II+III vs IV: 53.3

vs 27.9 months, respectively; P<0.001), EGFR-TKI treat-

ment (EGFR-TKI treatment vs non-EGFR-TKI treatment:

Exon 18
2%

Exon 18 exon 21
1%

Exon 20 exon 21
1%

Exon 21
42%

Exon 19
48%

Exon 20
5%

Exon 19 exon 20
1%

Figure 2 Proportion analysis of EGFR gene mutation subtypes in the lung adenocarcinoma patients.

Notes: Exon 18, exon 19, exon 20, and exon 21 accounted for 2%, 48%, 5%, and 42%, of mutant EGFR gene, respectively. Double mutation of exon 18 and 21, exon 19 and

20, and exon 20 and 21 accounted for 2%, respectively.

Abbreviation: EGFR, epidermal growth factor receptor.
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51.0 vs 30.7 months, respectively; P<0.001; Figure 3E) and

surgery treatment (non-surgical patients vs surgical patients:

27.3 vs 56.2 months, respectively; P<0.001; Figure 3F). Cox

comparative hazards model revealed that the risk of death in

patients with poor differentiation was 2.5 times higher than

that of patients with well and moderated differentiation

(P<0.001), and the risk of death in patients with stage IV

was 2.3 times than that of patients with stage I+II+III

(P=0.033). The risk of death in non-surgical patients was

5.2 times than that of surgical patients (P=0.001), and the risk

of death in patients without receiving EGFR-TKI treatment

was 7.0 times than that of patients receiving EGFR-TKI

treatment (P<0.001) (Table 3).

Survival analysis for 190 cases of lung

adenocarcinoma patients without EGFR

gene mutation
Kaplan–Meier survival curves revealed that the survival time

of patients without EGFR gene mutation was associated with

surgery treatment (Figure 3G), age, gender, clinical stages,

and pathological degree (P<0.05), which were considered as

statistically significant difference, but there was no signifi-

cance on EGFR-TKI treatment (Figure 3H), smoking status,

and chemotherapy (P>0.05). Cox comparative hazards

model revealed that age, gender, smoking status, pathological

degree, clinical stages, and surgery treatment (P<0.05) were

independent prognostic factors for lung adenocarcinoma

patients without EGFR gene mutation, but no significance

on chemotherapy and EGFR-TKI treatment (P>0.05). The

risk of death in non-surgical patients was 2.4 times higher

than that of surgical patients (P=0.005), the risk of death in

patients with stage IV was 2.5 times than that of patients with

stage I+II+III (P<0.001), and the risk of death in patients

more than 60 years was 1.6 times than that of patients

younger than 60 years (P=0.015). The risk of death among

male, smoker, and poor differentiation patients was 2.3 times,

1.7 times, and 1.8 times than that of female, non-smoker, and

well and moderated differentiation patients, respectively

(P<0.05; Table 3).

Discussion
EGFR is a part of the ErbB family of transmembrane

receptor tyrosine kinases, which overexpresses and/or
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Figure 3 Kaplan–Meier curves for 424 cases of lung adenocarcinoma patients with different clinicopathological features.

Notes: (A) Patients with exon 18 mutation had shorter OS than those with exon 19 and exon 21. (B–D) 424 cases of lung adenocarcinoma patients with wild-type EGFR
gene, stage IV and poor differentiation had shorter survival. (E and F) 234 cases of mutant EGFR gene with EGFR-TKI treatment and surgery treatment had longer survival.

(G and H) 190 cases of wild-type EGFR gene with surgery treatment had longer survival, but EGFR-TKI treatment was not significant (Kaplan–Meier analysis was used to plot

the overall survival and statistical significance was assessed by log-rank test).

Abbreviations: OS, overall survival; EGFR, epidermal growth factor receptor; EGFR-TKI, EGFR-tyrosine kinase inhibitor.
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mutates in some lung cancer. EGFR gene mutation has been

reported as a predictive factor for EGFR-TKI treatment.5,15

In this study, the total positive percentage of EGFR gene

mutation was 55.2% (234/424) in 424 cases of lung adeno-

carcinoma patients, including exon 18 (2.0%), exon

19 (48.0%), exon 20 (5.0%) and exon 21 (42.0%). We

found that exon 19 deletion (Del19) and exon 21

Leu858Arg substitution (L858R) were the most common

mutations subtypes, which was consistent with previous

reports.16 In addition, 6 cases of double mutations were

also observed, including double mutations of exon 18 and

21, double mutations of exon 19 and 20, and double muta-

tions of exon 20 and 21, suggesting a co-mutation of EGFR

gene in patients with lung adenocarcinoma. In the exon 20

mutation, we found 3 cases of T790M mutation, accounting

for acquired resistance to EGFR-TKI treatment.17

In our study, the prevalence of EGFR gene mutation was

higher in female, nonsmoker, and well and moderated dif-

ferentiation, which was similar to previous reports from the

East Asian countries.9,10,18 Furthermore, we also found that

the rate of EGFR gene mutation was not associated with

specimen types, and there were no significant differences in

maximum diameter of tumor, lymph node metastasis, and

pleural metastasis of surgical specimen. Of note, logistic

regression analysis demonstrated that EGFR gene mutation

was independently associated with gender and pathological

degree, but not with smoking status, which needed to be

further investigated in large samples. The most likely reason

for the result was that smoking status was related to gender,

which was considered as a confounding factor, and there

was no uniform standard for assessing smoking status. In

this study, some patients may accept second-hand smoke

but were still identified as non-smokers. In further studies,

we will pay more attention to the standard definition of

smoking status. Our findings provided further evidence

that EGFR gene mutation varied by clinicopathological

features which showed some predictors for EGFR gene

mutation. So far, the results of survival difference between

Del19 and L858R subtypes were still inconsistent.19 In our

study, the survival time of exon 18 group was statistically

lower than that of exon 19 group and exon 21 group, but the

survival time between exon 19 group and exon 21 group

was not statistically different, suggesting there were no

differences in the survival time of Del19 and L858R sub-

types in the patients with lung adenocarcinoma, which

needed to be further investigated.

Table 2 Analysis between average survival time (months) and clinicopathological features in 424 cases of lung adenocarcinoma

Clinicopathological Univariate analysis Multivariate analysis

Features Survival time (SE) 95%CI P Exp (B) 95%CI P

Age (years)

≤60 38.0 (1.94) (34.2, 41.8) 0.054 0.625 (0.501, 0.872) 0.003*

>60 31.5 (2.10) (27.4, 35.6)

Gender

Female 39.7 (2.11) (35.5, 43.8) 0.001* 0.645 (0.445, 0.940) 0.022*

Male 30.6 (1.95) (26.8, 34.4)

Smoking status

Smoker 29.8 (2.30) (25.3, 34.3) 0.014* 0.743 (0.527, 1.098) 0.144

Nonsmoker 37.8 (1.85) (34.2, 41.4)

Pathological degree

Well and moderated differentiation 39.6 (1.69) (36.2, 42.9) 0.000* 0.534 (0.392, 0.700) 0.000*

Poor differentiation 20.1 (2.06) (16.1, 24.1)

Clinical stages

I+II+III 46.5 (2.04) (42.5, 50.5) 0.000* 0.475 (0.192, 0.368) 0.000*

IV 24.8 (1.73) (21.4, 28.2)

EGFR mutation

Positive 42.2 (2.04) (38.2, 46.2) 0.000* 0.415 (0.288, 0.529) 0.000*

Negative 26.3 (1.95) (22.5, 30.1)

Note: *P<0.05.
Abbreviations: SE, standard error; 95% CI, 95% confidence interval.
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Multivariate analysis showed that clinicopathological

features, following as age, gender, clinical stages, patho-

logical degree, and EGFR gene mutation were independent

prognostic factors in the 424 cases of lung adenocarci-

noma patients. Patients with EGFR gene mutation tended

to have better survival in univariate and multivariate ana-

lysis. Smoking status was significant in univariate analy-

sis, but not in multivariate analysis. These findings

suggested that EGFR gene mutation, clinical stages, and

pathological degree were more important prognostic fac-

tors than smoking status. Multivariate analysis identified

that the following clinicopathological features, such as

age, pathological degree, clinical stages, surgery treatment,

and EGFR-TKI treatment, were significantly associated

with survival time in patients with EGFR gene mutation.

In multivariate analysis of patients without EGFR gene

mutation, surgery treatment, younger patients, non-smoker

female, early clinical stage, and well and moderated dif-

ferentiation showed better survival, thus, suggesting both

in patients with or without EGFR gene mutation could

benefit from the early clinical stage, younger, well and

moderated differentiation, and surgery treatment. The

results of the present study also showed that EGFR-TKI

treatment was a prognostic factor in patients with EGFR

gene mutation rather than in patients without EGFR muta-

tion, further indicating EGFR-TKI treatment has favorable

efficacy in patients with EGFR mutation.8,20

In conclusion, clinicopathological features, such as

gender, smoking status, and pathological degree of cancer

were predictors of EGFR gene mutation. EGFR gene

mutation had important prognostic and therapeutic impli-

cations in lung adenocarcinoma patients, and EGFR-TKI

treatment was a more important prognostic factor in

patients with EGFR gene mutation than in patients without

EGFR gene mutation. Surgery treatment, age, clinical

stages, and pathological degree were independent factors

in Chinese lung adenocarcinoma patients no matter with or

without EGFR gene mutation.
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Supplementary materials

Table S1 Clinicopathological features of 424 cases of lung adenocarcinoma

Clinicopathological features n (%)

Age (years)

≤60 242 (57.1%)

>60 182 (42.9%)

Gender

Female 207 (48.8%)

Male 217 (51.2%)

Smoking status

Smoker 152 (35.8%)

Nonsmoker 272 (64.2%)

Pathological degree

Poor differentiation 103 (24.3%)

Well and moderated differentiation 321 (75.7%)

Clinical stages

I+II+III 181 (42.7%)

IV 243 (57.3%)

Specimen types

Biopsy specimen 298 (70.3%)

Surgical specimen 126 (29.7%)

EGFR mutation

Positive 234 (55.2%)

Negative 190 (44.8%)

Chemotherapy

Yes 130 (30.7%)

No 294 (69.3%)

Surgery treatment

Yes 134 (31.6%)

No 290 (68.4%)

EGFR-TKI treatment

Yes 157 (37.0%)

No 267 (63.0%)

Survival situation

Survival 216 (50.9%)

Death 208 (49.1%)

Table S2 Summary for logistic regression analysis of factors associated with EGFR gene status in lung adenocarcinoma

Clinicopathological features Total lung adenocarcinoma (n=424) Biopsy specimen (n=298) Surgical specimen (n=126)

OR 95%CI P OR 95%CI P OR 95%CI P

Gender 0.276 0.159-0.479 0.000* 0.240 0.125-0.458 0.000* 0.591 0.180-1.936 0.385

Smoking status 1.583 0.902-2.779 0.109 0.360 0.706-2.605 0.360 3.323 0.973-11.350 0.055

Pathological degree 0.453 0.277-0.741 0.002* 0.516 0.296-0.899 0.019* 0.165 0.040-0.680 0.013*

Note: *P<0.005.
Abbreviations: CI, confidence interval; OR, odds ratio.
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Table S3 Survival analysis of different EGFR gene mutation types

EGFR gene subtypes Average survival time (SE) 95.0% CI

Lower Upper

Exon 18 19.39 (5.02) 9.543 29.234

Exon 19 41.19 (3.34) 34.636 47.741

Exon 20 30.14 (7.82) 14.820 45.457

Exon 21 43.87 (3.03) 37.932 49.807

Double mutation 26.50 (5.81) 15.113 37.887

Abbreviations: SE, standard error; CI, confidence interval.

Zheng et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:116150

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

